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GRAPHICAL ABSTRACT

ABSTRACT

Background. Contrast-induced nephropathy (CIN) caused
by exposure to radioactive contrast media can cause acute

kidney injury in patients with chronic kidney disease (CKD).
We developed a multifaceted approach in a CIN-quality
improvement (QI) programbased on a shorter saline hydration
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KEY LEARNING POINTS

What is already known about this subject?
•Saline hydration is a useful method of preventing contrast-induced nephropathy (CIN). However, the typical protocol for
prophylactic hydration recommends 6–24 h of infusion, which is not feasible for outpatients undergoing contrast-enhanced
imaging studies.
•There is currently no validated approach that is realistic for the prevention of CIN in outpatients.
What this study adds?
•A multifaceted approach in a CIN-quality improvement (QI) program, which included a shorter prophylactic saline
hydration protocol during contrast-enhanced computed tomography procedures for outpatients, was found to be effective
in preventing CIN and decreasing the number of contrast studies.
What impact this may have on practice or policy?
•Widespread implementation of the CIN-QI program may help prevent the development of CIN in outpatients undergoing
contrast-enhanced imaging studies, thereby preventing complications from CIN and reducing the associated costs to
healthcare systems.

protocol for the prevention of CIN in outpatients and assessed
the effect of our CIN-QI program on decreasing both the
incidence rate of CIN and overall use of contrast agents in
patients undergoing contrast-enhanced computed tomography
(CT).
Methods. We conducted a multi-center prospective inter-
rupted time-series study from 2006 to 2018 investigating the
efficacy of a CIN-QI program in preventing CIN among
outpatients with CKD. An automatic medical record sys-
tem alert was implemented to instruct physicians to con-
sult a nephrologist and administer prophylactic hydration
and follow-up when ordering contrast-enhanced imaging
in patients with an estimated glomerular filtration rate
(eGFR) <45 mL/min/1.73 m2. The primary outcomes were
the rates of prophylactic hydration and follow-up kidney
function assessment, and the incidence of CIN for eligible
patients. The usage rate of contrast-enhanced CT was also
examined.
Results. A total of 95 594 patients who underwent contrast-
enhanced CT were included in the study. The annual prophy-
lactic hydration rate before the CIN-QI program ranged from
2.0% to 23.2% but increased to 59.2%–75.2% during the CIN-
QI program (P < .001). The annual rate of follow-up kidney
function testing also improved from 18.6%–25.8% to 34.1%–
42.5% after implementation of the CIN-QI program (P< .001).
The rate of CIN significantly declined in level by 10.0% at
the start of the CIN-QI program (P = .002) and in trend by
2.9%/year (P < .001). The number of contrast-enhanced CT
orders showed a positive level change in patients with advanced
CKD, who were the CIN-QI program target group of patients
with eGFR<45mL/min/1.73 m2, at the start of the implemen-
tation of theCIN-QI program.After implementing theCIN-QI
program, the number of contrast-enhanced CT orders showed
a negative trend change across all patients, which decreased
from −1.4%/year to −10.0%/year for patients with advanced
CKD.
Conclusion. The multifaceted approach in the CIN-QI
program may be associated with the decreased incidence of
CIN and increased rates of prophylactic hydration and follow-
up kidney function testing.

Keywords: acute kidney injury, chronic kidney disease,
contrast-induced nephropathy, interrupted time-series analy-
sis, quality improvement

INTRODUCTION
Contrast-induced nephropathy (CIN) is a kidney injury
caused by the administration of radioactive contrast agents
during transvenous diagnostic contrast-enhanced computed
tomography (CT) scanning or a transarterial cardiovascular
intervention. Notably, CIN is the thirdmost common causes of
acute kidney injury (AKI) in hospitalized patients [1]. Patients
with CIN have a high incidence of adverse events and a
13% higher annual mortality rate than patients without CIN,
which causes a significant economic and healthcare burden
[2]. Specifically, patients who develop CIN are at an increased
risk of cardiovascular events, resulting in extended hospital
stays, poor renal outcomes and increased mortality [3–6]. As a
result of the public health implications of CIN and AKI, there
have been large-scale global awareness campaigns about these
conditions [7].

