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Abstract: Background: in patients undergoing percutaneous coronary interventions (PCI), radial
access should be favoured over femoral access as it reduces the risk of vascular complications
and bleeding. Furthermore, a preventive role of radial access in the occurrence of acute kidney
injury (AKI), mainly mediated by the reduction of bleeding and cholesterol crystal embolization
into renal circulation, has been investigated in several studies, yielding conflicting results. Methods:
we designed a retrospective study to appraise the effect of the use of a vascular access site on the
occurrence of AKI in a cohort of 633 patients with acute myocardial infarction treated by PCI at our
centre from 2018 to 2020. Results: after propensity score adjustment, radial access was associated
with a reduced, albeit statistically not significant, incidence of AKI (14.7% vs. 21.0%; p = 0.06) and
major bleeding (12.5% vs. 18.7%; p = 0.04) as compared to femoral access. At multivariate analysis,
femoral access was an independent predictor of AKI, together with in-hospital occurrence of BARC
3-5 bleeding, Killip class >1 at presentation, female gender, baseline eGFR <60 mL/min, and baseline
haemoglobin <12 g/dL. Conclusions: although limited by the observational design, our study
supports the hypothesis that radial access may exert a protective role on the occurrence of AKI in
patients with acute myocardial infarction undergoing PCI.

Keywords: STEMI; NSTEMI; multivessel disease

1. Introduction

Percutaneous coronary interventions (PCI) are associated with a risk of acute kidney
injury (AKI), which is mainly driven by the administration of contrast medium [1]. Indeed,
iodinated contrast can cause AKI through direct toxicity and increased release of renal
vasoconstrictors leading to hemodynamic changes in the renal medulla; in fact, iodinated
contrast represents the third leading cause of AKI in hospitalized patients [2-4]. The risk of
AKl is higher and more clinically relevant in patients with acute coronary syndromes who
undergo PCI in an emergent/urgent setting, because these patients cannot be adequately
hydrated and often present with a variable degree of left ventricle systolic dysfunction,
which has been shown to be a predictor of acute cardio-renal syndrome in ST elevation
myocardial infarction [5-7]. Use of the radial approach has been consistently shown to be
associated with a reduction in vascular complications and bleeding as compared to the
femoral approach [8,9]. Furthermore, it has been hypothesized that the radial approach
could also lead to a reduced incidence of AKI through reductions in bleeding and, possibly,
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less cholesterol crystal embolization in renal arteries, as guidewires and catheters do not
cross the abdominal aorta [10]. Thus far, several observational studies [11-22] and two
randomized trials [23,24] have addressed this issue, with conflicting results (Appendix A).
In the present study, we compared in-hospital AKI and bleeding incidence according to
vascular access site (radial versus femoral) in a cohort of 633 patients with acute myocardial
infarction (AMI) undergoing PCL

2. Materials and Methods
2.1. Study Design and Population

This study is a post-hoc analysis of a retrospective, single-centre registry aimed to
assess the prognostic role of lipoprotein(a) at presentation in patients with AMI undergoing
PCIL. The design and results of this registry, which was approved by the Ethics Committee
of Sapienza University, Rome, Italy, have been already published [25]. Briefly, out of a total
population of 889 patients with AMI (both ST elevation and non-ST elevation) undergoing
PCI from 2018 to 2020, we selected a cohort of 633 patients for whom creatinine levels
before, 24 h after, and 48 h after the procedure were available. AMI was diagnosed in
the presence of the rise and fall of high sensitivity cardiac troponin I values with at least
one value above the 99th upper reference limit, together with symptoms of myocardial
ischemia, new ischemic ECG changes, or echocardiographic evidence of new regional
wall motion anomalies. The primary study outcome was the incidence of AKI according
to the KDIGO definition (increase in serum creatinine by >0.3 mg/dL within 48 h) [26];
the secondary outcome was the incidence of in-hospital BARC 3-5 bleeding according to
the Bleeding Academic Research Consortium definition [27]. Patients without troponin
increase at presentation, who were treated conservatively or with bypass surgery after
coronary angiography, or who needed transfemoral aortic counter pulsation were excluded.
Clinical, laboratory, and angiographic data were collected in a dedicated database. The
study was approved by the institutional review board of Sapienza University, Rome, Italy.

