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INTRODUCTION:

Advanced chronic kidney disease is described as stages 3-5 of the chronic kidney disease classification defined
as a reduction in glomerular filtration rate of less than 60 ml/min (1). Chronic kidney disease (CKD) has
been known as one of the prominent risk factors for coronary artery disease (2). Percutaneous coronary
intervention (PCI) has become an acceptable alternative to open heart surgery in patients suffering from
coronary artery disease (3). This procedure improves patient survival, appropriately controls angina symp-
toms, reduces the need for long-term hospitalization, and reduces treatment costs (4-5). However, similar
to other invasive or even minimally invasive therapeutic interventions, this procedure should be performed
in high-risk groups with some considerations and precautions. These patients may experience far different
outcomes than low-risk patients who have PCI. In patients with chronic kidney disorders, the need to use
contrast material, scheduling consecutive dialysis sessions, the risk of microembolization, and requiring ar-
terial wall instrumentation may lead to poorer outcomes of the PCI procedure, and the clinical benefits of
PCI may be lower in such patients (6). In the last decade, various trials have evaluated the outcomes of the
procedure in patients with CKD, which were basically associated with contradictory results. In a large, ran-
domized trial (ISCHEMIA-CKD) on 777 CKD patients who underwent PCI procedure or medical therapy,
3.2-year outcomes including death, cardiac ischemic attack, or re-hospitalization were shown to be similar in
both groups (7). In several trials, the presence of underlying chronic kidney disease was considered a major
risk factor for long-term poorer outcomes following PCI, such as higher mortality and progression of renal
impairment (8-9), also the impaired renal elimination of antithrombotic drugs exposes these patients to a
higher likelihood of bleeding complications (10-11). During our literature review on databases, we found a
small number of studies looking into the impacts of PCI on ACKD patients, Limpijankit and his colleague as
one of the few studies in this matter determined one-year survival of PCI among 207 CKD patients stage 4-5
without dialysis and 5 with dialysis was 65.2%, 68.0% and 69.4 respectively (12). Therefore, the outcome
of PCI procedures in patients with ACKD still remains uncertain. In the present study, we investigated
the clinical outcomes of PCI in cases with Advanced chronic kidney disease and compared the in-patient
mortality rate of PCI between ACKD and non-ACKD candidates.

MATERIALS AND METHODS

The data source of this retrospective study was the National Inpatient Sample (NIS) data registry that
consisted of a complete set of background, intra-operative, and postoperative information of the patients
undergoing PCI procedures. The collected information included demographic characteristics, underlying
cardiac risk factors, laboratory findings at the time of admission, characteristics related to coronary artery
involvement, such as the severity of involvement and the number of coronary arteries under the procedure,
and intra- and postoperative outcomes during hospitalization. Patients were classified into two groups with
ACKD and without this co-morbidity. The in-patient death defined as death that occurred postoperatively
during hospitalization was the parameter of interest.



The Kolmogorov-Smirnov test was primarily used to assess the normality states of the study variables. The
Chi-square test was applied to determine the statistical differences between categorical parameters, while
the t-test or Mann-Whitney U test was employed to assess the difference between quantitative variables.
To determine the values of chronic renal failure to predict in-hospital death following PCI, the multivariate
logistic regression analysis was used with the presence of baseline variables. P values of [?] 0.05 were
considered significant. The statistical software SPSS version 28.0 for Windows (IBM, Armonk, New York)
was used for statistical analyses.

RESULTS

In this study, among 1826536 patients who were candidates for PCI from 2005 to 2011, 113018 patients
(6.2%) suffered from ACKD, based on the criteria for diagnosis of chronic kidney disease. Patients with
kidney disease mostly were older and had histories of diabetics, peripheral artery disease, cerebrovascular
accidents, and atrial fibrillation as compared to the patients without renal insufficiency (Table 1). The
evaluation of the trend of the changes in procedural mortality during the evaluated years (from 2005 to
2011) in two groups of patients with and without advanced chronic kidney disease indicated higher age-
adjusted inpatient mortality rate in the group with ACKD in each year studied compared to those without
this co-morbidity. However, over the years mortality in ACKD patients undergoing PCI improved over the
years study while it was stable with a mild increase in non-CKD patients. (Figure 1)  For the first year
studied in 2006, age age-adjusted mortality rate for patients undergoing PCI was 149 per 100,000 vs 48 per
100,000 in patients without ACKD (p<0001). For the last year studied in 2011, age-adjusted mortality was
124.1 per 100,000 in ACKD patients vs 40.4 per 100,000 in patients with no ACKD, (P <0.0001).

Using the multivariable logistic regression modeling adjusting for baseline parameters and cardiovascular risk
factors such as diabetes mellitus, hypertension, hyperlipidemia, peripheral artery disease, atrial fibrillation,
cerebrovascular disease, myocardial infarction, and tobacco use, ACKD remained independently associated
with higher mortality (OR 1.32, CI 1.27-1.36, P<0.001) (OR = 1.32, P < 0.001) following PCI. Furthermore,
an increasing trend of PCI performed in ACKD patients was noted over the years studied (Figure 2).