Patients with chronic kidney disease (CKD) are at an
increased risk for CIN [8, 9]. The guidelines of the Contrast
Safety Committee of the European Society of Urogenital
Radiology (ESUR) recommend prophylactic intravenous crys-
talloid infusions for 6–24 h before and after contrast agent
use for patients with an estimated glomerular filtration rate
(eGFR) <45 mL/min/1.73 m2 [10]. Although there are few
randomized controlled trials (RCTs) investigating crystalloid
infusion to prevent CIN, Nijssen et al. [11] recently conducted
the AMACING study, which showed that no prophylaxis
is non-inferior to prophylactic intravenous fluids in the
prevention of CIN. However, much of the evidence from
the A MAstricht Contrast-Induced Nephropathy Guideline
(AMACING) trial is based on interventional radiography
studies for inpatients who used large amounts of contrast
agents. A shorter prophylactic protocol is needed in the
outpatient setting as prolonged prophylactic hydration is
impractical for most outpatient contrast-enhanced CT studies.
To date, such shorter prophylactic protocols have not been
adequately investigated.
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We developed a multifaceted approach in a CIN-quality
improvement (QI) program based on the shorter protocol
for CIN prevention in outpatients proposed by Goldfarb
et al. [12]. We assessed the effect of our CIN-QI program
on decreasing both the incidence rate of CIN and the overall
use of contrast agents in all patients undergoing contrast-
enhanced CT. To this end, we conducted a longitudinal cohort
study with a long follow-up period in patients with CKD. The
multifaceted approach in the CIN-QI program was evaluated
using an interrupted time-series analysis, also known as a
“pseudo-RCT,” which allowed us to assess the impact of the
interventions on the entire population.

MATERIALS AND METHODS
Study design
Weconducted amulti-center prospective longitudinal study

using medical record data from all patients 18 years or older
with eGFR <45 mL/min/1.73 m2 scheduled for contrast-
enhanced CT in three branches of St Luke’s International
Hospital between April 2006 and March 2018. To account for
potential covariates, we obtained data about the participants’
medical history and previous laboratory measurements. The
following informationwas collected: age, sex, serum creatinine
level from registration to the end of the observation period,
baseline eGFR, comorbidities (hypertension and diabetes),
volume of radiocontrast agents used and details of the saline
hydration administration protocol. We excluded all patients
who opted out of having their anonymized data used in the
study. In addition, patients were excluded if their baseline
kidney function was not measured. Patients who required
regular dialysis, whether hemodialysis or peritoneal dialysis,
were excluded.

The outcome measures were the implementation rate of
prophylactic saline hydration, rate of kidney function assess-
ment after contrast-enhanced CT and incidence of CIN. The
kidney function assessment rate was defined as the percentage
of patients whose kidney function was measured within 1
week of undergoing contrast-enhanced CT, and the hydration
implementation rate was defined as the percentage of patients
who received intravenous hydration according to the CIN-QI
protocol described below. Contrast agent use was also assessed
based on the annual number of contrast-enhanced CT scans
obtained in patients with all stages of CKD [10, 13]. Finally,
the trends in contrast medium utilization were evaluated and
compared between imaging regions. Patient outcomes were
compared before and after the 2012 implementation of the
CIN-QI program. The Ethics Committee Institutional Review
Board approved this study with the approval number R21-013.

Definition of CIN
CIN is diagnosed when kidney function declines after

using radiocontrast agents, and other causes of AKI—such as
dehydration, sepsis and drug-induced AKI—can be ruled out.
We used the following definition of CIN in patients with CKD:
a serum creatinine ratio before and after CT ormore or a≥25%
increase from the previous serum creatinine value measured

within 1week of iodine contrast agent administration. Baseline
kidney function was defined as the most recent serum
creatinine value measured on the day closest to and within 1
year retrospectively from the CT order date, and patients were
excluded if their baseline creatinine level was not measured.
This definition is based on the joint guideline from the
Japanese Society of Nephrology, Japan Radiological Society
and Japanese Circulation Society [13], which is consistent with
the guidelines outlined by the ESUR Contrast Media Safety
Committee [10] andConsensus Statements from theAmerican
College of Radiology and the National Kidney Foundation
[14]. As all patients included in this study were outpatients,
the follow-up period after the administration of iodinated
contrastmediumwas 1week, which is consistentwith the usual
outpatient follow-up schedule.

