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Abstract
Background: Data on radial access (RA) as an independent risk factor for acute kidney injury (AKI) in myocardial
infarction (MI) patients are conflicting. Our aim was to assess how RA influences the incidence of AKI in MI patients
undergoing percutaneous coronary intervention (PCI).
Methods: Data from 3842 MI patients undergoing PCI at our institution from January 2011 to December 2016, of
which 35.8% were performed radially, were retrospectively analyzed. A propensity-matched analysis was performed
to adjust for differences in the baseline characteristics between the RA and femoral access (FA) groups. The effect
of RA on the incidence of AKI was observed.
Results: In the unmatched cohort, AKI occurred less often in the RA group [77 (5.6%) patients in the RA group
compared to 250 (10.1%) patients in the FA group; p = 0.001]. After propensity-matched adjustment, the incidence
of AKI was similar in the two groups.
After adjustment for potential confounders, RA was not identified as an independent predictive factor for AKI in
either the unmatched or the propensity-matched cohort. Bleeding, heart failure, age ≥ 70 years, renal dysfunction,
and the contrast volume/GFR ratio predicted AKI in both cohorts. Additionally, diabetes, contrast volume, and
hypertension were predictive of AKI in the unmatched cohort.
Conclusion: The access site was not independently associated with the incidence of AKI in patients with MI in
both a non-matched and a propensity-matched cohort. Our study result suggests that the lower incidence of AKI in
patients treated with RA in an unmatched cohort might be substantially influenced by confounding factors,
especially bleeding.

Background
Acute kidney injury (AKI) after percutaneous coronary
intervention (PCI) is a well-known complication that is
associated with a worse outcome [1–4]. In elective PCI,
the contrast volume is presumed to be the major cause
of AKI due to its toxic effects [2, 4]. Patients with myocardial infarction (MI) usually require a larger amount
of contrast and have a 2.6-fold higher risk of developing
AKI [4–7]. Hemodynamic instability, bleeding complications, drug toxicity, and atheroembolism further increase
* Correspondence: vojko.kanic@guest.arnes.si
1
Division of Internal Medicine, Department of Cardiology and Angiology,
University Medical Center Maribor, Ljubljanska ulica 5, 2000 Maribor, Slovenia
Full list of author information is available at the end of the article

the possibility of AKI in these patients [4, 8]. Data on
the association between the access site and the risk of
AKI are limited and conflicting. In some reports, the access site was independently associated with AKI [1, 2, 9],
but others did not find such an association [10, 11]. Our
aim was to assess the possible impact of the access site
on the incidence of AKI in patients with MI who had
undergone PCI. The group with radial access (RA) was
compared with the group with femoral access (FA).

Methods
The present study is a retrospective single-center analysis of 4082 consecutive patients with MI who underwent PCI. Patients were treated between January 2011
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and December 2016 at the University Medical Center
Maribor, a tertiary referral hospital with a 24/7 PCI service.
We excluded patients on dialysis [97 (1.5%)], patients
who required intra-aortic balloon pump implantation
[47 (1.1%)], and patients who died in less than 2 days [96
(2.4%)], the assumption being made that there was no
time for AKI to occur, leaving 3842 (94.1%) for further
analysis (Fig. 1). Thrombolysis was not used.
Patient treatment was based on the current guidelines
[12, 13]. The operator decided on the access site, PCI
strategy, and concomitant medication. A continuous saline infusion (1 ml/kg/h during PCI and over the next
12 h) was given for renal protection. The hydration rate
was reduced at the discretion of the operator and/or
attending physician in patients with overt heart failure.
The nonionic contrast agent iopamidol (concentration
370 mgI/ml—Iopamiro 370R, Bracco) was used in our
laboratory. Information on the contrast volume given
was available for 3729 (97.5%) patients. The study was
approved by the Republic of Slovenia Committee for
Medical Ethics (No. 40/06/09), which also granted a
waiver of consent for this analysis.
Definitions

