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Abstract-

Objective/Aim: The objective of this research was to evaluate the
potential reasons of CI-AKI among individuals who are receiving
coronary angiography.

Background: The occurrence of acute renal failure after coronary
angiography and percutaneous coronary intervention (PCI),
known as contrast induced nephropathy, often leads to extended
hospital stays and poorer outcomes. This investigation aimed to
identify the multiple risk factors contributing to contrast induced
nephropathy among patients receiving PCI.

Materials and Methods: The investigation was a prospective,
descriptive analysis that took place at the Sheikh Mohammad Bin
Zayed Al Nayhan Institute of Cardiology Quetta, focusing on 210
patients who underwent coronary angiography. The study
employed a checklist to gather information, and Chi-square and
regression analyses were employed to identify the risk factors
associated with Cl AKI.

Results: Regarding the gender of the patients, 141 (67.1%) were
male and 69 (32.8%) were female. In terms of age, the majority of
patients were in the 40-60 age group, accounting for 172 (81.9%)
patients. The mean age of the patients was 61.6 + 11.6 years. The
use of nephrotoxic drugs was common among the patients, with
202 (96.1%) using NSAIDs, 138 (65.7%) using ACEls, 34
(16.1%) using ARBs, and 30 (14.2%) using diuretics.

The results suggest that Diabetes has a strong positive association
with the outcome (OR=16.158), while Type of coronary
angiography and Volume of contrast media also appear to have
significant positive associations with the outcome (OR=2.281 and
OR=2.086, respectively).

Conclusion: Patients undergoing coronary angiography are
considered to have the main risk factors for developing Cl AKI.
Keywords: Coronary angiography, contrast-induced
nephropathy, renal insufficiency

I. INTRODUCTION

Coronary artery disease (CAD) is a health condition marked by
obstruction of the blood flow to the heart as a result of plaque
buildup, blood clots, or constriction of the arteries. This can result
in a reduction in the quantity of oxygenated blood that reaches the
heart tissue, leading to myocardial ischemia. If not addressed and
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worsens or continues for an extended period, it may lead to the
demise of heart muscle cells.*

Chronic Kidney Disease (CKD) is strongly linked to Coronary
Artery Disease (CAD), with a prevalence that ranges from 23% to
46%.2Patients with CKD are at a heightened risk of developing
CAD compared to the general population.“’5 CAD is also
responsible for over 50% of deaths that result from end-stage renal
disease (ESRD).6 Poor kidney function is associated with an
increased likelihood of premature death, cardiac events, and
hospital admissions.” Contrast induced nephropathy (CIN) is a
type of acute kidney failure that can occur following coronary
angiography and percutaneous coronary intervention (PCI),
leading to prolonged hospital stays and worse outcomes.® CIN is
identified by the sudden occurrence of kidney dysfunction within
one to three days following the introduction of iodinated contrast
agent, and typically resolves on its own, though certain individuals
may necessitate dialysis.9 With the emergence of coronary
angioplasty, there has been a growing inclination toward PCI,
leading to a reduction in CABG. Around 1.4 million
catheterization interventions are conducted in the United States
annually.10 Both coronary angiography and PCI require the use of
contrast agent during the procedure, which is a frequent trigger for
cint

The CIN factor is frequently accountable for AKI acquired within
hospital premises, and leads to a higher incidence of cardiac events
such as myocardial infarction and coronary interventions.*2
Additionally, it contributes to various complications within the
hospital setting, including bleeding, transfusions, vascular issues,
and increased rates of morbidity and mortality.13

Coronary artery disease (CAD) is a major cause of death on a
global scale and continues to significantly impact morbidity,
mortality, and healthcare expenses.14 CAD is currently
categorized into two types: chronic coronary syndrome (CCS) also
known as stable angina, and acute coronary syndrome (ACS),
which is further subcategorized into non-ST segment elevation
ACS (NSTACS) and ST-segment elevation ACS (STACS).™®
Treatment of CAD varies depending on several factors, including
the type of ACS or CCS, the extent of coronary obstruction, and
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the onset of symptoms. Treatment options may involve immediate
reperfusion through thrombolytic therapy or percutaneous
coronary intervention (PCI), antiplatelet and anticoagulant
medications, and in some cases, coronary artery bypass grafting
surgery may be considered as a viable treatment option.16
Coronary angiography entails injecting contrast medium
intravascularly to inspect blood flow in the coronary arteries.
Contrast medium usage can result in severe acute Kidney injury