Development and implementation of the CIN-QI
program
The development, dissemination and evaluation of the CIN

prevention program was conducted as a hospital-wide QI
activity. This included the development of a CIN prevention
protocol, a CIN risk assessment using a risk score, an
automatic medical record system alert and monitoring of CIN
prevention protocol implementation rates as monthly quality
indicator measurements [15]. CIN-QI program committees
met monthly to review and assess progress toward achieving
the target implementation rate of 80%. Department heads who
participated in the committee meetings provided feedback
to the physicians in their respective departments. The CIN-
QI program also promoted the awareness of the need to
avoid unnecessary contrast studies in accordance with clinical
guidelines [10, 13]. A CIN working group, QI committee and
specialist teams were closely involved in the QI activities from
April 2012 to March 2018. The detailed composition and roles
of the involved groups are summarized in Supplementary data,
Table S1.

As a preliminary study, the CIN prevention protocol was
implemented for patients with CKD undergoing contrast-
enhanced cardiac CT, as this procedure typically requires a
smaller volume of contrast agent than abdominal CT. We
adopted the following procedure reported by Goldfarb et al.
[12]: an outpatient CIN prevention protocol in which a
3 mL/kg/h isotonic solution of either sodium bicarbonate or
saline is infused before the test and for at least 1 h after the test.
After confirming the safety of this CIN prevention protocol,
educational conferences were held for the entire hospital
regarding the appropriate time to order contrast-enhanced
CT prior to initiating CIN-QI. Here, we explained the need
for prophylactic infusions before and after contrast CT. For
example, we explained that necessary contrast-enhanced CT
should not be avoided because of renal dysfunction. The
CIN-QI program recommended that this protocol be used for
patients with CKD stage 3b or higher. Next, after the CIN-QI
was initiated, educational interventions that included guidance
on the appropriate contrast by body region were conducted for
each clinical department. For example, simple CT is first indi-
cated for the diagnosis of stones in the urinary tract and should

Quality improvement for contrast-induced nephropathy 1251
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After CT scan

Plan and order contrast-enhanced CT
Consent for contrast agent use

Assess kidney
function (eGFR)

Preventative program
(on admission)

Preventative program
(out-patient clinic)

Perform CT scan
as usual

• Contact Nephrology consult
• Inform whether to stop nephrotoxic drugs (diuretics, NSAIDs, and metformin)
• Refer patient to a specialist team of nephrologists if needed

< 15

15–45

≥ 45

Practice group

• Perform CT scan
• Adjust the amount of
  contrast agents depending
  on kidney function

• One hour before CT:
  saline infusion (3 mL/kg/h)
• One hour after CT:
  saline infusion (3 mL/kg/h)

• Review patients for preventative program and obtain consent from 
  eligible patients
• Assess CIN risk using a risk assessment tool
• Contact practice group which consist of the outpatient clinic nurses

• Follow-up assessment of kidney function at CIN outpatient clinic
  (within seven days after CT)

The day of CT scan

Radiologist

Nephrologist

B

A

Nephrologist

Figure 1: CIN-QI program.

be avoided in patients with renal dysfunction. To identify high-
risk patients to physicians ordering contrast-enhanced CT, the
Hospital Health Information Centre developed an automatic
medical record system alert to identify high-risk patients
with CKD stage 3b or higher. When a physician orders a
contrast CT for a patient with eGFR<45mL/min/1.73 m2, the
system is activated, and the electronic medical record system
automatically notifies the ordering physician that the patient
is at a high risk of CIN and then recommends prophylactic
hydration and a nephrologist consultation (Supplementary
data, Fig. S1). The nephrologist explains the risk of CIN
to the patient and plans prophylactic hydration before and
after contrast-enhanced CT. Based on the clinical guideline
[13], the nephrologist may consider stopping medications
such as non-steroidal anti-inflammatory drugs, metformin or

loop diuretics depending on the patient’s risk factors. Next,
the radiologist and radiographer assess the patient’s renal
function and decide to adjust and administer the minimum
contrast dose within the range that would maintain diagnostic
performance. All contrast media used are hypo-osmotic, non-
ionic contrast media. Lastly, the nephrologist performs follow-
up kidney function testing within 1 week of the contrast-
enhanced CT. Patients with kidney dysfunction at follow-up
are subjected to ongoing follow-up at theCKDoutpatient clinic
(Fig. 1).

