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Abstract

Objective: CIN is the most common non-cardiac complication following coronary angiography, however risk-
stratification for CIN can be cumbersome. We hypothesize that a computer-based Kidney Injury Risk Tool (KIRT)
would assess contrast-induced nephropathy (CIN) risk accurately and may out-perform standard clinical estimation.

Methods: This was a prospective study of all-comers undergoing coronary angiography at a single institution.
KIRT is based upon an established risk model and risk factors were derived from the electronic medical records
using phenotyping rules. Operator reported and KIRT-derived risk factors were compared against adjudicated
ground truth obtained by a blinded investigator through chart review and accuracy of the risk model outputs were
compared. Operator’s assessment of risk without risk model vs. KIRT assessment were compared and analyzed
(Wilcoxon-test, and Spearman's correlation).

Results: A total of 132 patients consented for the study, 127 patients were included. KIRT-derived risk factors
out-performed or matched the operator-reported for most riskfactors (sensitivity and specificity>0.86). KIRT output
accuracy was higher than operator output: 79% vs. 76%. Mean operator-estimated CIN risk was lower than KIRT's
estimate: 9% vs. 17% (P<0.001, paired Wilcoxon test), and held true for both high and low risk patients.

Conclusion: KIRT has high accuracy in determining individual risk factors for CIN and identification of high-risk
patients, and operator-based risk for CIN over-estimated risk compared to KIRT.

Keywords: Contrast induced nephropathy; Coronary angiography;
Percutaneous coronary intervention; Coronary heart disease; Risk
model; Acute kidney injury

Introduction
Coronary heart disease is very common and potentially life

threatening, with the annual incidence of new events due to
myocardial infarction or coronary heart disease death of
approximately 660,000 with 305,000 recurrent events in the United
States [1]. Coronary angiography and percutaneous coronary
interventions (PCI) are the mainstays for diagnosis and treatment of
stable and unstable coronary syndromes with 1.4 million of these
procedures performed on the US Medicare population annually [2].
Contrast-induced nephropathy (CIN) is a well-recognized
complication of coronary angiography and PCI and occurs in 7-16% of
stable patients [3,4] and up to 28% in patients with acute coronary
syndromes [5]. CIN can be detected by a rise in serum creatinine
(S.Cr) within 24-48 hours following the procedure. Although many of
these rises have no immediate effect on the post-procedure course,
even mild CIN has been associated with longer hospital stays, higher
rates of re-hospitalization, higher rates of dialysis, and higher short-
and long-term mortality [6-11]. Although baseline chronic kidney

disease is a major risk factor for CIN, other clinical factors such as the
presence of advanced age, female gender, diabetes, peripheral arterial
disease and hypertension, presenting factors such as acute coronary
syndrome, shock, heart failure, anemia, need for hemodynamic
support and use of nephrotoxic medications, all factor in to the risk for
CIN [4,12]. There are established risk models that take into account
these factors for estimating CIN risk in individual patients. However,
variables other than S.Cr and estimate glomerular filtration rate
(eGFR) are not routinely used in busy clinical practices.

Once CIN is present, there is no medication or treatment strategy to
date to reverse it, however preventative strategies have been proven to
reduce risk of CIN. Reduction in contrast volume [13,14] and adequate
intravenous hydration strategies appear to be the best methods to
further reduce risk of CIN [3,15]. Contrast reduction can be done
safely by performing biplane angiography, staging the PCI, and even
using intravascular ultrasound for coronary and stent assessment to
avoid use of contrast for the PCI altogether [16]. Similarly, fluid
administration can be performed safely and effectively based on left-
ventricular filling pressures, tailoring the intravenous fluid volume
according to the individual patients’ hemodynamic state [3]. If CIN
risk were to be calculated manually in all patients undergoing cardiac
catheterization or PCI, it would be cumbersome and reduce efficiency
in the cardiac catheterization laboratory. Development of an
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automated CIN risk calculator available to the clinician performing
angiography or PCI, along with suggested CIN-reducing measures may
reduce CIN risk and its morbidity, mortality, and cost, while
maintaining an efficient cardiac catheterization laboratory. We have
developed computer software that assists the clinical user in
aggregating and processing clinical information from the electronic
medical record (EMR) and displays it for efficient and transparent
consumption by the busy clinician. We sought to see whether this
kidney injury risk tool (KIRT) is as reliable as standard clinical
estimation of risk for CIN, in patients undergoing cardiac
catheterization.