The definition of MI was based on the current guidelines [12, 13]. We defined AKI (0.3) as an increase in
serum creatinine after PCI of ≥0.3 mg/dl (26.5 μmol/L)
in the first 48 h after PCI [14]. AKI (05) was defined as
an increase in serum creatinine after PCI ≥ 0.5 mg/dl
occurring within the first 48 h after PCI [15]. AKI was
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also determined using the “Kidney Disease Improving
Global Outcomes (KDIGO)” criteria and staged for
severity [14].
Heart failure was defined according to clinical criteria (cardiogenic shock or bilateral pulmonary rales,
S3 gallop, edema) and/or ejection fraction < 30% and/
or pulmonary edema on chest X-ray. The ventricular
ejection fraction was assessed by bedside echocardiography in the first 48 h after admission.
Anemia was defined as proposed by the World Health
Organization: a serum hemoglobin level < 130 g/L for men
and < 120 g/L for women [15]. Renal dysfunction on admission was defined as a glomerular filtration rate (GFR)
less than 60 ml/kg/1.73m2, which was calculated using the
4-variable Modification of Diet in Renal Disease formula
from the first blood sample taken on admission [16].
We used the Bleeding Academic Research Consortium (BARC) bleeding criteria and BARC 3a bleeding
(Hb drop of 30–50 g/L or any transfusion) was used for
calculations [17].
Outcome

The end point was the incidence of AKI.
Statistical methods

All data were summarized and displayed as the mean
(± standard deviation) or median (25th, 75th percentile)
for continuous variables and as the number (percentage)
of patients in each group for categorical variables.

Fig. 1 Patient selection. The diagram shows the number of MI patients screened, excluded, and enrolled in the study
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The distribution of continuous variables in the RA and
FA groups were compared with either the 2-sample
t-test or the Mann-Whitney test according to whether
data followed the normal distribution. Distributions of categorical variables were compared with the chi-square test.
We used binary logistic regression and propensity analysis to determine the association between the vascular
access site and AKI in both groups.
The greedy matching technique was used to match an
RA patient to an FA patient with the nearest propensity
score to permit comparison between RA and FA patients
with similar characteristics [18]. The filter included age,
gender, ST-elevation MI, PCI of the left main coronary
artery, anemia on admission, renal dysfunction on admission, P2Y12 receptor antagonists, contrast volume,
and hyperlipidemia. We used the IBM SPSS algorithm,
which applies the greedy matching technique to order
and sequentially match observations to the nearest propensity score until no matches are possible (propensity
scores differ above the default threshold - a caliper of
0.15 of the standard deviation of the logit of the propensity score). The propensity-score-matched cohorts comprised 1377 patients with RA and 2465 patients with FA.
An FA match was found for 1049 RA patients, while 328
RA patients remained without an appropriate FA match.
After propensity matching, the sample comprised 2098
patients (1049 RA and 1049 FA patients).
Binary logistic regression modeling was used to calculate the adjusted odds of AKI. Age, gender, diabetes,
hypertension, ST-elevation MI, heart failure, renal dysfunction on admission, bleeding, upper quartile of contrast volume used, contrast volume/GFR ratio, and RA
were used in regression analysis. Data were analyzed
using the SPSS 22.0 software for Windows (IBM Corp.,
Armonk, NY). All p-values were two-sided; p-values
less than 0.05 were considered statistically significant.

Results
Descriptive data for patients before PCI

The study population consisted of 3842 patients with
MI, 1377 (35.8%) of whom had RA. The RA patient
group was less anemic and had less diabetes and renal
dysfunction. Fewer patients in this group suffered
ST-elevation MI, heart failure, and bleeding after PCI.
They also had lower Mehran scores. Pathology of the
left main coronary artery and the left anterior descending artery was less frequently present in this group. A
larger volume of contrast was used in the RA group.
Basic clinical, angiographic, and therapeutic characteristics of patients differed substantially between the
groups, as shown in Tables 1 and 2. After propensity
matching, there were no longer any apparent differences between the RA and FA groups (see Additional
file 1: Table S1 and Additional file 2: Table S2).
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Table 1 Basic clinical characteristics of patients
Radial access
N = 1377

Femoral access
N = 2465

p

64.3 (11.7)

64.9 (12.1)

0.17

Male gender, N (%)

975 (70.8)

1722 (69.9)

0.55

Diabetes, N (%)b

281 (20.4)

584 (23.7)

0.02

Hypertension, N (%)

820 (59.5)

1392 (56.5)

0.066

Dyslipidemia, N (%)b

596 (43.3)

1045 (42.4)

0.61

Anemia, N (%)

261 (19.0)