For QImonitoring, theHospital Health Information Centre
collected data on patients undergoing contrast-enhanced CT
and identified whether a nephrologist was consulted and
prophylactic intravenous hydration was performed as appro-
priate. Furthermore, the changes in patients’ serum creatinine
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levels following the administration of the iodinated contrast
mediumwere recorded. As part of themonthlymonitoring and
feedback program, the results were analyzed and reported at
the monthly QI committee meeting.

Statistical analysis
We used an interrupted time-series approach to analyze the

collected longitudinal data [14, 16, 17]. This strategy enables
the evaluation of the effectiveness of population-level health
interventions. Using this approach, we examined the changes
in the prevalence of CIN following the implementation of
the CIN-QI program compared with an outcome of a group
not targeted by the CIN-QI program. We also performed
an interrupted time-series analysis with a non-intervention
control group with eGFR ≥45 mL/min/1.73 m2 to evaluate
the effect of educational intervention. Various models of the
data were tested including the autoregressive, moving average
and autoregressive moving average models [16]. We also
used the Durbin–Watson test to assess for autocorrelation.
We used different potential covariates in each of the
models and adjusted for participant age, sex, comorbidities
(hypertension and diabetes) and volume of contrast medium,
as indicated in the model descriptions. To mitigate the effects
of autocorrelation, which is often a challenge in an interrupted
time-series analysis, we based our conclusions on the model
with the lowest Akaike’s information criteria for each
condition. Sensitivity analyses were performed using the ratio
of post- to pre-contrast serum creatinine level as a continuous
variable and the diagnosis of CIN based on a 25% increase in
serum creatinine level as a categorical variable. All analyses
were performed using R version 4.0.2 (R Foundation, Vienna,
Austria).

RESULTS
Annual patient characteristics before and after the
implementation of the CIN-QI program
As patients were excluded if their baseline Cr levels were not

measured, there was a missing rate of 10.2% among patients
who underwent contrast CT, and the records of 95 594 patients
who underwent contrast-enhanced CT between April 2006
and March 2018 were reviewed. A total of 2468 participants
met the CKD inclusion criteria. Participants were divided
into pre (2006–11) and post (2012–17) CIN-QI program
implementation groups for analysis. Pre-implementation par-
ticipants had a mean age of 72.7 ± 10.2 years, whereas post-
implementation participants had a mean age of 73.4 ± 10.3
years. There was no statistical difference in the average age or
sex breakdown between the groups; however, patients in the
post-implementation group were more likely to have diabetes,
hypertension and poor renal function than those in the pre-
implementation group. The mean volumes of the contrast
agents used in the pre- and post-implementation groups were
83.9 ± 15.4 and 76.8 ± 19.0 mL, respectively (Table 1). There
was no difference between the time from physicians ordering
and performing contrast-enhanced CT before CIN-QI {mean
39 [interquartile range (IQR) 15–84] days} and after CIN-QI

[29 (IQR 12–72.5) days] (P = .644), suggesting no significant
delay of performing contrast-enhancedCTdue to nephrologist
consultation.

Prophylactic saline hydration implementation rate and
protocol adherence during the CIN-QI program
To evaluate the adherence to the CIN prevention protocol

outlined in the QI program, we examined the rate of kidney
function assessment after contrast-enhanced CT and the rate
of prophylactic saline hydration administration. The results
showed that the implementation rate of prophylactic saline
hydration before and after the CIN-QI programdiffered signif-
icantly (P for level change <.001, P for trend change = .262).
Before the CIN-QI program began (2006–11), the annual rate
of intravenous saline hydration before contrast-enhanced CT
ranged from2.0% to 23.2%; after theCIN-QI programbegan in
2012, the annual rate immediately increased to approximately
59.2% and further to 75.2% by the end of the study period in
2018 (Fig. 2A). Next, a significant difference was also seen in
the rate of kidney function evaluation after contrast-enhanced
CT (P for level change <.001, P for trend change = .139);
precisely, the annual rate of follow-up blood tests for kidney
function assessment after contrast-enhanced CT improved
from 18.6%–25.8% before implementing the CIN-QI program
to 34.1%–42.5% after implementing the CIN-QI program
(Fig. 2B). The rates before and after the implementation of
the CIN-QI program were significantly different based on the
interrupted time-series analysis.

