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Acute kidney injury (AKI) is a known complication of patients undergoing cardiac

Published: E2 March 18,2020 catherization or Percutaneous Coronary Interventions (PCI), affecting up to 14% of
patients, and is associated with increased overall mortality and risk of cardiac events.
The Mehran score was developed to identify patients that are at risk for AKI after cardiac
Citation: Faisal R, Anamarys B, Michelle catheterization or PCI, but its use of contrast volume as part of the score calculation limits
N, Steven Q, Sai G, et al., Performance of a its application prior to the procedure. In this study, we evaluated the utility of a modified
Pre-Procedural Mehran Score to Predict =~ Mehran score that utilizes only pre-procedural data by excluding contrast volume. This
Acute Kidney Injury After Percutaneous  was done in a retrospective fashion using data from patients who received PCI at our
Coronary Intervention. Biomed ] Sci & Tech institution between July 2015 and December 2017 by evaluating the discriminative
Res 26(4)-2020. BJSTR. MS.ID.004391. ability of the scoring systems for predicting outcomes through a receiver-operator
characteristic curve analysis. We found that, despite a small loss in discrimination, there
was no difference in the four-category net discrimination index between the two scores.
The pre-procedural modified Mehran score is a useful clinical predictor of the risk of AKI
in patients undergoing PCI with a sensitivity of 95% for the low risk group and specificity
of 96% for the high-risk group. Due to the readily available risk score components it
allows for immediate identification of high-risk patients prior to PCI and application of

renal protective measures prior to the procedure at an appropriate and timely manner.
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Introduction

. ) o AKI related to contrast administration [9] and the Kidney Disease
More than two million cardiac catheterizations and percutane- . . L
) ) ) ] Improving Global Outcomes (KDIGO) published guidelines for AKI
ous coronary interventions (PCI) are performed in the United States . o . . . o
) ] ) o prevention, which include screening for patients at risk and initi-
each year [1]. Acute Kidney Injury (AKI) is a common complication

in these patients, affecting 3-14% of cases [2]. AKI after PCI is as-
sociated with increased mortality, increased risk of cardiac events,

ating volume expansion in those at high risk [10]. Multiple scores
have been developed to identify patients at risk for AKI after car-

diac catheterization or PCI. The Mehran score is one such scores
progression of chronic kidney disease (CKD), prolonged hospital . .
] ) ] that was developed and validated in 2004 [11]. One advantage of
stay, and higher healthcare costs [3-8]. The National Quality Forum . L . .
] ) . the Mehran score is ease of use; it is composed of eight variables
established a patient safety objective to reduce the prevalence of ) ] ) ]
with each having an integer score, the sum of which correlate to one
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of four levels of risk. However, its use of contrast volume in score
calculation limits its application before the procedure. Knowing
the risk prior to catheterization would allow upstream initiation
of renal-protective strategies and may decrease the rates of AKI. In
this study we evaluated the utility of a modified Mehran score that

utilizes only pre-procedural data.
Methods
Study Population

The NCDR CathPCI Registry is sponsored by the American Col-
lege of Cardiology (ACC) and the Society for Cardiovascular Angiog-
raphy and Intervention [12]. The registry includes data on patient
demographics, clinical presentation, procedures, treatments, out-
comes, and mortality associated with PCI. Variable definitions and
more information can be found at the ACC NCDR web site (http://
www.acc.org/ncdr/cathlab.htm). This is a retrospective study us-
ing data from patients who received PCI at our institution between
July 2015 and December 2017. Patients were excluded if they had
diagnostic catheterization without PCI. In addition, patients with
missing variables required to calculate the predictive scoring mod-
els, and patients on dialysis at the time of PCI were also excluded
from the analysis.