Methods

Patient population
This was a prospective, observational study of patients undergoing

coronary angiography at a single institution. Patients were considered
if they were undergoing coronary angiography and had a high
likelihood of requiring a PCI, according to the operator. Exclusion
criteria were presence of end-stage renal disease requiring dialysis and
inability to obtain consent. The local institutional review board
approved the protocol.

Study design
KIRT is a computer-based program used to determine likelihood of

CIN based on an established risk model [14] and extracting the
necessary variables from the EMR. The risk model provides a risk score
of CIN after a cardiac catheterization or PCI through 6 clinical risk
factors of age>75 years, anemia, congestive heart failure (CHF),
diabetes, hypotension, and abnormal eGFR; and two procedure-
specific variables: use of an intra-aortic balloon pump (IABP) and total
contrast media volume. The eGFR was calculated using the
Modification of Diet in Renal Disease equation recommended by the
National Kidney Disease Education Program, with additional
modifications if female and/or African American [17]. The presence of
each clinical factor holds an integer score and cumulative scores
(<5,6-10,11-16,>16) are translated into one of the four CIN risk
quartiles ranging from low, moderate, high, and very-high (7.5%,14%,
26.1% and 57.3% respectively). The risk factors and definitions for this
model are in Table 1.

Following cardiac catheterization, the operator was asked to
estimate risk for CIN, as well as to determine presence or absence
clinical and procedural factors required by the risk model outlined in
Table 1.

Risk Factor Definition Risk Points

Clinical Risk Factors

Advanced Age Age>75
Add 4, if advanced
age

Anemia Baseline hematocrit <39% for men and <36% for women Add 3, if present

Congestive heart
failure Advanced congestive heart failure: NYHA functional Class III or IV Add 5, if present

Diabetes Mellitus
Four Options [18]: FPG ≥ 126 mg/dL (7.0 mmol/L) or 2-hr PG ≥ 200 mg/dL (11.1 mmol/L) during OGTT (75 g) or A1c ≥ 6.5%
(48 mmol/mol)* or Random PG ≥ 200 mg/dL (11.1 mmol/L)

Add 3, if an option is
present

Hypotension
Systolic blood pressure <80 mmHg for at least 1 hour requiring medication or device support within 24 hour before or after
procedure Add 5, if present

eGFR (mg/dL)
Laboratory value derived from serum creatinine, gender, age and race and inputted into Levey MDRD formula [17]: 174 x
(SCr)-1.54 × (Age)-0.203 × (0.742 if female) × (1.12 if African American)

Add 6, if <20

Add 4, if 20-40

Add 2, if 40-60

Add 0, if ≥ 60

Procedure-specific Risk Factors

IABP Use of IABP during procedure Add 5, if used

Contrast (mL) Contrast volume
Add 1, for each 100
mL

NYHA: New York Health Association; FPG: Fasting Plasma Glucose; PG: Plasma Glucose; OGTT: Oral Glucose Tolerance Test; eGFR: Estimated Glomerular
Filtration Rate; MDRD: Modification of Diet in Renal Disease; SCr: Serum Creatinine; IABP: Intra-aortic Balloon Pump.

Table 1: Risk factors of the risk model for CIN with definitions and the contributing number of points.

For KIRT, individual risk factors were determined using
phenotyping rules applied to each patient’s EMR. The rules for
diabetes, CHF and hypotension were Boolean searches on one or more
of the following EMR data sources accessible to the KIRT: patient
demographics, problem list, medication list, and laboratory results. For

instance, the rule for diabetes would be positive if the patient’s problem
list contained a diabetes-related International Classification of
Diseases, 10th Revision (ICD-10) code, or if the patient’s medication
contained insulin standardized nomenclature code for pharmaceuticals
(RxNorm, U.S. National Library of Medicine, Bethesda, MA), or if the
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patient had an A1c value greater than 7%. Highly specific rules were
developed for diabetes in order to accurately capture the few patients
who had the conditions but were not included in a standard ICD-10.
For this reason we used a slightly higher threshold for A1c. As patient
vitals were not accessible to KIRT, the hypotension rules searched for
inotrope or vasopressor agents on the medication list. For CHF, New
York Heart Association (NYHA) functional class was not reliably
recorded in the patients’ problem list, and therefore rules were based
on ICD-10 and RxNorm codes associated with CHF. Each risk factor
had different detector lists of ICD-10 and RxNorm codes, where
applicable, that were created by combining externally available lists
and narrowing them down by the research team to enhance specificity.