The CIN-QI program was associated with a decreased
rate of CIN
The median (IQR) time from contrast-enhanced CT to the

episode of CINwas 2.9 (IQR 1.8–4.9) days. Our results showed
that the CIN-QI program had a significant association with
the decreased rate of CIN (P for level change = .002, P for
trend change <.001). Time-series analysis revealed that the
incidence of CIN decreased significantly after implementing
the CIN-QI program in 2012 (Fig. 2C). Importantly, the rate
of CIN significantly declined in level by 10.0% with the start
of the CIN-QI program and subsequently in trend by 2.9%
per year for the remainder of the study period. Our CIN-QI
program contributed to the decreased incidence of CIN, even
after accounting for confounding factors including age, sex,
contrast use and history of comorbidities such as diabetes and
hypertension (Table 2). In addition, sensitivity analysis showed
that there was a significant level change in the proportion
of patients with CIN after the implementation of the CIN-
QI program when considering a pre- to post-contrast serum
creatinine ratio as the definition of CIN (Supplementary data,
Fig. S2A, Table S2). A similar level change was observed
when a ≥25% increase in serum creatinine level from baseline
was used as the definition of CIN (Supplementary data, Fig.
S2B, Table S2). We also performed an interrupted time-series
analysis on a control group with eGFR ≥45 mL/min/1.73 .m2,
without CIN-QI intervention. The difference in level and
trend changes between before and after the CIN-QI pro-
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Figure 2: CIN-QI program improves quality indicators of CIN. (A) Implementation rate of prophylactic hydration. (B) Rate of kidney function
evaluation after contrast-enhanced CT. (C) Incidence rate of CIN. Statistical analysis by interrupted time series analysis pre- and
post-implementation of the CIN-QI program. P level change: P-value for the level change after initiation of the CIN-QI program. P trend
change: P-value for the rates of level change of the slope of the trend line before and after the initiation of the CIN-QI program. The vertical
dotted line indicates the initiation of CIN-QI program. Bold font indicates statistical significance (P < .05).

gram in the intervention group (−10.0%, −2.9%/year) was
significantly greater than that in the non-intervention group
(1.0%, −0.6%/year) (Supplementary data, Fig. S3A, Table S3,
P < .001).

The CIN-QI program was associated with a decreased
number of contrast-enhanced CT scans
As a secondary outcome, we evaluated the records of 95 594

patients who underwent contrast-enhanced CT between 2006
and 2018 (Supplementary data, Table S4). We also evaluated
the number of contrast-enhanced CT scans stratified by
anatomical regions. When we stratified patients by CKD
stage, the number of contrast-enhanced CT orders showed a
positive level change for patients with CKD stage 4 at the start
of the implementation of the CIN-QI program (P for level
change = .038, Fig. 3, Supplementary data, Table S5). After
the implementation of the CIN-QI program, we found that
the number of contrast-enhancedCT orders showed a negative
trend change with the start of the CIN-QI program across
patients with any CKD stage including in the CIN-QI program
target group of patients with an eGFR <45 mL/min/1.73 m2.
As the patient’s CKD stage progressed, the trend changes
decreased from −1.4% to −10.0% per year. In addition, sub-
analysis by imaging region showed a negative trend change
in the use of contrast agents for several anatomical regions—
including the heart, abdomen, kidney, ureter and bladder—
and whole body (Supplementary data, Fig. S4, Table S6).

