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Abstract
Background: Contrast-induced acute kidney injury (CI-AKI) is an important cause of
increasing the hospital stay and in-hospital mortality. By increasing intra-renal vasoconstriction,
left ventricular ejection fraction (LVEF) can increase the risk of CI-AKI. We sought to investigate
whether LVEF can impact the incidence of CI-AKI after cardiac catheterization and whether it can
be used to predict CI-AKI.
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Methods: Patients underwent cardiac catheterization from December 2017 to February
2018 at Jersey Shore University Medical Center were enrolled in the study. Contrast-induced
acute kidney injury (CI-AKI) was defined as an increase in serum creatinine of ≥ 0.5 mg/dL or an
increase of ≥ 25% from the pre-procedure value within 72 hours post-procedure. The maximum
allowable contrast dose was calculated using the following formula: (5* (weight (kg)/creatinine
level (mg/dL)). A multivariable logistic regression analyses, controlling for potential confounders,
were used to test associations between LVEF and CI-AKI.
Results: 9.6% had post catheterization CI-AKI. A total of 18 out of 44 (44%) of patients who
had CI-AKI also had ongoing congestive heart failure. No statistically significant association
found neither with maximum allowable contrast (p = 0.009) nor ejection fraction (p = 0.099) with
the development of CI-AKI.
Conclusion: In spite of the fact that no statistically significant relationship found between
the percentage maximum contrast dose and the ejection fraction with the post-procedure CI-AKI,
we heighten the essential of employing Maximum Allowable Contrast Dose (MACD) and ejection
fraction in patients undergoing PCI to be used as a clinical guide to predict CI-AKI.

Introduction
Contrast-induced acute kidney injury (CI-AKI) is an
important consequential complication following the use of
iodinated contrast that ultimately lead to an increase in the
length of hospital stay, expenditures and in-hospital mortality
[1,2]. Given the rapidly growing number of percutaneous
coronary interventions, the number of patients exposed to
iodinated contrast has been dramatically increased.
Myocardial ischemia is a major etiology of heart failure and
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patients undergoing percutaneous coronary interventions
have high prevalence of heart failure [3]. Simultaneously,
volume expansion with intravenous luids prior to coronary
angiography have been shown to have a protective effect
on the kidneys which is a challenging task in patients with
concurrent heart failure [3].
Left ventricular ejection fraction (LVEF) is the most
frequently used parameter to evaluate cardiac function in
patients with heart failure. Because low EF can induce intrarenal vasoconstriction, reduced ejection fraction can serve
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as an independent risk factor for CI-AKI [4]. Nonetheless, the
association between LVEF and contrast induced AKI is still
controversial. Therefore, we sought to investigate whether
the LVEF can impact the incidence of CI-AKI in patients
undergoing cardiac catheterization.

Methods and Definitions
This study is a retrospective analysis of patients who
underwent cardiac catheterization from December 2017 to
February 2018 at Jersey Shore University Medical Center.
We included all adults age > 18 years who underwent either
elective or emergent cardiac catheterizations.
Demographic characteristics, comorbidities, baseline
renal functions, left ventricular ejection fraction, estimated
glomerular iltration rate (eGFR; calculated by CKD–EPI
creatinine equation) were recorded. Institutional review board
approval was obtained for this study. All study procedures
were carried out in accordance with the Declaration of
Helsinki regarding research involving human subjects.
For the purposes of this study, contrast-induced acute
kidney injury was de ined as an increase in serum creatinine
of ≥ 0.5 mg/dL or an increase of ≥ 25% from the pre-procedure
value within 72 hours post-procedure. The maximum
allowable contrast dose was calculated using the following
formula: (5* (weight (kg)/creatinine level (mg/dL)) [5].
The percentage of the maximum allowable contrast dose
used in each procedure was calculated by dividing the contrast
volume used by the estimated maximum allowable contrast
dose. The change in creatinine was calculated by subtracting
the pre-procedure creatinine level from the maximum
creatinine value obtained within 72 hours post-procedure. To
maintain directionality of the change, absolute values were
not used.
The distribution of continuous variables including age,
percentage of the maximum allowable dose of contrast used,
and creatinine difference were examined using median, mean,
standard-deviation and inter-quartile range, as appropriate.
Chi-square test, or Fisher exact test was used, as appropriate,
to test associations between categorical variables. The
Wilcoxon rank-sum test was used to test non-parametric
associations when indicated. Pearson’s correlation was used,
as appropriate, to test the strength and direction of linear
relationships between continuous variables. Multivariable
logistic regression analyses, controlling for potential
confounders, were used to test associations. All statistical
tests were two-sided, and a p value of ≤ 0.05 was considered
statistically signi icant. All statistical analyses were performed
using SAS 9.4 (SAS Institute, Cary, NC).