2.2. Statistical Analysis

Continuous variables that were normally distributed were reported as mean = stan-
dard deviation (SD) and were compared using a Student’s t-test; continuous variables not
normally distributed were reported as median and interquartile range [IQR] and were
compared using the Mann-Whitney U test; categorical variables were reported as counts
(percentage) and were compared using a chi-squared test. Before outcome analysis, mul-
tiple imputation chain equation (MICE) with random forest (RF) and classification and
regression tree (CART) were used for imputation in case of missing data. After outcome
analysis, results were pooled using Rubin’s rule for variance correction. Outcome com-
parison analysis was made using inverse probability of treatment weighting (IPTW) and
propensity score matching (PSM) to control the differences in baseline characteristics of
patients receiving radial or femoral access, rebalancing selection bias. A propensity score
for each patient was calculated using covariate balancing propensity score (CBPS) that
offered the best common support. The PS estimation included the following variables
deemed to possibly affect vascular access choice: age, gender, history of smoking, arte-
rial hypertension, chronic heart failure, NYHA class >1, diabetes mellitus, dyslipidaemia,
family history of coronary artery disease, peripheral artery disease, history of myocardial
infarction, known vascular disease in any district, body mass index (BMI), body surface
area (BSA), type of MI at presentation (ST or non ST-segment elevation), Killip class at
presentation >1, baseline haemoglobin, and baseline creatinine. PSM was performed using
the 1:1 nearest neighbour matching method and a calliper width of 0.25 standard deviations
chosen after optimal matching and assessment of balance of covariates. For IPTW analysis,
weights were calculated as the inverse of propensity score. By applicating weights to the
study population, a “pseudopopulation” was created in which confounders were balanced
across groups [28]. Similarly, survey-weighted generalized logistic models were adopted.
Univariable and multivariable logistic regression models were used to estimate the odds
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ratios (ORs) and 95% confidence intervals (CIs) of the independent association between
arterial access and the occurrence of the primary outcome. Finally, sensitivity analysis was
performed using the Rosenbaum sensitivity test for PSM [29]. The statistical significance
level was set at two-tailed p < 0.05. Statistical analyses were performed with R software

version 4.3.0 (R Foundation for Statistical Computing).

3. Results

The design and flowchart of the study are described in Figure 1.
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Figure 1. Study design. AMI: acute myocardial infarction; PCI: percutaneous coronary intervention;
PS: propensity score; NNM: nearest neighbour matching; IPTW: inverse probability of treatment
weighting. In the bottom right panel, the “pseudopopulation”, obtained by weighting each individual
by the inverse probability of receiving his/her actual treatment, is shown.

Out of 633 patients included, 305 received radial access and 328 femoral access. Pa-
tients in the femoral group were older and presented a higher prevalence of female gender,
previous MI and ST elevation, and MI at presentation; they also had lower estimated
glomerular filtration rate (eGFR), haemoglobin, and haematocrit values as compared to

Marginal effect

-

PS sensitivity analisis

Estimator sensitivity analysis

patients in the radial group (Table 1).

Conditional effect with double adjustment I

]_

Table 1. Clinical characteristics of the study population.

Radial Access Femoral Access p Value
n 305 328
Age (years) 64 £11 67 £12 <0.001
Female gender (n, %) 61 (20.0) 89 (27.1) 0.044
BMI 27 £ 4 27+ 4 0.839
History of smoking (n, %) 210 (69.0) 212 (64.6) 0.346
Hypertension (n, %) 215 (70.5) 248 (75.6) 0.118
Heart failure (n, %) 27 (8.9) 42 (12.8) 0.125
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Table 1. Cont.