Risk factors that did not require a clinical diagnosis (advanced age,
eGFR, anemia) were determined by searching demographics and
laboratory values. The procedure-specific variables of contrast and
IABP were determined at the end of procedure. The ground truth for
each risk factor was determined by an investigator blinded to the
results of the operator- and KIRT-determined risk factors, who
performed systematic chart review for each patient. The risk model
output was generated for each of the methods of deriving the risk
factors, with the KIRT output automatically generated.

Statistical Analysis
Baseline demographics were determined through descriptive

statistics. Accuracy metrics were calculated for each of the operator-
and KIRT-derived risk factors, with the ground truth serving as the
gold standard. Overall accuracy was determined when the operator-
and KIRT-derived factors were entered into the risk model and
compared to the output of the ground truth. Differences between the
operators’ mean reported risk with the risk model estimate was tested
by the Wilcoxon test for paired sample. The Spearman’s rank
correlation test assessed the correlation between the operator and the
risk model. Statistical analysis was done using the statistical computing
Software, R (Version 3.4.1, The R Foundation. University of Auckland,
New Zealand).

Results
There were 132 patients screened and 5 who met exclusion criteria,

leaving 127 patients available for analysis. Baseline clinical and
procedural characteristics are listed in Table 2.

The mean age was 66 ± 12 years, with 54% males, 54% African
American, 39% with diabetes, 35% with CHF. The mean SCr was 1.2 ±
0.5 g/dL, with 66% of patients having eGFR ≥ 60 mL/min/1.73 m2.
There were 35% undergoing PCI, and mean contrast use was 114 ± 66
mL.

Variable Patients (n=127)

Age (years), mean ± SD 66 ± 12

Age>75 25 (20%)

African American 68 (54%)

Male 68 (54%)

Diabetes Mellitus 50 (39%)

Congestive Heart Failure 44 (35%)

Hypotension 1 (1%)

Anemia 63 (50%)

Creatinine (mg/dL), mean ± SD 1.2 ± 0.54

Baseline eGFR <20 (mL/min/1.73 m2) 1 (1%)

Baseline eGFR 20-40 (mL/min/1.73 m2) 12 (10%)

Baseline eGFR 40-60 (mL/min/1.73 m2) 30 (24%)

Baseline eGFR ≥ 60 (mL/min/1.73 m2) 83 (66%)

Percutaneous coronary intervention 44 (35%)

Contrast amount (mL), mean ± SD (median) 114 ± 66 (100)

SD: Standard Deviation; eGFR: Estimated Glomerular Filtration Rate;
Hypotension defined as systolic blood pressure <80 mmHg.

Table 2: Baseline clinical and procedural characteristics.

The KIRT phenotyping rules and operator-derived risk factor
assessment were compared to the ground truth in Table 3.

Rules and Operators’ assessment versus the ground truth

Variables Sensitivity Specificity PPV NPV Accuracy

Advanced age 1.00/0.96 1.00/0.96 1.00/0.86 1.00/0.99 1.00/0.96

Anemia 0.98/0.73 0.94/0.78 0.94 /0.88 0.98/0.77 0.96/0.82

CHF 0.93/0.95 0.78/0.89 0.69/0.82 0.96/0.97 0.83/0.91

Diabetes 0.86/0.76 0.97/0.91 0.96/0.84 0.91/0.85 0.93/0.85

eGFR>60 0.93/0.93 1.00/1.00 1.00/1.00 1.00/0.99 0.99/0.99

Hypotension 0.00/1.00 1.00/0.98 1.00/0.33 0.99/1.00 0.99/0.98

PPV: Positive Predictive Value; NPV: Negative Predictive Value; CHF: Congestive Heart Failure; eGFR: Estimated Glomerular Filtration Rate.

Table 3: Accuracy metrics of the operator and rules assessments against the ground truth.
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Both the KIRT phenotyping rules and operator-derived risk factor
assessments had favorable accuracy metrics when compared with the
ground truth. KIRT performed within 0.05 points of operator-derived
risk factor assessment or >0.05 in most diagnoses and accuracy
metrics. The exception to this was the presence of CHF, where
specificity and positive predictive value were low with KIRT
phenotyping rules. The accuracy metrics for diagnosing hypotension

could not be accurately determined in this study due to a <1% rate of
occurrence in our patient population.