Results
A total of 457 patients who underwent cardiac
catheterization were included in this study. Of these, 44 patients
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(9.6%) had post-procedure contrast-induced nephropathy.
Baseline characteristics of the patients are shown in table
1. Patients who developed contrast-induced AKI were more
likely to be female (p = 0.043), previous myocardial infarction
(p = 0.028) and to have had a prior diagnosis of renal
impairment (p = 0.049). Only Baseline clinical characteristics
between the two groups were otherwise similar. 18 out of 44
(40%) of patients who developed AKI had ongoing CHF. Based
on ejection fraction, no statistically signi icant difference
encountered in the incidence of CI-AKI (Table 2).

Maximum allowable contrast & contrast-induced AKI
A statistically signi icant, but weakly negative correlation
was observed between the percentage of the maximum
allowable contrast dose administered and change in creatinine
Table 1: Demographic Characteristics of the patients (n = 457).
Contrast-Induced AKI
Present
(n = 44)

Absent
(n = 413)

p - value

Age (years) (median ± IQR)

69.03 ± 16.97

69.58 ± 18.12

0.641

Female

47.73 (21/44)

31.96 (132/413)

0.043

Diabetes mellitus

40.91 (18/44)

36.08 (149/413)

0.527

Hypertension

90.91 (40/44)

86.20 (356/413)

0.382

Dyslipidemia

81.82 (36/44)

79.42 (328/413)

0.707

Previous PCI

25.0 (11/44)

36.80 (152/413)

0.148

PCI

45.45 (20/44)

59.81 (247/413)

0.066

Previous myocardial infarction

11.4 (5/44)

26.15 (108/413)

0.028

Previous CABG

4.55 (2/44)

13.32 (55/413)

0.145

Previous CHF

25.0 (11/44)

14.77 (61/413)

0.084

Current CHF

40.91 (18/44)

31.72 (131/413)

0.238

NYHA Class
1
2
3
4

77.27 (34/44)
13.64 (6/44)
2.27 (1/44)
6.82 (3/44)

85.47(353/413)
5.33 (22/413)
4.84 (20/413)
4.36 (18/413)

Peripheral vascular disease

11.36 (5/44)

13.08 (54/413)

1.000

Renal impairment

13.64 (6/44)

5.57 (23/413)

0.049

Table 2: Relation of LVEF and CI-AKI.
Contrast induced- AKI
LVEF (%)
≤ 50%
> 50%

Present (37)

Absent (322)

51.35 (19/37)

37.27 (120/322)

48.65 (18/37)

62.73 (202/322)

p - value
0.099
1.000
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Figure 1: Comparison in the percentage of Contrast induced nephropathy between
female, previous PCI, LVEF less than 50% and more than 50%.
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(coef icient of correlation, r = -0.122; p = 0.009). Multivariable
logistic regression controlling for age, gender, diabetes mellitus,
prior renal insuf iciency and prior MI showed no statistically
signi icant relationship between percentage maximum contrast
dose and post-procedure AKI (p = 0.352).