Radial Access Femoral Access p Value
Diabetes (n, %) 79 (25.9) 95 (28.9) 0.412
Dyslipidemia (n, %) 190 (62.3) 222 (67.7) 0.164
Peripheral artery disease (n, %) 28 (9.2) 28 (8.5) 0.903
Previous stroke (n, %) 12 (3.9) 17 (5.2) 0.564
Previous myocardial infarction (n, %) 38 (12.5) 65 (19.8) 0.015
Previous CABG (n, %) 10 (3.3) 16 (4.9) 0.408
STEMI (n, %) 153 (50.2) 198 (60.4) 0.008
Killip class >1 (n, %) 61 (20.0) 85 (25.9) 0.069
eGFR (mL/min) 90 £ 31 80 £+ 34 <0.001
Hemoglobin (g/dL) 15+2 14 +2 <0.001
Hematocrit (%) 44+5 42+ 6 0.001

BMI: body mass index; CABG: coronary artery bypass grafting; STEMI: ST segment elevation myocardial infarction;
eGFR: estimated glomerular filtration rate.

Procedural characteristics were similar between the groups, except for a higher number
of diseased vessels in the femoral group (Table 2).

Table 2. Procedural characteristics of the study population.

Radial Access  Femoral Access p Value
n 305 328
Diseased vessels:
- LAD(m, %) 232 (76.1) 265 (80.8) 0.112
_ Circ (n, %) 154 (50.5) 176 (53.7) 0.402
- RCA (n, %) 140 (45.9) 191 (58.2) 0.002
_ Left main (n, %) 21 (6.9) 25 (7.6) 0.814
- Bypass (n, %) 10 (3.3) 11 (3.3) 1.000
n of diseased vessels 21[1,2] 211, 3] 0.001
n of implanted stent 211, 3] 21, 3] 0.257
n of treated vessels 11[1,2] 11[1,2] 0.096
Total stent length (mm) 37 [23, 58] 38 [24, 67] 0.122
Vascular closure device (n, %) 0(0.0) 294 (89.6) <0.001

LAD: left anterior descending coronary artery; Circ: circumflex coronary artery; RCA: right coronary artery.

A vascular closure device (Femoseal, Terumo Corporation, Tokyo, Japan) was im-
planted in 89.6% of patients in the femoral group. Glicoprotein IIb/Illa inhibitors were
used in 5.9% of patients in the radial group and in 7.1% of patients in femoral group
(p = 0.55). After PSM, we obtained 2 groups of patients treated via radial or femoral access,
each consisting of 272 patients. The rebalancing of the variables is shown in Figure 2.

In the PSM cohort, the incidence of AKI was 14.7% in the radial and 21.0% in the
femoral group (p = 0.06), whereas the incidence of BARC 3-5 bleedings was 12.5% in the
radial and 18.7% in the femoral group (p = 0.04; Figure 3).

After univariate analysis (Table S1), we performed multivariate analyses in both the
IPTW and in the PSM populations to evaluate the predictive role of vascular access site in
the occurrence of AKI. In the IPTW model, femoral access was an independent predictor of
AKI together, with in-hospital occurrence of BARC 3-5 bleeding, Killip class >1 at presenta-
tion, female gender, and baseline eGFR <60 mL/min; similarly, in the PSM model, femoral
access was an independent predictor of AKI, together with in-hospital occurrence of BARC
3-5 bleedings, Killip class >1 at presentation, female gender, and baseline haemoglobin
<12 g/dL. Interestingly, in both models, the diagnosis of ST elevation MI at presentation
was the only variable that predicted a reduced risk of AKI (Figures 4 and 5). Finally, the
Rosenbaum sensitivity test for PSM balance showed that, hypothesizing the presence
of an unmeasured covariate, the latter would have affected the result of PSM only if its
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prevalence would have been up to four times higher in a group as compared to the other,
suggesting that the presence of a strong unobserved bias was unlikely.
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Figure 2. (A) Rebalance of variable expressed as standardized mean differences (SMD); SMD lower
than 0.1 was considered as good rebalancing. For every variable, there are two box plots; the first for
original data, and the second for after MICE estimation for missing data. The variables are: a. age, b.
arterial hypertension, c. BMI, d. basal creatinine, e. dyslipidaemia, f. diabetes mellitus, g. familiarity
for CAD, h. smoke, i. basal Hb, j. Killip class, k. NYHA class, 1. PAD, m. previous cardiovascular
event, n. previous HF, o. sex, and p. STEMI. (B) Common support of propensity score between radial
and femoral access; the graph shows the good overlap between the two groups.
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Figure 3. Rate of acute kidney injury and major bleeding in the propensity-matched cohort according
to vascular access.
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Variable OR Cl95% P value