The CIN risk factors derived by KIRT and by operator assessment
were entered into the risk model to obtain the predicted risk of CIN,
and the resulting risk categorization were compared against that of
ground truth in Table 4.

Risk based on Ground Truth

 Variables Low (7.5%) Moderate (14%) High (26.1%) Very high (57.3%)

Risk based on Phenotyping rules-derived risk factors

Low 46 3 0 0

Moderate 8 28 5 0

High 0 4 16 0

Very high 1 0 6 10

 Variables Low Moderate High Very high

Risk Based on Operator-derived risk factors

Low 45 4 1 0

Moderate 10 26 8 0

High 0 5 17 2

Very high 0 0 1 8

Table 4: Impact of phenotyping rules reported risk factors and operators’ reported risk factors upon risk model prediction to the ground truth.

The accuracy of KIRT’s phenotyping rules in determining CIN risk
was 79% (100/127). There were 6% (8/127) who had an
underestimated risk of CIN and 15% (19/127) who had an
overestimated risk based on KIRT. Based upon the risk factors
determined by the operator the overall accuracy of reported CIN risk
was 76% (96/127). There were 10% (13/127), who had an
underestimated CIN risk and 14% (18/127) who had an overestimated
CIN risk. Further analysis of the overall predicted risk of CIN by the
KIRT phenotyping rules against the CIN risk perceived by the
operator’s standard of care are listed in Figure 1.

Figure 1: Comparison of CIN risk produced by KIRT against the
operators’ perceived risk. Overall mean underestimation of risk
perceived by the operators is evident in each risk category when
compared to estimation of KIRT.

The mean operator’s risk of CIN prediction of 9% was lower than
the KIRT’s 17% (P<0.001). The operators’ underestimated CIN risk
prediction holds true in each category for both high and low risk
patients (P<0.05). The two estimates were moderately correlated
(R2=0.3, P<0.001). Of the 127 patients, 43% (55/127) were classified as
low-risk and 57% (72/127) were moderate- to very high-risk.

Discussion and Conclusion
In our single-center study at an academic medical center, 57% of

patients were at moderate to very high-risk for CIN according to the
risk model, despite 66% of the patients having eGFR>60 mL/min/1.73
m2. In determining presence or absence of risk factors for the risk
model, phenotyping rules used in the KIRT, matched or outperformed
the operators’ ability in most accuracy metrics. When KIRT was
compared to operator-derived risk using the risk model, accuracy was
higher. Finally, when operators estimating risk without the model was
compared to KIRT, the operator-estimated risk consistently
underestimated risk of CIN.

When comparing our population to other studies of established risk
models for predicted risk of kidney injury development post
catheterization [4,14], our population was similar in age (66 vs. 63 and
65 years), male population (68% vs. 62% and 67%), and diabetes status
(35% vs. 31% and 36%). Unlike the prior studies, our population had a
high percentage of African Americans, CHF, and anemia. Although we
had a higher percentage estimated GFR>60 mL/min/1.73 m2 (66%),
our overall population resulted in a high percentage of patients in the
upper three quartiles defined by the Mehran study (57%).

In order to develop software to predict CIN using an established
model, we developed and tested the phenotyping rules. The model’s
risk factors of advanced age, anemia and eGFR could easily be
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retrieved from the demographic and laboratory results in the EMR,
explaining the near-perfect performance of accuracy metrics for these
derived risk factors from the KIRT phenotyping rules. The
phenotyping rules for diabetes had a good performance of (>0.86),
however CHF did not due to CHF being difficult to diagnose or often
is misdiagnosed [19], and not being recorded in a structured manner
in the EMR problem list. Specifically, the risk model classified CHF as
NYHA Class III or higher therefore we designed KIRT’s phenoltyping
rule differently for CHF with an attempt to not miss high-risk patients
and this resulted in high sensitivity and negative predictive value.
Similarly, since our data source did not contain patient vitals, we had
to rely on use of inotropes or vasopressor agents to define hypotension.
Only two patients had hypotension, which did not allow for the
performance of the hypotension rule to be reliably assessed. There is a
dependency between patient cohorts and their data source availability
and accuracy that may be overcome with newer iterations of the
software and its access to data feeds within the EMR.