750 (30.4)

< 0.0001

Creatinine, mg/dla

0.96 (0.33)

0.99 (0.40)

0.023

Renal dysfunction, N (%)

223 (16.2)

491 (19.9)

0.04

ST-elevation MI, N (%)b

563 (40.9)

1655 (67.1)

< 0.0001

Heart failure, N (%)

128 (9.3)

428 (17.4)

< 0.0001

Left ventricle ejection
fraction, %a

48.1 (5.8)

46.5 (7.6)

< 0.0001

Mehran scorec

2.0 (1.0, 5.0)

4.0 (1.0, 8.0)

< 0.0001

Age, yearsa
b

b

b

b

b

a

Mean (standard deviation); comparison made using the t-test.; bComparison
made using the chi-square test; cMedian (25th, 75th percentile); comparison
made using the Mann-Whitney U test
N number

Acute kidney injury

RA patients had a lower unadjusted incidence of
AKI (0.3) in the unmatched cohort [77 (5.6%) RA
patients suffered AKI (0.3) compared to 250 (10.1%)
FA patients; p < 0.0001].The unadjusted RA-to-FA
odds ratio for AKI was 0.52 (95% confidence interval
0.40 to 0.68; p = 0.001). Actually, the prevalence of AKI
was lower in RA patients, regardless of which definition of
AKI was used (Table 3, Fig. 2).
After adjustments for confounders, RA was not
identified as an independent predictor of AKI in the
unmatched sample (adjusted OR: 0.74; 95% CI: 0.55
to 1.01: p = 0.054). Predictors of AKI in the unmatched
population are listed in Table 4.
After propensity-matched adjustment, the incidence of
AKI was similar in the two groups [51 (4.9%) patients in
the RA group compared to 65 (6.2%) in the FA group;
p = 0.21]. Binary logistic regression modeling identified
bleeding, heart failure, age ≥ 70 years, renal dysfunction,
and the contrast volume/GFR ratio as prognostic factors
for AKI (Table 4). However, RA was not found to be a
prognostic factor for AKI (adjusted OR: 0.75; 95% CI: 0.50
to 1.11; p = 0.15).

Discussion
We retrospectively analyzed patients with MI who
underwent PCI. Patients in the RA group were found
to have a lower unadjusted incidence of AKI in the
unmatched cohort. However, in a propensity-matched
analysis, no difference was found between RA and FA
and AKI.
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Table 2 Procedural characteristics

P2Y12, N (%)b

Radial access
N = 1377

Femoral access
N = 2465

p

1231 (89.4)

2284 (92.7)

0.001

PCI of the left main coronary artery, N (%)

23 (1.7)

96 (3.9)

< 0.0001

PCI of the left anterior descending artery, N (%)b

517 (37.5)

1039 (42.2)

0.006

PCI of the circumflex artery, N (%)b

337 (24.5)

520 (21.1)

0.017

PCI of the right coronary artery, N (%)b

390 (28.3)

784 (31.8)

0.026

Multivessel PCI, N (%)

198 (14.4)

381 (15.5)

0.40

Conservative treatment, N (%)b

67 (4.9)

92 (3.7)

0.09

TIMI flow 0/1 after PCI, N (%)

78 (5.1)

125 (5.1)

0.45

Contrast volume, mlc

171.0 (125.0, 231.0)

150.0 (110.0, 204.0)

< 0.0001

Contrast volume/GFR ratioa

2.45 (1.55)

2.33 (1.80)

0.045

BARC 3a bleeding, N (%)b

43 (3.1)

195 (7.5)

< 0.0001

b

b

b

a

Mean (standard deviation); comparison made using the t-test.; bComparison made using the chi-square test; cMedian (25th, 75th percentile); comparison made
using the Mann-Whitney test
BARC Bleeding Academic Research Consortium, N number, PCI percutaneous coronary intervention, P2Y12 P2Y12 receptor antagonists, TIMI flow TIMI grade flow
after PCI = 0/1