univariable: femoral access 1.76 [1.12;2.78] 0.007 L
femoral access 1.79 [1.08;2.95] 0.012 -
bleeding BARC >3 200 [1.10;3.62] 0.012

Age >75y 0.89  [0.50;1.59] 0.346 —_—

Hb <12 g/di 1.68 [0.79;3.57] 0.091

Killip >1 256  [1.55;4.24] <0.001

diabetes mellitus 1.46 [0.86;2.48] 0.079 =
gender: female 2.36 [1.33;4.18] 0.002

STEMI 0.49  [0.30;0.80] 0002 ——

eGFR <60 ml/min 2423 [1.21;4.12] 0.005

05 1 15 2 25 3 35 a

Figure 4. Propensity score weighting: multivariable logistic regression.

Variable OR Cl95% P value

univariable: femoral access 1.55 [1.11,2.17] 0.005 I E—
femoral access 1.54 [1.03;2.28] 0.017 L

bleeding BARC >3 2.32 [1.43;3.76] <0.001 -
Age >75y 0.80  [0.47;1.34] 0.197 —.—

Hb <12 g/dl 2.25 [1.14,4.46] 0.010 =
Killip >1 249  [1.63;3.80] <0.001

diabetes mellitus 1.42 [0.93;2.18] 0.053 L

gender: female 2.29 [1.45;3.62] <0.001

STEMI 0.49  [0.32;0.74] <0.001 ——

eGFR <60 ml/min 1.51 [0.90;2.53] 0.059 &

Figure 5. Propensity score matching: multivariable logistic regression.

