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Abstract. Trans‑radial access for percutaneous coronary 
intervention or angiography has gained popularity amongst 
interventional cardiologists. Radial access is also thought 
to reduce the incidence of acute kidney injury (AKI) in the 
immediate post‑operative period. The purpose of the present 
study was to perform a comprehensive updated systematic 
review and meta‑analysis comparing the incidence of AKI 
following the radial vs. femoral route of coronary catheteriza‑
tion. An electronic literature search of the PubMed, BioMed 
Central, Scopus, Cochrane Central Register of Controlled 
Trials and Google Scholar databases up to 1st January 2020 
was performed. A total of 14 studies were included, 2 of 
which were randomized controlled trials (RCTs), and 6 studies 
utilized propensity score matching. Comparison of the data of 
21,479 patients in the radial group and 25,337 patients in the 
femoral group indicated a reduced incidence of AKI with the 
radial route [odds ratio (OR):0.66, 95% CI: 0.54‑0.81, P<0.0001, 
I2=74%]. Similar results were obtained with sub‑group analyses 
for RCTs (OR: 0.87, 95% CI: 0.77‑0.98, P=0.02, I2=0%), 
retrospective studies (OR: 0.57, 95% CI: 0.36‑0.90, P=0.02, 
I2=86%) and propensity score‑matched studies (OR: 0.63, 95% 
CI: 0.48‑0.83, P=0.0009, I2=45%). Multivariable‑adjusted 
ORs of AKI for the radial vs. femoral route were extracted 

from non‑RCTs and pooled for a meta‑analysis, which also 
demonstrated similar results (OR: 0.70, 95% CI: 0.57‑0.88, 
P=0.002, I2=70%). Within the limitations of the study, the 
present results indicate that, as compared to femoral access, 
the use of trans‑radial access for coronary catheterization is 
associated with a significantly reduced incidence of AKI. A 
reduction of AKI by ~34% may be expected with the use of 
radial access.

Introduction

Acute kidney injury (AKI) is a potential complication that 
may increase morbidity and mortality after any percutaneous 
coronary intervention (PCI) or angiography procedure (1). 
Several risk factors for AKI following coronary catheteriza‑
tion have been recognized and they may be broadly divided 
into patient‑associated or procedure‑related factors. Patient 
characteristics, including old age, hypotension, diabetes 
mellitus, pre‑existing renal impairment, history of renal 
transplantation, anemia and use of nephrotoxic drugs are 
known to significantly increase the risk of post‑procedural 
AKI. Similarly, procedural factors, including contrast media 
properties, contrast media volume and number of procedures 
within 72 h also influence the probability of AKI (2,3).

The incidence of AKI following the use of contrast media 
has been reported to be 0‑24% (2). Although in most cases, 
AKI is transient, irreversible renal injury may occur in a 
proportion of patients, leading to progressive kidney damage, 
which may require prolonged hospitalization and result in 
long‑term adverse effects (4). Of the several strategies to 
reduce contrast‑induced AKI, volume expansion has been 
most commonly used. However, the benefits of prophylactic 
fluid replacement have been questioned by recent reports, 
which suggest a limited benefit in high‑risk patients (5). Drugs 
including N‑acetylcysteine and bicarbonate have also been 
used, but with limited evidence of a benefit (6).

To reduce the incidence of AKI following coronary 
catheterization, the association of vascular access and the 
incidence of AKI has been explored in the past decade (7). 
Trans‑radial access for PCI or angiography, which has gained 
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popularity amongst interventional cardiologists, is thought to 
reduce the incidence of AKI in the immediate post‑operative 
period. To date, several studies have compared AKI following 
radial vs. femoral access in patients undergoing coronary 
catheterization but with variable results (8‑10). Certain 
meta‑analyses have been published comparing AKI with 
the two vascular access sites (1,7). In the most recent meta‑ 
analysis, Andò et al (7) pooled results from 10 studies and 
explored the association between radial access and AKI. The 
authors, however, only compiled data on the absolute number 
of AKI events from the included studies. Despite several retro‑
spective studies utilizing multivariate regression analysis to 
adjust for baseline characteristics for reporting outcomes, no 
attempt has been made to date to collate such data and analyze 
the overall evidence on the incidence of AKI with radial vs. 
femoral access, to the best of our knowledge. In addition, with 
further studies published (8,11,12), there is a requirement for 
an updated review and meta‑analysis on this important topic. 
Therefore, the purpose of the present study was to perform a 
comprehensive updated review and meta‑analysis comparing 
AKI following the radial vs. femoral route of coronary 
catheterization.