Definitions

The Mehran score incorporates 8 variables: hypotension, in-
tra-aortic balloon pump (IABP), Congestive Heart Failure (CHF),
age >75 years old, anemia, diabetes mellitus, contrast volume, and
serum creatinine >1.5mg/dl or Estimated Glomerular Filtration
Rate (eGFR) <60 ml/min/1.73 m2 [11]. The Acute Kidney Injury
Network (AKIN) definition of AKI was used - an absolute increase
in serum creatinine of 20.3 mg/dL or 21.5-fold from pre-PCI serum
creatinine. Pre-PCI serum creatinine was measured within the last
month of the PCI and post-PCI serum creatinine was measured up
to 30 days after PCI. Baseline serum creatinine was used to cate-
gorize patients into eGFR >60, 40-60, 20-40, or <20 ml/min 1.73
m2. eGFR in mL/min per 1.73 m2 was calculated using the MDRD
estimate of kidney function as 175 X Serum Creatinine-1.154 X age-
0.203 (X 1.212 if patient is black) (X 0.742 if female). Anemia was
defined using the World Health Organization definition of hemo-
globin <13g/dl for males and <12g/dl for females [13]. Hypoten-
sion was documented if the patient had cardiogenic shock within
24 hours prior to PCl and/or the use of peri-procedure Intra-Aortic
Balloon Pump (IABP). The pre-procedural Mehran score used the
same variables as the original, except for contrast volume which
was excluded. Hypotension was defined as a systolic blood pres-
sure less than 90 mm Hg for more than 30 minutes and/or cardiac
index below 2.2 L/min/m 2 secondary to cardiac dysfunction and/
or requirement of parenteral inotropes/vasopressors or mechani-

cal support including intra-aortic balloon pump, extracorporeal cir-

culation, ventricular assist devices to maintain blood pressure and

cardiac index above the levels.
Statistical Analysis

Baseline characteristics and outcomes were summarized by
frequency tabulation and means with standard deviations as appro-
priate. Discriminative ability of the scoring systems for predicting
outcomes was evaluated by receiver-operator characteristic curve
analysis. The Area Under the Receiver-Operating Characteristic
Curve (AUROC) was calculated and compared between the Mehran
score and the pre-procedural Mehran score using the DeLong test
[14]. Mehran score was categorized into 4 risk groups (low risk <6
points, Moderate risk 6-10 points, high risk 11-15 points, and very
high risk >15) based on the original study by Mehran et al [11]. Esti-
mates of sensitivity, specificity, and positive and negative predictive
values were calculated for each score. Comparison between risk
groups for each score was performed using the chi score test. All
statistical comparisons were 2 tailed, with value < 0.05 considered
statistically significant. The data analysis was performed using STA-
TA, version 13.0 (StataCorp, College Station, TX).

Results
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Figure 1: Comparison of the area under the receiver-
operating characteristic curve of the original vs
preprocedural Mehran score.

1.  AUROC was calculated using the DeLong test.

2. Removal of contrast volume from the Mehran score
resulted in a small loss of discrimination, 0.77 in original
Mehran score vs 0.76 in Modified Mehran score with a
p-value of 0.0126.

1511 patients were included in the study. A total of 70 (4.6%)
patients developed AKI. Baseline demographic and clinical char-
acteristics are included in Table 1. Calculation of the original and
pre-procedural Mehran score are outlined in Table 2. The original
Mehran score’s risk categories were low (score <5), moderate (6-
10), high [11-16], and very high (216). The pre-procedural Mehran
score categories were low (<2), moderate (3-8), high [8-12], and
very high (213). AKI risk within each category is described in Table
3. AKl risk was comparable within categories between both Mehran
scores. The risk of AKI in the low risk groups was 1.58% and 0.96%

Copyright@ Anamarys Blanco | Biomed ] Sci & Tech Res | BJSTR. MS.ID.004391.