4. Discussion

In this study we observed that radial access, as compared with femoral access, was as-
sociated with a reduced, albeit statistically not significant, incidence of AKI in a population
of patients with AMI undergoing PCL. There are several pathophysiological mechanisms
that could theoretically explain this finding. First, radial access, due to intrinsic anatomic
reasons, is associated with a reduced incidence of access-related bleeding which, in turn,
may contribute to AKI through hypovolemia, hypotension, and eventually the need for
blood transfusions, which represent themselves as risk factors for AKI [30]. Second, the
embolization of cholesterol crystals in renal circulation is a well-known, yet overlooked
cause of AKI in clinical practice [31]; in this regard, it has been hypothesized that the
passage of guidewires and catheters in the abdominal aorta when using femoral access
may lead to scraping of atherosclerotic plaques and subsequent embolization which, on
the contrary, would be avoided by radial access [32]. The impact of vascular access site on
AKI after percutaneous coronary procedures has been the object of several investigations
in recent years, but these investigations have produced inconsistent results. A possible
protective role of radial access was first described in a large prospective database con-
ducted in British Columbia; this study showed that femoral access was associated with
an increased risk of chronic kidney disease onset 6 month after a coronary angiography
or PCI as compared with radial access [33]. Similar findings were observed in several
observational registries focusing on AKI, whereas other registries showed heterogeneous
results (Table 1); indeed, some studies showed a reduced incidence of AKI with radial as
compared to femoral access, whereas other studies showed a similar incidence across both
access routes. Interestingly, an increased risk of AKI with radial as compared with femoral
access was not observed in any study, although procedures performed via radial access
may be technically more challenging and associated with suboptimal guiding catheter back
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up, increased radiation exposure, procedural time and, therefore, contrast volume dose,
especially when performed by inexperienced operators. When looking at randomized
studies, the AKI-MATRIX showed a reduced incidence of AKI with radial as compared
with femoral access (OR 0.87; 95% CI 0.77-0.98); interestingly, the benefits of radial access in
this study seemed to be mostly related to the reduction of bleeding, since radial access was
no longer an independent predictor when bleeding was incorporated in the multivariate
model [23]. Differently, a post-hoc analysis of the SAFARI-STEMI trial showed that radial
access was not associated with a reduced incidence of AKI (RR 0.90; 95% CI 0.72-1.13), and
it was not an independent predictor of AKI in multivariate modelling, irrespective of the
inclusion of bleedings [24]; however, the fact that in the main trial, no significant difference
was observed in the rate of bleeding between the two access routes reinforces the notion
that the main mechanism through which radial access may prevent AKI is through the
reduction of bleeding events. This notwithstanding, both in our study and in other studies,
the protective effect of radial access has been found to be independent of its beneficial
effect on bleeding; in this regard, the reduced rate of cholesterol embolization in renal
circulation associated with radial access could represent a further protective mechanism.
Cholesterol crystal embolism represents an elusive and overlooked clinical entity; indeed,
a definite diagnosis can only be made with cutaneous biopsy, whereas a probable diagnosis
relies on cutaneous signs (livedo reticularis, blue toe syndrome, and digital gangrene)
or laboratory findings (renal impairment or eosinophilia). Cholesterol crystal embolism
associated with PCI, although infrequent, is associated with long-term death and need
for chronic haemodialysis, and is more prevalent with femoral as compared to radial ac-
cess, showing a tendency to decline over years when transitioning from femoral to radial
access [34]. An interesting finding of our study is that the diagnosis of STEMI was the
only protective clinical variable against AKI, both in the IPTW and the PSM multivariate
models. A possible explanation for this is that, similarly to what has been observed in
previous studies [35], in our population, patients with STEMI were younger and had a
lower prevalence of cardiovascular risk factors, anaemia, heart failure and peripheral artery
disease as compared with patients with NSTEMI, thus representing a population at reduced
risk of AKI.

Our study presents several limitations. First, it is a post-hoc analysis of a single-
centre, retrospective registry; therefore, despite statistical adjustment for possible clinical
and procedural confounders, a selection bias favouring radial access cannot be excluded.
Moreover, the single-centre design further limits the generalizability of the results. Second,
the amount of contrast medium given to patients was not collected; it is worth noting,
however, that a significant difference in this regard between radial and femoral access
has never been observed either in randomized trials or in propensity-matched studies
(Appendix A). Third, data on hydration protocols before and after PCI were not collected.

These limitations notwithstanding, our data support the notion that radial access is
associated with a reduced rate of bleeding events and AKI in patients with AMI undergoing
PCI as compared with femoral access, even with a low rate of Gp IIb/IIla inhibitors and
a high rate of femoral vascular closure device use, both of which reflect contemporary
clinical practices. In this regard, vascular closure devices have been shown to be inferior to
radial access in the prevention of bleeding and vascular complications in a meta-analysis
of randomized and observational studies [36]. Given the negative prognostic role of
bleeding events and AKI in patients with acute coronary syndromes [37,38], the adoption
of radial access, together with the prevention of hypovolemia, the avoidance of nephrotoxic
agents, and the minimization of contrast dose represent effective strategies that should be
implemented whenever possible in the management of these patients.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/jem13082367/s1, Table S1: Univariate predictors of AKIL
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Appendix A

Studies investigating the impact of vascular access (radial or femoral) on the occurrence
of acute kidney injury following percutaneous coronary interventions.