(AKI), referred to as contrast-induced AKI (CI—AKI).17 CI-AKl is
the third most prevalent cause of iatrogenic AKI and has been
linked to an elevated risk of grave adverse events like renal failure,
stroke,*® myocardial infarctions, and death. Even slight increases
in serum creatinine have been associated with more extended
hospital stays and higher expenses. According to records, CI-AKI
occurrences vary between 3% and 50%, based on demographics
and risk factors.®® The risk of CI-AKI is lower in people with
normal renal function, but it rises in those with one or more risk

factors. 2 Currently, no research has been conducted to investigate
the incidence and risk factors of CI-AKI in Pakistani patients.
Thus, this study is aimed at evaluating CI-AKI in our population
that undergoes coronary angiography.

Il. MATERIAL AND METHODS

The investigation was a prospective and descriptive study that
took place at the Sheikh Mohammad Bin Zayed Al Nayhan
Institute of Cardiology in Quetta for six months, focusing on
patients receiving percutaneous coronary angiography (PCA).
The individuals involved in the research underwent PCA at Sheikh
Mohammad Bin Zayed Al Nayhan Hospital throughout the study
period. A comprehensive coverage method was employed,
considering the inclusion and exclusion parameters. All patients
admitted for a solitary coronary angiography were incorporated,
but those undergoing multiple coronary angiographies were
omitted from this study.

A predetermined list was utilized to collect information, which
included details about patients' demographics like their age and
sex. The next part covered clinical features, such as the type of
other illnesses and medications given to the patient at the same
time. The third section focused on the kind of coronary
angiography that was performed (either for diagnosis or
intervention) and the type and amount of dye used. The fourth
segment was concerned with measuring serum creatinine (SCr)
levels upon admission and for three consecutive days after the
coronary angiography to establish a baseline.

Statistical Analysis

The information was analyzed utilizing IBM's Statistical Package
for the Social Sciences (SPSS), version 23.0. The frequency tables
displayed the amounts and proportions of the research factors. The
statistical differences were assessed using the Chi square
examination, and a logistic regression study was conducted to
establish the risks associated with the development of CI-AKI. A
P-value of < 0.05 was regarded as a signal of statistical
importance.
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I1l. RESULTS

Table 1 provides information about the demographic profile,
patient presentation, comorbid diseases, and the use of
nephrotoxic drugs in a group of patients. The data are presented in
number and percentage format, which allows for easy
interpretation of the information.

Regarding the gender of the patients, 141 (67.1%) were male and
69 (32.8%) were female. In terms of age, the majority of patients
were in the 40-60 age group, accounting for 172 (81.9%) patients.
The mean age of the patients was 61.6 + 11.6 years.

In terms of patient presentation, 108 (51.4%) had STEMI, 91
(43.3%) had NSTEMI, and 11 (5.2%) had unstable angina. The
most common comorbid disease was hypertension, accounting for
101 (48.0%) patients, followed by diabetes mellitus, accounting
for 75 (35.7%) patients.

Regarding baseline serum creatinine levels, 141 (67.1%) patients
had levels in the range of 0-1.3 mg/dl, while 56 (26.6%) had levels
in the range of 1.4-1.9 mg/dl, and 13 (6.2%) had levels of >2
mg/dl. The mean baseline serum creatinine level was 1.34 + 0.41
mg/dl.

The use of nephrotoxic drugs was common among the patients,
with 202 (96.1%) using NSAIDs, 138 (65.7%) using ACEls, 34
(16.1%) using ARBs, and 30 (14.2%) using diuretics.

Finally, the development of CI-AKI occurred in 65 (30.9%)
patients, while 145 (69.0%) did not develop CI-AKI.

Overall, this information can provide valuable insights into the
patient population and their risk factors for developing CI-AKI.

Table 1: The study sample's usage of kidney-
damaging drugs, as well as their sociological,
demographic, and medical features, were examined.
(n=210)

Demographic profile |  Number Percentage

Gender

Male 141 (67.1%)

Female 69 (32.8%)

Age (Years)

<40 4 (1.9%)

40-60 172 (81.9%)

61-70 23 (10.9%)

>70 11 (5.2%)

Age, mean + SD (years 61.6+11.6

Patient presentation (CAD)

ST-segm.ent_eIevat'lon 108 (51.4%)

myocardial infarction

non-ST-segment

myocardial 91 (43.3)

infarction

Unstable angina 11 (5.2

Comorhbid diseases

Diabetes mellitus 75 (35.7)

Hypertension 101 (48.0)

Baseline serum creatinine (mg/dl)