Discussion
Iodinated contrast can induce several renal hemodynamic
changes and alter the renal tubular function. Vasoconstriction
of the intrarenal vasculature is the main hemodynamic changes
that can lead to renal medullary necrosis [6-10]. Additionally,
vasoconstriction can also activate renin-angiotensin system
with increase production of reactive oxygen species (ROS)
[8]. The production of ROS can alter the regulation of renal
tubular transport and magnify the renal hypoxia. Heart failure
characterized by low EF is capable of inducing a state of low
renal perfusion and over activation of the renin-Angiotensin
system, theoretically aggravating the tubular injury from
contrast. Our study did not support this hypothesis as no
statistically signi icant difference was found in group with low
EF (EF < 50%) when compared with normal EF (EF > 50%)
(Figure 1).
Despite the controversial association between LVEF and
CIN, LVEF is still considered one of the most broadly used
measurements to evaluate for cardiac functions associated
with hemodynamic instability, and consequently causes
inadequate renal perfusion. An observational study done on
386 patients undergoing PCI, patients with declined LVEF
had signi icantly higher rate of CIN compared with those with
LVEF 45% (14.4% vs 5.7%; p = 0.02). Additionally, declined
LVEF was an independent predictor of CIN [11]. However,
studies conducted by Kurtul, et al. and Barbieri, et al. showed
an opposite effect after adjusting for several confounders [10].
As observed in all the above-mentioned studies, only a small
number of patients with HF were included, and consequently,
those studies were unable to analyze the association between
LVEF and CIN. Furthermore, HF, as an important risk factor of
CIN, was not included in the multivariate analysis. In contrast,
our study included suf icient patients with HF and adjusted
for the potential confounders to investigate the association
of LVEF with CIN following CAG/PCI (Spell out CAG. You are
using this for the irst time here).
The MACD equation currently used to determine the
threshold for safe contrast use, was initially developed by
Cigarroa and colleagues [12]. It is calculated by: 5 (mL) of
contrast per Kg of body weight / baseline serum creatinine
(mg/dL). Cigarroa found that CI-AKI developed in only 2%
of patients that had contrast exposure under the calculated
threshold, but 38% of patients receiving contrast over the
MACD developed CI-AKI [12]. Moreover, other studies have
showed similar results, demanding that exceeding the MACD
had a signi icant risk of developing nephropathy [13,14]. In
our study, a multivariable logistic regression controlling for
Published: November 15, 2019

common confounders showed no statistically signi icant
relationship between percentage maximum contrast dose
and post-procedure AKI likely due to inadequate power and
smaller difference between the groups than was expected.
Studies have reported that both elderly and very young
patients are particularly disposed to develop CI-AKI [15,16].
Pre-existing kidney disease is a major risk factor for CI- AKI
[16]. Additionally, exposure to nephrotoxins is associated
with CI-AKI. Other traditional risk factors include: diabetes
mellitus, hypertension, cardiovascular disease, chronic liver
disease, and chronic obstructive pulmonary disease [18].
Unlike those studies, our study also showed that females are
possibly more susceptible to CIN than males.
We acknowledge several limitations of our study. This
was a single-center, retrospective, and non-randomized
observational study. Because our data was collected from
a single medical center, further studies are required from
other medical centers to con irm the results. Our study was
not accurately able to measure pre-procedure prophylaxis
including intravenous luid or other prophylactic measures.
The study captured pre- and post-PCI serum creatinine values.
However, the length of hospital stay was not enough to assess
the long term effect of iodinated contrast, and some of the
patients might not have CI-AKI at the time of the discharge.
Despite conducting multivariable analysis and propensity
matching to negate any possible confounders, there might be
some immeasurable factors.

Conclusion
In spite the fact that we found no statistically signi icant
relationship neither with percentage maximum contrast dose
nor ejection fraction with post-procedure AKI, we accentuate
the prerequisite of employ the MACD and ejection fraction in
patients undergoing PCI to be used as a clinical guide for the
procedure. We also recommend adequate hydration, lessens
the contrast volume, and discussing the clinical bene its of
using iso- and low osmolar contrast. Further studies need to
be done regarding the impact of using contrasts with different
osmolarity on preventing contrast induced AKI.
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