DISCUSSION

As the main results of our study, the history of ACKD remains independently associated with in-hospital
death following PCI even after adjusting baseline parameters such as other cardiovascular risk profiles. In
many studies, chronic renal failure, especially frequent dialysis, has been declared as a potential risk factor
for adverse outcomes of therapeutic interventions in patients with coronary heart disease, especially following
revascularization (13-17). This higher mortality can be explained by the use of contrast material, disorders
related to circulating blood volume, thromboembolic disorders related to kidney disease, and significant
hemodynamic disorders in the mentioned patients (18-20). However, a study that enrolled 344 patients
who underwent elective PCI demonstrated that there was no connection between CKD and periprocedural
myocardial injury after elective PCI (21). Therefore, it is still unclear whether patients with ACKD will
benefit from such procedures or not. What we found in the present study was that, firstly, the presence
of ACKD is a potential risk factor for increasing the risk of hospital mortality in patients undergoing PCI.
Thus, along with other background risk factors, the role of ACKD can be considered prominent in mortality
risk. Considering that this result was obtained by examining a large volume of PCI candidate patients,
we can emphasize the solidity and reliability of the mentioned finding. Therefore, if the patient who is a
candidate for this procedure was suffering from ACKD at the time of admission, to reduce morbidity and
mortality after the procedure, potential measures such as control and monitoring of kidney function should
be considered, especially in intensive care units. Various strategies have been considered to reduce the risk of
mortality and complications after PCI in patients with ACKD. In this regard, volume expansion within the
procedure, limiting contrast use, and the use of low- to iso-osmolar contrast agents can significantly reduce
the risk for postoperative death (22-23).

Most of the previous studies also emphasize chronic renal failure as a potential risk factor for worse outcomes
after PCI. As similarly shown by Yager et al in 2022 (24), advanced kidney disease was linked with noticeably



increased post-nonemergent PCI mortality. Narcisse et al in 2020 (25) also showed that patients with chronic
kidney disease remain at greater risk for major adverse vascular events and all-cause mortality after vascular
interventions.

Additionally, it should be kept in mind that due to the extent of coronary artery involvement in many
patients with ACKD, invasive procedures such as coronary artery bypass surgery or PCI are absolutely
unavoidable in many of these patients. Choosing the most proper and safest approach for these patients is
complex. Although, several studies have demonstrated that the PCI procedure is safer compared to medical
treatments and PCI has not been reported to be associated with an increased risk of death. As indicated by
Yong et al in 2021 (26), in patients with advanced kidney disease and coronary artery disease, PCI reduced
the risk of short-, medium- and long-term all-cause death in contrast to medical treatment. However, in
their study, coronary artery bypass grafting was associated with a higher risk of short-term death and a
lower risk of long-term death and adverse events compared to PCI.

In our study, the increasing trend of performing PCI procedures in patients with ACKD was demonstrated.
Patel et al in 2017 (27) have shown that increasing utilization of PCI among ACS patients with ACKD
has led to a lower in-patient mortality in this population. The reason for this increase can be due to the
advanced techniques of performing PCI, the use of safer contracting materials as well as ultra-low contrast
angiography and zero-contrast PCI, more precise control of the mentioned patients during and after the
operation, as well as the general modification of the protocols and guidelines for the care of these patients
and more experienced operator performing PCI which may lead to lower risk of morbidity and mortality of
PCI in CKD patients (28-30).

CONCLUSION

ACKD is independently associated with higher mortality in patients undergoing PCI. Therefore, PCI in
these patients should be performed with more caution.

LIMITATIONS: We used ICD-9 coding with inherent limitations as administrative coding has limitations
in inaccuracy. We studied patients who underwent PCI which introduces selection bias as many patients with
ACKD may have been treated conservatively limiting our patients to a specifically selected group undergoing
PCI based on the patient’s presentation and preference.
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Table 1: Baseline characteristics of study population

ACKD group (n = Non-ACKD group (n =
Characteristics 113018) 1713518) P value
Mean age, year 67.78+11.74 64.85+£12.03 <0.001
Male gender, % 57.91% 60.65% < 0.001
Race, % <0.001
White 49.42% 61.84%



ACKD group (n = Non-ACKD group (n =

Characteristics 113018) 1713518) P value
Black 18.80% 8.07%

Hispanic 9.27% 5.64%

Asian/Pac Isl 2.60% 1.60%

Native Americn 0.64% 0.56%

Other 19.28% 22.30

History of diabetes 52.9% 31.8% <0.001
mellitus

History of tobacco use 15.4% 31.8% <0.001
History of hypertension 1.1% 61.8% <0.001
History of 44.9% 60.0% <0.001
hyperlipidemia

History of myocardial 10.2% 12.1% <0.001
infarction

History of peripheral 11.7% 6.7% <0.001
artery disease

History of atrial 18.6% 14.2% <0.001
fibrillation

History of 3.0% 2.5% <0.001

cerebrovascular disease
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Figure 1: The trend of the changes in age-adjusted mortality rate within study period
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Figure 2: The trend of the changes in age-adjusted PCI rate within study period