0-1.3 141 | (67.0)
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1.4-1.9 56 (26.6)
>2 13 (6.2)
serum creatinine, mean =

SD (mg/dI) 1.34+£041

Use of nephrotoxic drugs

non-steroidal anti-

inflammatory drugs 202 (96.1)
angiotensin-converting 138 (65.7)
enzyme inhibitors

angiotensin

receptor blockers 34 (16.1)
Diuretics 30 (14.2)
Development of CI-AKI

Yes 65 (30.9)
No 145 (69.0)

Table 2 provides the frequency and percentages of different
variables related to coronary angiography.
Regarding the "Type of coronary angiography,” out of the total
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The results suggest that Diabetes has a strong positive association
with the outcome (OR=16.158), while Type of coronary
angiography and Volume of contrast media also appear to have
significant positive associations with the outcome (OR=2.281 and
OR=2.086, respectively).

In contrast, Gender, Age, Use of NSAIDs, Use of ACElIs, Use of
ARBs, and Use of diuretics do not appear to be significantly
associated with the outcome.

It is important to note that p-values and Cls should be interpreted
in conjunction with the estimated coefficients and ORs to
understand the magnitude and direction of the associations.
Additionally, these results are based on the specific sample and
population used in the analysis and may not be generalizable to
other settings. (Table 3)

Table 3 Foreseeing the likelihood of contrast-
induced acute kidney injury in the patient via a
binary logistic regression examination, which
examines their risk factors. (n = 210).

sample of 210 patients who underwent angiography, the majority - - 95% CI for OR
(123, 58.5%) received percutaneous coronary intervention, while | Characteristics | Coefficient | P-value | OR =0 == o
::he rﬁmain!ngl8l7'_l(_4l.4°/]n2) underwentdqia'gnlolsztifoangi_ography.. . Gender —0.242 0416 | 0426 | 0300 | 1487
Vatiable & 1009 : e p g Diabetes 2627 | 0001 | 16.158 | 5.661 | 32.854
Finally, the "Volume of injected contrast media” variable shows | Patient -
that the majority of patients (80, 38.0%) received a volume of 100- | Presentation 0.331 0330 | 1.336 | 0613 | 219
199 ml, followed by 56 patients (26.6%) who received a volume (CAD) _
of 200-299 ml. A total of 46 patients (21.9%) received less than | Hypertension 0.412 0226 | 1.546 | 0.725 | 2.310
100 ml, and 28 patients (13.3%) received a volume of 300 ml or Base!"?e serum 0.235 0120 | 0607 | 0514 | 1.301
more. creatinine
Use of NSAIDs —0.382 0.672 0.418 0.513 2.721
Table 2: Varieties of coronary angiography and the | Use of ARBs 0.546 0325 | 0172 | 0.5471 | 2.617
kind and amount of infused contrasting agents (n = | Use of ACEls —0.175 0241 | 0507 | 0.735 | 1.542
210) Use of diuretics 0.181 0.350 0.534 1.230 3.187
Type of coronary
. 0.761 0.026 2.281 1.157 4.701
Characteristics Number Percentages 3,ng|lograp?y
olume o
Type Of Coronary ang|og raphy contrast media 0.631 0.001 2.086 1.230 3.063
Diagnostic 87 (41.4)
Percutaneous coronary
intervention 123 (58.5) IV. DISCUSSION
. CI-AKI has gained more attention since angiography technology
Type of contrast media has been widely used to manage CAD patients due to its link to
lohexol 210 (100) increased morbidity and mortality.!” According to the present
. : investigation, the frequency of CI-AKI (31.9%) was greater in
Volume of injected contrast media (ml) individuals who received coronary angiography compared to
<100 46 (21.9) earlier research conducted in China (7.2%), Austria (10.2%), and
Canada (12.7%).2%22 In this study, 67.1% of patients were male,
100-199 80 (38.0) and men are known to have a higher incidence of cardiovascular
disease than women of similar age.?® However, previous research
200-299 56 (26.6) has reported that women with CAD have poor prognoses and
>300 28 (13.3) higher cardiovascular risk factors.?* Surprisingly, this study found
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no significant association between gender or age and AKI
development,? which contradicts previous studies that reported a
significantly higher incidence of CI-AKI in females and elderly
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patients (age >70 years).!® The reason for this dispute could be
attributed to the limited sample size in contrast to other research
or may be linked to genetic diversity. The precise process
underlying CI AKI is not entirely comprehended. Numerous
processes could be implicated in the development of kidney injury,
such as constriction of renal arteries, renal ischemia, obstruction
of tubules, inflammation, and initiation of oxidative stress.?
Numerous clinical features, such as diabetes mellitus, high blood
pressure, and STEMI manifestation, have been associated with the
development of CI-AKI.?7