After adjustment for potential confounders, RA was not
identified as an independent predictive factor for AKI in
either the unmatched or the propensity-matched cohort.
There may be several reasons why the RA group suffered less AKI in the unmatched cohort.
Bleeding, which was less common in the RA group,
was the most important predictor of AKI in our analysis.
It is known to predict AKI after procedures [13, 19–21],
although some data show that RA lowers AKI independently of bleeding [2]. In a prospective trial, RA was not
independently associated with AKI when bleeding was
entered into the logistic model [20].
ST-elevation MI, which also predicts AKI, was less
common in the RA group. Patients with ST-elevation
MI present more frequently with hemodynamic impairment (heart failure in 11.2% in ST-elevation MI
patients compared to 2.1% in non-ST-elevation MI
patients; p < 0.0001), which may explain the higher
rate of AKI in the FA group [19, 20, 22]. Heart failure,
Table 3 Prevalence of AKI in patients with RA and FA according
to different definitions
Radial access
N = 1377

Femoral access
N = 2465

All patients p
N = 3842

AKI (0.3), N (%)a

77 (5.6)

250 (10.1)

327 (8.5)

< 0.0001

AKI (0.5), N (%)

41 (3.0)

163 (6.6)

204 (5.3)

< 0.0001

AKI KDIGO
stage 1, N (%)a

61 (4.4)

167 (6.8)

228 (5.9)

0.003

AKI KDIGO
stage 2, N (%)a

6 (0.4)

29 (1.2)

35 (0.9)

0.021

AKI KDIGO
stage 3, N (%)a

10 (0.7)

54 (2.2)

64 (1.7)

0.001

a

a

Comparison made using the chi-square test
AKI acute kidney injury, KDIGO Kidney Disease: Improving Global Outcomes;
N number, RA radial access, FA femoral access

which predisposes to AKI, was less frequent in the RA
group [23]. Nevertheless, it is known from previous
studies that RA provides consistent benefit across the
whole spectrum of patients with ACS [24].
Patients in the RA group were less anemic on admission.
Anemia per se has been previously found to be a risk factor
for AKI [25]. Moreover, bleeding was seen more often in
anemic patients (11.4% vs. 4.3%; p < 0.0001), which is in
line with previous observations [26]. Patients in the RA
group presented with less renal dysfunction on admission.
Renal dysfunction is one of the predisposing factors for
AKI in MI patients and it also predicted AKI after propensity matching in our analysis [5, 22, 23]. Patients with renal
dysfunction also suffered more bleeding (14.0% vs. 4.4%;
p < 0.0001), as previously reported [13, 27–29].
PCI of the left main coronary artery was less often performed in the RA group. These patients present more frequently with hemodynamic impairment (heart failure was
found in 21.6% of patients undergoing PCI of the left main
coronary artery compared to 7.2% of patients undergoing non-left main PCI; p < 0.0001) and have more
complex pathology, which requires a higher contrast volume, as was also found in our study (242.6 ± 105.5 ml vs.
170.0 ± 79.9 ml; p < 0.0001) [20]. Anemia (44.5% vs. 25.7%;
p < 0.0001) and bleeding (12.6% vs. 6.0%; p = 0.01) were
also more commonly found in these patients.
On the contrary, a higher contrast volume/GFR ratio
was found in the RA group. We and others previously have
found that the contrast volume/GFR ratio was independently associated with AKI after adjustment for confounders
in both the unmatched and the propensity-matched cohort
[30–33]. The contrast volume is associated with AKI
[1, 20, 34]. However, not all studies showed that the
access site contrast volume independently correlated
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Fig. 2 Acute kidney injury in patients with RA and FA with myocardial infarction undergoing PCI in non-matched cohorts. AKI = acute kidney injury;
FA = femoral access; KDIGO = Kidney Disease Improving Global Outcomes; OR = odds ratio; RA = radial access

with AKI [10]. The volume of contrast used in our
patients and the incidence of AKI (8.5%) were lower
than in similar studies (16–22%) [6, 8, 9, 20, 35]. Unfortunately, any comparison is difficult due to differences in patient characteristics and the definition of
AKI. Larger contrast volumes were used in RA in our
analysis. However, in a similar study of Damluji et al.,
the contrast volume in the RA group was also larger,
and RA was not associated with AKI after propensity
matching [10]. Moreover, in MATRIX-AKI, the contrast volume used was similar in both groups, but RA
was still not associated with the incidence of AKI
when bleeding was taken into account [20]. These

data support the finding of Ando et al. that the potential increase in contrast load is unlikely to have
any impact on the benefit of RA [1].
In our analysis, bleeding and heart failure influenced
AKI more than the contrast volume/GFR ratio. Therefore, despite the higher contrast volume/GFR ratio in
RA, less AKI occurred in the RA group in which less
bleeding and heart failure occurred.
The strength of the association between RA and
AKI varies between studies [2, 10, 11, 20]. The available data suggest that the relationship between RA
and AKI might be substantially influenced by confounding factors [1, 2, 10, 11, 20].