20179


http://dx.doi.org/10.26717/BJSTR.2020.26.004391

Volume 26- Issue 4

DOI: 10.26717/BJSTR.2020.26.004391

in the original and pre-procedural Mehran groups, respectively.
The risk in the high-risk groups was 17.31% and 14.29%, respec-
tively (Table 3). The removal of contrast volume from the Mehran
score resulted in a small loss of discrimination as seen in Figure 1
(AUROC 0.774 vs 0.758, p= 0.0126 for the original Mehran and the

modified Mehran respectively). However, there was no difference in

Table 1: Demographic and clinical data.

the four-category Net Discrimination Index (NRI) (- 0.11, p=0.15)
between the two scores. Integrated Discrimination Index (IDI) for
the modified score was 0.0063 (p=0.001) indicating a small loss in
predictive accuracy. The pre-procedural Mehran score resulted in a
sensitivity of 95% for the low risk group (score < 2) and a specifici-
ty of 96 % for the high-risk group (score = 13).

Demographics

n (%)

Gender, Male

924 (61.15%)

History & Medical Conditions

Smoker 360 (23.83%)
Hypertension 1397 (92.46%)
Dyslipidemia 1302 (86.17%)

Prior Myocardial Infarction

520 (34.41%)

Prior Heart Failure

336 (22.24%)

Prior PCI

735 (48.64%)

Diabetes Mellitus

662 (43.81%)

Prior Coronary Artery Bypass Grafts

15 (0.99%)

Anemia

486 (32.16%)

Clinical Evaluation

Anginal class within the prior 2 weeks

No symptoms

21 (1.39%)

ccsl 13 (0.86%)
cesl 83 (5.50%)
cest 660 (43.71%)
CCSIV 733 (48.54%)

Heart failure within the prior 2 weeks

183 (12.11%)

Class 1 87 (47.54%)
Class II 48 (26.23%)
Class 11T 44 (24.04%)
Class IV 4 (2.19%)
Acute Coronary Syndrome 1024 (67.77%)

Cardiogenic Shock within 24 hours

12 (0.79%)

Cardiac Arrest within 24 hours

17 (1.13%)

Procedural Characteristics

Underwent PCI 1511 (100%)
IABP 15 (0.99%)
AKI 70 (4.64%)

PCI: Percutaneous Coronary Intervention; CCS: Canadian Cardiovascular Society classification

Table 2: Original vs Pre-procedural Mehran Score

Risk Factors Integer Score (Original) Integer Score (Pre-procedural)
Hypotension 5 5
IABP 5 5
CHF 5 5
Age > 75 years 4 4
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Anemia 3
Diabetes 3
Contrast media volume 1 per 100 cc N/A
Serum creatinine > 1.5 mg/dl 4
OR 2 for 40-60 2 for 40-60
eGFR < 60 ml/min/1.73 m"3 4 for 20-40 4 for 20-40
6 for <20 6 for <20

Table 3: Incidence of AKI in Mehran and Modified Mehran score categories.

Patients with AKI (Percentage of same-category population)

n=70

Mehran Category

Low risk (<5), n=633

10 (1.58%)

Moderate risk (6-10), n=559

26 (4.65%)

High risk (11-16), n=263

25 (9.51%)

Very high risk (216), n=52

9 (17.31%)

Modified Mehran Category

Low risk (£2), n=415

4(0.96%)

Moderate risk (3-8), n=713

26 (3.65%)

High risk (8-12), n=309

30 (9.71%)

Very high risk (213), n=70

10 (14.29%)

Discussion

In this study the performance of a modified preprocedural
Mehran score was comparable to the performance of the original
Mehran score. Mehran et al. reported a risk score for prediction of
CIN after PCI in 2004 which has become widely used [11,16-17].
The Mehran score has shown superior clinical utility and usabil-
ity compared to several alternatives [18-27]. Recent studies have
demonstrated the external validity of the Mehran score in popula-
tions from Spain, Japan, India, and those undergoing computed to-
mography imaging or transcatheter aortic valve implantation [28-
34]. Furthermore, the Mehran score was validated to predict CIN
in the setting of non-urgent PCI as well as primary PCI in patients
with acute myocardial infarction [33,35]. However, the inclusion of
contrast volume, which cannot be obtained until after the proce-
dure, limits the utility of this score as a predictor of AKI before the
procedure. Our study shows that the modified Mehran score that
excludes contrast volume can still be clinically useful in predicting
the risk of AKI. The incidence of AKI in our population was 4.6%,
lower than the incidence in the original Mehran study (13.1%).