Materials and methods

Inclusion criteria. The Population, Intervention, Comparison, 
Outcome and Study design model was used to select studies for 
this systematic review (13). Retrospective, as well as prospec‑
tive studies, were included in the analysis. To be included in 
the review, studies were required to have been conducted on 
adult patients (Population) requiring coronary catheterization 
for any reason (PCI or coronary angiography). Studies were 
required to compare the radial route (Intervention) with the 
femoral route (Comparison) for catheterization. The Outcome 
of the study was required to be the incidence of AKI. The 
definition of AKI was as per the included study. Studies not 
reporting relevant data, studies reporting duplicate data, 
single‑arm studies, case series, case reports, non‑English 
language studies and review articles were excluded. The 
Preferred Reporting Items for Systematic Reviews and 
Meta‑analyses guidelines were followed during the conduct of 
this systematic review (13).

Search strategy. A computerized literature search of the 
PubMed, BioMed Central, Scopus, Cochrane Central 
Register of Controlled Trials and Google scholar databases 
was performed. The search was conducted by two reviewers 
independently (CW and WC). Databases were screened 
from inception up to 1st January 2020. MeSH terms, as well 
as free‑text keywords, were used in the literature search. 
The entire search protocol, as well as the number of results 
obtained from the PubMed database, is presented in Table SI. 
The entries obtained were screened by their titles and abstracts 
for each database. Potentially relevant articles were then 
extracted and subsequently screened by their full text. Both 
reviewers assessed individual studies based on the inclusion 
criteria and resolved any disagreement by discussion. After 
screening, the bibliography of included studies, as well as 
review articles on the subject, were hand‑searched for any 
additional references.

Data extraction and risk of bias assessment. Using a 
pre‑formatted abstraction form, the reviewers extracted data 
from the included studies. Details including the first author 
name, publication year, sample size, demographic details, 
baseline characteristics of the study sample, definition of AKI, 
contrast volume and incidence of AKI were extracted.

The risk of bias of randomized controlled trials (RCTs) was 
assessed using the Cochrane Collaboration risk assessment 
tool for RCTs (14). Every study was assessed regarding the 
following domains: Random sequence generation, allocation 
concealment, blinding of participants and personnel, blinding 
of outcome assessment, incomplete outcome data, selective 
reporting and other biases. The risk of a bias assessment tool 
for non‑randomized studies was used to assess non‑RCTs (15). 
Studies were rated as having low risk, high risk, or unclear 
risk of bias for the following: Selection of participants, 
confounding variables, intervention measurements, blinding 
of outcome assessment, incomplete outcome data and selective 
outcome reporting.

Statistical analysis. Considering the methodological heteroge‑
neity of the included studies, a random‑effects model was used 
to calculate the pooled effect size for all analyses. The incidence 
of AKI between the radial and femoral routes was compared 
using the generic inverse‑variance method of DerSimonian 
and Laird. Odds ratios (ORs) with 95% CI were calculated. 
Retrospective studies, case‑control studies using propen‑
sity score matching and RCTs were grouped separately for 
calculating effect sizes (primary meta‑analysis). A sub‑group 
analysis was also conducted for non‑RCTs based on the 
definition of AKI. Where available, multivariable‑adjusted 
ORs of AKI for radial vs. femoral route were also obtained 
from non‑RCTs. All study‑specific ORs were then combined 
using inverse variance‑weighted averages of logarithmic 
ORs (secondary meta‑analysis). A sensitivity analysis was 
performed to assess the influence of each study on the pooled 
effect size for both the primary and secondary meta‑analysis. 
Heterogeneity was assessed using the I2 statistic. I2 values of 
25‑50% represented low, values of 50‑75% medium and >75% 
represented substantial heterogeneity. Visual inspection of 
funnel plots was performed to explore possible small‑study and 
publication biases. The software ‘Review Manager’ [version 
5.3; Nordic Cochrane Centre (Cochrane Collaboration)] was 
used for the meta‑analysis.

Results

Study selection and characteristics. After a comprehensive 
literature search, 19 studies were found eligible for full‑text 
analysis (Fig. 1). A total of 5 studies were then excluded, as 2 
reported data (16,17) from an already included RCT and the 
other 3 studies (18‑20) did not report on the incidence of AKI. 
A total of 14 studies were included in this systematic review 
and meta‑analysis (8‑12,21‑29).