We also performed an interrupted time-series analysis
with a non-intervention control group with eGFR
≥45 mL/min/1.73 m2 (this group did not have any alert
to recommend nephrologist consultation) to evaluate the
effect of educational intervention. The difference in level
change between before and after the CIN-QI program in the
intervention group (0.7%) was significantly greater than that
in the non-intervention group (−1.4%) (Supplementary data,
Fig. S3B, Table S3, P = .043).

DISCUSSION
This is the first study to demonstrate the effectiveness of a
QI program for CIN prevention in outpatients with CKD
using an interrupted time-series analysis over an extended
period. We examined the incidence of CIN in a large patient
cohort over a 12-year period from 2006 to 2018. Following the
development and implementation of the CIN-QI program in
2012, there was a significant increase in the rate of follow-up
kidney function assessment after contrast-enhanced CT and
in the rate of prophylactic saline hydration administration.
Furthermore, the incidence of CIN and the rate of CT scans
performed with contrast agents decreased across all patients
with CKD, in addition to the target patient group. These results
provide important information for physicians ordering and
performing contrast-enhanced CT in outpatients with CKD.

Previous studies in outpatient settings have suggested that
the incidence of CIN ranges from 5% to 14% [17, 18].
The incidence of CIN increases in patients with multiple
comorbidities, such as diabetes and CKD [19]. According to
previous reports, the use of contrast media is considered as a
risk factor for AKI in patients with CKD stage 3b or higher [20,
21]. Given that our study included high-risk patients withCKD
stage 3b or higher and the mean patient age and prevalence
of diabetes were high, the incidence of CIN in the study
population is lower than expected based on previous studies
of this population. Our CIN prevention protocol included
a 1-h infusion of isotonic saline before and after contrast-
enhanced CT, which was designed to be feasible and practical
to administer to outpatients undergoing CT. As there was a
decrease in the incidence of CIN after the initiation of the
CIN-QI program, this prophylactic hydration protocol may
have been able to decrease the risk of CIN by increasing blood
volume prior to CT.

Clinical guidelines state that the most important way of
preventing CIN is to perform iodine-free procedures as much
as possible [13]. According to our study, the number of
contrast-enhanced CT studies decreased after implementing
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Figure 3: Change in the rate of contrast agent use of patients stratified by CKD stage. Statistical analysis by interrupted time-series analysis pre-
and post-implementation of the CIN-QI program. P level change: P-value for the level change after initiation of CIN-QI program. P trend
change: P-value for the rates of level change of the slope of the trend line before and after the initiation of the CIN-QI program. Solid trend lines
indicate the observed trend line. Dashed trend lines indicate the counterfactual line. Vertical dotted lines indicate the initiation of the CIN-QI
program. Bold font indicates statistical significance (P < .05).

the CIN-QI program. This was the case both in patients
with CKD and in patients with normal kidney function.
In the sub-analysis by imaging region, the rate of contrast
media use was decreased for regions that typically have
high contrast usage, including the heart, abdomen, kidney,
ureter and bladder and whole body. Considering that the
incidence rates of CIN decreased even after adjusting for the
overall decrease in contrast agent use after implementing the
CIN-QI program, we believe that the impact of the CIN-
QI program has implications beyond simply decreasing the
incidence rate of CIN. Specifically, we believe that the CIN-QI
program led to a decrease in the number of tests performed
with unnecessary contrast agents by reminding physicians of
the potential adverse renal outcomes, outlining preventative
measures to ensure that tests requiring contrast agent use
could be performed safely and alerting physicians to high-risk
patients when contrast-enhanced CT was ordered through the
electronic medical record system so that indications could be
strictly reviewed [22, 23]. Interestingly, in patients with CKD
stage 4 who were eligible for the CIN-QI program, there was
a positive level change in 2012 when the CIN-QI program

started; this result was not seen in patients with lower CKD
stages. In addition, our interrupted time-series analysis also
revealed a positive level change compared with the group
without educational intervention. We believe that a decrease
in “renalism”—the behavior of avoiding the use of contrast
media thatmay increase the risk of CIN orAKI in patients with
poor renal function—may have temporarily increased the rate
of contrast media use in these patients [24].