Table 4 Independent predictors of AKI in an unmatched and propensity-matched cohort
Unmatched sample

Propensity score-matched sample

Variable

OR

95% CI

p

Bleeding

4.29

3.07 to 6.00

< 0.0001

Heart failure

3.49

2.64 to 4.61

< 0.0001

95% CI

p

5.24

2.42 to 11.37

< 0.0001

2.84

1.72 to 4.69

< 0.0001

OR

Age ≥ 70

2.29

1.72 to 3.05

< 0.0001

2.61

1.65 to 4.13

< 0.0001

Renal dysfunction

1.42

1.01 to 1.98

0.041

1.78

1.02 to 3.11

0.042

1.23

1.03 to 1.48

0.021

Contrast volume /GFR ratio

1.18

1.09 to 1.28

< 0.0001

Diabetes

1.52

1.15 to 2.02

0.004

Upper quartile of contrast volume

1.45

1.01 to 2.09

0.044

Hypertension

1.36

1.04 to 1.78

0.023

CI confidence interval, GFR glomerular filtration rate, OR odds ratio, AKI acute kidney injury
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The predictors of AKI in our propensity-matched
sample were bleeding, heart failure, age ≥ 70 years,
renal dysfunction on admission, and the contrast volume/GFR ratio, which is consistent with previously
known data [2, 10, 20, 23, 30–32]. These data would
seem to support the presumption that AKI, in terms
of the access site, might be at least partially influenced
by confounding factors. Our result is consistent with
the results from the propensity-matched studies of
Kolte et al. and Damluji et al. [10, 11].
Our finding has some potential clinical implications.
Our data suggest that the better result with RA with
reference to AKI is at least partially influenced by confounding factors, most probably bleeding, hemodynamic
impairment, age, renal dysfunction on admission, and
the contrast volume/GFR ratio. However, in daily practice, RA should be preferred whenever possible. From a
clinical point of view, it is irrelevant whether RA is associated with a better outcome per se or if the better outcome is linked to fewer bleeding events and lower rates
of other complications due to RA. This is particularly
true for patients with a higher bleeding risk (women,
older patients, underweight patients, and patients with
renal dysfunction) [36]. In addition, early nephroprotective strategies to decrease contrast-induced renal injury,
such as low contrast volume, crystalloid infusions, measures to ensure optimal hemodynamics, and discontinuation of nephrotoxic drugs, might provide a significant
long-term benefit [27]. It is important to note that radial
PCI in patients with MI should only be performed by an
experienced radial operator [12, 13].
In conclusion, our data suggest that the lower incidence of AKI in RA patients might be at least partially
influenced by confounding factors.
Limitations

This was an observational and a single-center study. The
data about blood pressure and Killip class on admission
and evidence-based medical therapy (except for P2Y12
receptor antagonists) after PCI were not available for a
sufficient number of patients for these factors to be considered in the evaluation. Other limitations of our study
are that the propensity-matching technique cannot adjust for residual confounders and that the baseline number of subjects in each group is somewhat unbalanced,
suggesting that the shift from FA to RA has probably
happened only recently. Furthermore, we were unable to
determine when the shift from FA to RA actually occurred because this has almost certainly been a progressive transition. In previous years, operators were more
likely to select less impaired patients for RA, as shown
by the lower prevalence of heart failure, anemia, ST- elevation MI patients, and PCI of the left main and left
anterior descending arteries in the RA group. Therefore,
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the results might be different if the propensity-matched
population was larger.

Conclusion
Patients with RA suffered less AKI. However, the access
site was not independently associated with a lower incidence of AKI in patients with MI in both non-matched
and propensity-matched cohorts. Our study result suggests
that the lower incidence of AKI in patients treated with
RA in an unmatched cohort might be at least partially influenced by confounding factors, particularly bleeding.
Additional files
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matching for the RA and FA groups. (DOCX 18 kb)
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