We found 79% accuracy with classifying patients to their proper
quartiles using KIRT, compared to the 76% accuracy of the same
model using operator-derived risk factors. KIRT’s derived risk factors
from the phenotyping rules produced assessments of higher accuracy
compared to the risk factors reported by the operators. These outcomes
produced by KIRT supports a previous study [18] that noted an overall
improvement upon practitioner performance due to the assistance of
computer-assisted prevention tools that derived their outputs of risk
through EMR searches.

The 9% mean operator-predicted risk of CIN was significantly lower
than the 17% KIRT-predicted risk. The overall mean underestimation
perceived by the operator within each risk category demonstrates this
under-estimation of risk by operators is present in both low- and high-
risk patients. This underestimation may have been due to the
following: 1) In a busy clinical practice, operators may only take into
account easily-measurable factors such as eGFR or SCr, 2) As seen in
prior studies, SCr and eGFR in the current study was within normal
range for most patients [3,20,21] and 3) Difficulty in entering and
calculating risk due to the weighted risk factors in most models
[14,22].

To our knowledge, the KIRT is the first computer-based tool that
searches within the EMR for risk factors as based upon an established
risk model for determining the likelihood of CIN development due to
the cardiac catheterization. This allows for the established risk model
to be used efficiently by clinical personnel. Through tight integration
within the catheterization laboratory monitor device infrastructure,
the risk score information can be shown during intervention. Based
upon the KIRT’s high accuracy metrics for the validation of the
phenotyping rules, input into the risk model and coverage of high-risk
patients, may be used to provide real-time guidance needed for the
proper prevention techniques to our cohort. The addition of a care
management model as outlined in a previous study [23] may be
beneficial with the integration and application of KIRT. The risks of
CIN determined by KIRT can help physicians communicate these
factors to care managers, who can ensure the patient is making an
informed consent to the procedure and ultimately achieves better
coordination of care. An expansion upon prevention strategies as
based upon the POSEIDON randomized control trial with a patient
population of inclusion criteria similar to our cohort, (eGFR of 60
mL/min per 1.73 m2 or lower, age 18 years or older, and one of
following: diabetes, history of CHF, hypertension, and age>75) will be
included into the KIRT assessment. The left ventricular end-diastolic

pressure-guided fluid administration from this study has proved to be
an effective approach with the reduction of CIN risk and reduces long-
term mortality. Further study into prospective use of this tool is
warranted.

The limitations of our study included the small sample size, which
affected the overall assessment of the validation of the phenotyping
rules for less prevalent risk factors, such as hypotension. However, for
future application, a bigger sample size can further define the
validation for the accuracy of the derived risk factors from the
phenotyping rules. Another limitation was that the Mehran model was
developed during an era using high contrast doses and before routine
use of low or iso-osmolar contrast medium. Therefore KIRT may over-
estimate risk but this can allow for high-risk patients that may not be
obvious to receive prevention strategies. Also, the specific type of
contrast was not differentiated in the model. To date, there is no study
demonstrating superiority between iso or low osmolar contrast agents,
which are the only types of contrast agents used in modern practice.
This was a pilot study at a single center using one EMR vendor (Epic
2015, Verona, Wisconsin). In order to make this more generalizable,
the study must be constructed on multiple platforms. In addition, only
half of the patients underwent intervention, and the Mehran model
was used for patients that underwent intervention only. The main
difference between PCI and diagnostic procedures is the contrast dose
and a change in hemodynamics during the procedure. Future
application of this tool will be in patients with a very high likelihood of
intervention. Concomitant medications were not accounted for in this
study, however best medical practices eliminate nephrotoxic
medications in patients being considered for cardiac catheterization.
Future analyses should account for this possible confounder. Lastly, the
number of patients with advanced chronic kidney disease; defined by
GFR <40 mL/m was minimal. Despite this, the Mehran risk model
prediction was moderate to high in many of these patients,
emphasizing the need of real-time CIN predictor tools.

In conclusion, KIRT has high accuracy in determining individual
risk factors for CIN and identification of high-risk patients, and
operator-based risk for CIN over-estimated risk when compared to
KIRT. Future studies are needed to determine the efficacy of KIRT in
helping physicians prevent CIN prospectively by targeting prevention
strategies to high-risk patients.
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