QI is a systematic approach to studying and improving the
provision of healthcare services to meet the needs of patients
and healthcare systems. It involves identifying a problem,
examining and applying solutions, and monitoring outcomes
for improvement [25–30]. QI seeks to ensure that medical
treatment is performed according to the highest level of
evidence, such as adherence with clinical practice guidelines,
and to identify and close the evidence–practice gap in clinical
medicine [31, 32]. Previous studies have shown that sustained
QI programs can reduce mortality after cardiac surgery and
nephrotoxic medication–associated AKI [33–35]. However,
the positive results associated with QI initiatives are often
due to the intense resources devoted to the project, which
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may have been achieved without a clear plan to maintain
the initiative after completing the project. The sustainability
of a QI program can only be achieved through the trusted
procedures that become part of the organizational culture [33,
36–38]. As a result of constructing a simple but robust and
effective CIN-QI program, we were able to maintain a high
program implementation rate for six years. Importantly, the
implementation rate of the CIN prevention protocol was eval-
uatedmonthly as a quality indicator.Within 1 year of initiating
the CIN-QI program, the implementation rate reached the
target of approximately 80%, which was maintained for the
remainder of the study period. Thus, a simple but multifaceted
approach to CIN prevention implemented by a trusted team
may contribute to a sustainable decrease in the incidence of
CIN.

This study has some limitations. First, a key assumption
of interrupted time-series analysis is that the intervention
occurred independently of other changes over time and that
other interventions, therefore, did not affect the outcome.
Given that we also showed the effects on contrast agent use
in patients with lower CKD stages, who were not targeted
by the electronic medical record alert of the CIN prevention
program, this suggests that other interventions likely affected
the outcome. In parallel with the main CIN prevention
program, we conducted educational activities and lectures to
decrease the unnecessary use of contrast media for all patients
at the hospital, including those with less severe CKD. We
believe that these activities had an effective and positive impact
on decreasing the incidence rate of CIN. Second, although
serum creatinine measurement is necessary to estimate the
incidence of CIN, several patients did not have their creatinine
levels measured after the CT despite being administered with
prophylactic saline hydration. If the increased number of
kidney function follow-ups after the CIN-QI program were
from lower risk groups, thiswould result in a lower incidence of
CIN. However, we found that the baseline serum creatine level
was higher in patients who were assessed after implementation
than those whowere assessed before the implementation of the
CIN-QI program. Furthermore, the sources and methods of
data collectionwere the same before and after our intervention,
the intervention itself did not affect the data collection, and
the primary endpoints were reliable and objectively measured.
As a sensitivity analysis was performed, we believe that this
selection bias will not significantly affect the results. Third, the
incidence of CIN was low. We suspect that there are several
reasons for this, including the development of low-damage
contrast media and appropriate prophylactic administration,
in addition to the fact that the incidence of CIN was generally
low in the first place. However, we believe that our findings
are clinically significant as there are reports that CIN leads to
irreversible AKI, which may require dialysis and significantly
impact healthcare economics [2, 39]. Fourth, this QI program
is resource-intensive owing to the need for nephrologists to
examine all patients and may not be generalizable to all
healthcare systems. However, we plan to reduce the need for
these resources by developing an algorithm to recommend
prevention orders according to patient risk, except in com-
plicated cases. Finally, we could not gather sufficient data on

the appropriateness of the contrast-enhanced CT ordered to
evaluate the effect of educational intervention on renalism.
However, we believe that an additional interrupted time-
series analysis on a non-intervention control group with eGFR
≥45 mL/min/1.73 m2 can enable us to evaluate the effect of
educational intervention. In addition, we believe that this study
offers important insights that may guide the development and
implementation of appropriate CIN prevention protocols for
patients at risk of CIN who are undergoing contrast-enhanced
procedures.

In conclusion, the incidence of CIN decreased in patients
who underwent contrast-enhanced CT after the implemen-
tation of a multifaceted approach in the CIN-QI program,
which included a CIN risk assessment tool as an automated
electronic medical record alert system for patients with
eGFR <45 mL/min/1.73 m2 and monthly QI monitoring and
feedback to physicians. These findings may help physicians
determine the safety of CT contrastmedia in high-risk patients
with CKD and ensure contrast-enhanced CT is performed
safely in this patient population.
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