In individuals with diabetic nephropathy, the occurrence of AKI
episodes is correlated with an increased probability of developing
serious chronic kidney ailments.? Furthermore, these patients are
more susceptible to tubular damage resulting from iohexol.?® Our
research indicates a notable connection between diabetes mellitus
and the emergence of CI-AKI, which is consistent with previous
investigations.'** Nevertheless, hypertension and CAD display
are not related to the emergence of CI-AKI, which goes against
prior research where STEMI presentation was the most strongly
associated factor with CI-AKI development.®! The simultaneous
use of medications can be linked to the development of CI-AKI by
causing harm to the renal tubules and disrupting blood flow in the
kidneys due to the contrast agent.®> Certain drugs like ACEls,
ARBs, diuretics, NSAIDs, and metformin have been shown to
heighten the risk of CI-AKI in individuals undergoing coronary
angiography, and it may be beneficial to stop taking these
medications before receiving the contrast medium to prevent CI-
AKI.%

Nevertheless, the current study discovered no notable correlation
between the usage of NSAIDs, renin-angiotensin system
inhibitors, and water pills and CI-AKI. In opposition to prior
investigations that proposed ACEIs may add to CI-AKI, especially
in individuals with pre-existing renal issues,43* a recent research
conducted by Abdalla and colleagues in 2022 demonstrated that
diuretics may elevate the risk of CI-AKI by diminishing renal
blood flow and amplifying the toxicity caused by the contrast
agent.3® Coronary angiography can serve both diagnostic and
therapeutic purposes, such as PCI.36 In this research, the
utilization of coronary angiography for PCI was linked to a higher
incidence of CI-AKI,*337 which is similar to findings from other
studies that suggest a PCl-related risk for CI-AKI. This could be
attributed to variations in procedure-specific features, such as the
type of catheter, stent, and intra-aortic balloon pump.®
Furthermore, because preventive measures are limited, CI-AKI
was predominantly observed in patients undergoing emergency
PCI procedures, rather than selective PCI procedures.?> The
hospital solely has lohexol as the available contrast agent, hence
all subjects of the research were administered with it. lohexol is a
contrast agent with three iodine atoms and is non-ionic. It has a
vast distribution volume, and over 90% of it is expelled unchanged
via the glomerular filtration in the initial 24 hours. Thus, extreme
caution must be taken while administering lohexol to patients with
severe renal dysfunction.?® Furthermore, dehydration is hazardous
and may lead to acute renal failure in vulnerable nondiabetic
patients, diabetic patients, and patients with advanced vascular
disease. Consequently, it is crucial for patients to be adequately
hydrated prior to and following the administration of any contrast
agent, such as iohexol.?® The latest research demonstrated
variations in the quantity of iohexol injected. We observed that in
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hospital settings, the determination of the amount of contrast agent
used during angiography is reliant on the experience of the
performing physicians, which could contribute to the occurrence
of CI-AKI in some patients. The amount of contrast agent
administered is significantly related to the development of CI-AKI
according to statistical data, which is consistent with a study that
identified high doses of contrast media as a risk factor for Cl-
AKI,2 which is correlated with the severity of kidney damage and
mortality.® In contrast, another study revealed no statistically
significant connection between the quantity of contrast agent used
and the incidence of CI-AKI.% The present investigation is subject
to certain constraints. Firstly, it was conducted at a solitary
medical facility, implying that its findings cannot be extrapolated
to other hospitals. Secondly, we were unable to determine the
estimated glomerular filtration rate (eGFR) for the patients, since
we did not have access to data regarding their body weight.
Thirdly, we did not explore the treatment and preventative
measures for CI-AKI or the clinical implications after hospital
discharge. Nonetheless, this study represents the first attempt to
determine the frequency and risk factors of CI-AKI in our patients.

V. CONCLUSION

The research findings indicated a substantial prevalence (30.9%)
of CI AKI in individuals who received coronary angiography.
There was a significant correlation (p < 0.05) between CI-AKI and
diabetes mellitus, PCI, and a large quantity of contrast medium.
Patients who undergo coronary angiography are identified as the
primary high-risk group for developing Cl AKI. To improve renal
safeguarding during coronary angiography, particularly for high-
risk patients, more efficient approaches are imperative.
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