Randomized Controlled Trials

Clinical Contrast

Study Year Design Setting N AKI Definition AKI Volume Bleedings
Multicentre, Absolute (>0.5 mg/dL)
prospective . or relative (>25%)
Ando et al. randomized Angio increase from baseline <F
2017 . and/or PCI 8210 .. R=F R=F R<F
[23] controlled trial . creatinine
g in ACS
(pre-specified
analysis) KDIGO
Multicentre, Absolute (.>0.5 mg/dL)
prospective or relative (>25%)
Marbach 2021 randomized Primary 2985 increase fro.m. baseline R=F R=F R=F
et al. [24] . PCI creatinine
controlled trial
(post hoc analysis) KDIGO
Observational studies with propensity matching
Study Year Design Chn.l cal N AKI Contrast Bleedings
setting volume
?;iiivitégr\:?’ Absolute (>0.5 mg/dL)
Cortese P ! Primary or relative (>25%)
2014 multicentre, 450 . ; R<F R=F R<F
etal. [11] . PCI increase from baseline
propensity creatinine
matched
Observathnal, Absolute (>0.5 mg/dL)
Kooiman retrospective, or relative (>25%)
2014 multicentre, PCI 17,716 . ; R<F NR R<F
etal. [12] . increase from baseline
propensity

matched

creatinine




J. Clin. Med. 2024, 13, 2367 9o0f 12
Randomized Controlled Trials
. Clinical . Contrast .
Study Year Design Setting N AKI Definition AKI Volume Bleedings
Observational,
Kolte et al retrospective, Primar Abcs)(r)lrl(le;it(i?/g\(s;;g’// ;iL)
© 2016 multicentre, y 508 . ¥ R=F R=F NR
[13] ropensity- PCI increase from baseline
pmgtche dy creatinine
increase of >0.3 mg/dL
Observational, in sCr or 1.5- to 2-fold
Steinvil 2017 smgle-cer}tre, PCI 1072 increase in maximal sCr R<F R=F R=F
etal. [14] propensity compared
matched with baseline sCr at
admission
Observational, Absolute increase of
. retrospective, creatinine >0.3 or 0.5 in
Kan[ll%?t Al 2019 single-centre, Pgllvﬁ’r 2098  thefirst48 hafter PCI  R=F NR NR
propensity
matched KDIGO
Other observational studies
Study Year Design Clm} cal N AKI Contrast Bleedings
setting volume
AKI
Observational, was defined as a rise in
Damluii retrospective, Angio serum creatinine N0.5 R>F
otal [116] 2014 single-centre, and /ogr PCI 1637 (mg/dL) or 50% from R=F (unad- NR
’ propensity- the baseline value justed)
adjusted within 72 h post cardiac
catheterization or PCI.
Observational, >(i)r'15C1r‘relags/edi]rd1 (S)Zrizri o
Pancholy retrospective, creatinine level at 48 to R<F R<F
etal. [17] 2017 SHL%Ie;;Z?:re PCI 7529 72 h after the PCI R<F (unadj.) (unadj.)
pa dpus te dy procedure compared
) with baseline
Observational
Feldkamp L Angio R=F
etal (18] 20V rsf:;ipfgst‘ig and/orpCl 2% KDIGO R<F " (unadj) NR
Observational, o
Barbieri prospective, Angio ;géilrirln%/lil:elo; %/vslﬁif R<F
etal. [19] 2018 su;gf)le:fsr;fre, and/or PCI 4199 24-48 h after R=F (unadj.) NR
pa d}gus te dy contrast exposure
Observational Angio _
esttsz[l;g] 2021 Retrospective and/or PCI 527 KDIGO R=F (lil:; ) (Lf;; dE )
' Single-centre in CABG ) )
Carande Observational irrf;fiarf;;nbs;ggg
etal. [21] 2022 Retrospective PCIin ACS 2747 umol /L within 4_8 h or R<F NR NR

Single-centre

increase >1.5 times
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Randomized Controlled Trials

. Clinical . Contrast .
Study Year Design Setting N AKI Definition AKI Volume Bleedings

Kietrsunthorn
etal. [22]

absolute increase of
>0.3mg/dL or
Observational, a relative increase of
2023 retrospective, PCI 14,077  50% in serum creatinine @ R <F NR NR
multicentre or a new
requirement for dialysis
following PCI

AKI: acute kidney injury; R: radial access; F: femoral access; PCI: percutaneous coronary intervention; ACS: acute
coronary syndrome; AMI: acute myocardial infarction; CABG: coronary artery bypass grafting.
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