This is likely due to the different definition used for AKI in our
study, change in contrast media since 2004, or advancements in
renal protective strategies in the 14 years between studies. How-
ever, our incidence of AKI is similar to other more recent studies
although the range of reported incidence has varied widely, from

3% to 19% [36]. This wide variation in reported incidences may be

due to single-center studies or studies that preceded the current
use of volume expansion protocols or iso-osmolar contrast agents
and as well as use of varying definitions of AKI [36]. The initial Meh-
ran study and subsequent validation studies looked at CIN, where-
as we looked at AKI. CIN was defined as an increase of 225% or
>0.5mg/dl from baseline creatinine. We used the AKIN definition
of AKI; an absolute increase in serum creatinine of 20.3 mg/dL or
>1.5-fold from pre-PCI serum creatinine. The AKIN definition for
contrast induced AKI provides a better accuracy in predicting long
term mortality than the CIN criteria and it has largely replaced the
CIN definition [37]. The original study also measured post-PCI cre-
atinine at 48 hours after the procedure, whereas our study counted
elevations in creatinine up to 30 days after the procedure. Applying
the original Mehran score with our definitions of AKI, the original
score performed better in our study with a c-statistic of 0.77 as
compared to a c-statistic of 0.67 in the 2004 study.

Our results show that despite a small loss in discrimination, a
pre-procedural Mehran score is a useful clinical predictor of the
risk of AKI in patients undergoing PCI with a sensitivity of 95% for
the low-risk group and specificity of 96% for the high-risk group.
The risk score components are readily available which allows for
immediate identification of high-risk patients prior to PCI. Identi-
fying high risk patients prior to the procedure allow institution of
renal protective measures before the procedure at an appropriate
and timely manner. According to multicenter quality improvement
intervention in 2014, withholding nephrotoxic medications, stan-
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dardizing fluid orders, and loosening nil per month restrictions,
mandatory procedure delays to ensure adequate volume status re-
duced the rate of AKI by 20% [38]. Once AKI is established, only
supportive measures are currently provided until renal function
improves, which leads to prolonged hospital stays, increased mor-
tality, and medical costs. Therefore, the best way to address this
complication is prevention. Using the pre-procedural Mehran score,
we can identify those considered high risk that are likely to develop
AKI and proceed accordingly prior to PCI.

Study Limitations

Firstly, this is a retrospective study. The results were based on
data gathered from a single institution with relatively small sam-
ple size, although similar sample sizes were used in the validation
studies of the original Mehran score. Definitions of AKI and hypo-
tension were also different from prior studies, as mentioned above.
Specifically, the original and subsequent validation studies used
CIN, whereas we looked at AKI. The original Mehran study defined
hypotension as systolic blood pressure less than 80 mmHg for at
least 1 hour requiring inotropic support with medications or IABP
within 24 hours peri-procedurally. Hypotension was noted in our
study only if the patient had cardiogenic shock within 24 hours pri-
or to PCI and/or the use of peri-procedure IABP.

Conclusion

In our study, we have found equivalent performance when ex-
cluding contrast volume from the Mehran score. These results are
relevant clinically, as now the Mehran score can be applied pre-pro-
cedure. Despite a small loss in discrimination, clinical utility has
been preserved in the pre-procedural Mehran score.

This research was supported (in whole or in part) by HCA Health-
care and/or an HCA Healthcare affiliated entity. The views expressed
in this publication represent those of the author(s) and do not nec-
essarily represent the official views of HCA Healthcare or any of its
affiliated entities.
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