The characteristics of the included studies are presented 
in Table I. Two studies (8,10) were RCTs, while the remaining 
studies were retrospective in nature. Furthermore, six 
retrospective studies utilized propensity score matching to 
harmonize the baseline characteristics of the study partici‑
pants (9,12,22,25,27,29). In the included studies, participants 
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underwent coronary catheterization for a variety of reasons. 
There was a wide variation in the sample size of included 
studies ranging from 30 participants per group to a maximum 
of 8,857 patients per group. The mean age of the study 
population was >60 years in all included studies. AKI was 
either defined as creatinine levels of ≥0.3 or ≥0.5 mg/dl post‑ 
procedure. However, the time‑lapse of AKI was not coherent 
amongst the included studies. A total of five studies measured 
creatinine levels within 48 h of the procedure, while 4 studies 
defined AKI as an increase in creatinine levels within 72 h of 
catheterization. The mean contrast volume was not reported 
in 4 studies (8,9,12,25). Baseline patient details of included 
studies are presented in Table II.

Primary meta‑analysis. The absolute incidence of AKI was 
extracted from individual studies and pooled for the present 
meta‑analysis. The pooled effect size of the two RCTs included 
in this review indicated that the radial route of coronary 
catheterization significantly reduced the incidence of AKI as 
compared to the femoral route (OR: 0.87, 95% CI: 0.77‑0.98, 
P=0.02, I2=0%; Fig. 2). Data of a total of 22,196 patients in 
6 studies were compared utilizing propensity score matching. 
Sub‑group analysis of these studies also revealed significantly 
reduced AKI with the radial route of catheterization (OR: 0.63, 
95% CI: 0.48‑0.83, P=0.0009, I2=45%; Fig. 2). Finally, anal‑
ysis of 6 retrospective studies wherein the two groups were 
not matched for baseline characteristics also demonstrated a 

Figure 1. Flow chart for the search and inclusion of studies in the present meta‑analysis.
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significant benefit of radial access in reducing AKI (OR: 
0.57, 95% CI: 0.36‑0.90, P=0.02, I2=86%; Fig. 2). Overall, 
when the data of the 21,479 patients in the radial group and 
25,337 patients in the femoral group were compared, the 
analysis indicated a 35% reduced incidence of AKI with the 
radial route (OR: 0.66, 95% CI: 0.54‑0.81, P<0.0001, I2=74%; 
Fig. 2). A certain amount of asymmetry was identified on 
visual inspection of the funnel plot (Fig. 3).

A subgroup analysis was performed for retrospective 
studies based on the diagnostic criteria for AKI. Two retro‑
spective studies defined AKI as an increase of ≥0.3 mg/dl of 
creatinine, while the remaining four considered >0.5 mg/dl of 
creatinine as AKI. On subgroup analysis, there was a signifi‑
cant advantage of the radial route when AKI was defined as 
≥0.3 mg/dl of creatinine (OR: 0.51, 95% CI: 0.27‑0.95, P=0.03, 
I2=33%), but not when the criterion was ≥0.5 mg/dl (OR: 0.60, 
95% CI: 0.31‑1.16, P=0.13, I2=86; Fig. 4). On the contrary, in 
studies utilizing propensity‑scored matched groups, the present 
analysis indicated no difference in AKI between the two groups 
when AKI was defined as ≥0.3 mg/dl of creatinine (OR: 0.68, 
95% CI: 0.17‑2.81, P=0.06, I2=72%), but a significantly reduced 
odds of AKI when it was defined as >0.5 mg/dl of creatinine 
(OR: 0.70, 95% CI: 0.59‑0.84, P=0.0001, I2=0%; Fig. 5).

Secondary analysis. Multivariable regression analysis was 
performed by 9 studies included in the review (12,21‑25,27‑29). 

Adjusted ORs were extracted from these studies and 
pooled for a meta‑analysis. The results from the secondary 
meta‑analysis indicated a 30% reduced odds of AKI with the 
radial route of catheterization as compared to the femoral 
route (OR: 0.70, 95% CI: 0.57‑0.88, P=0.002, I2=70%; 
Fig. 6). The funnel plot of the analysis demonstrated minimal 

Figure 2. Forest plot for the incidence of acute kidney injury for the radial vs. femoral route with sub‑group analysis based on study type. IV, inverse variance; 
df, degrees of freedom; RCT, randomized controlled trial.

Figure 3. Funnel plot for the incidence of acute kidney injury for the radial vs. 
femoral route based on study type. SE, standard error; OR, odds ratio; RCT, 
randomized controlled trial.
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asymmetry, with only two of the nine studies outside the 
funnel plot (on either side) (Fig. 7).

Sensitivity analysis and risk of bias assessment. Studies were 
sequentially excluded from both the primary and secondary 
meta‑analysis to assess the effect of individual studies on the 
pooled effect size. Detailed results of the sensitivity analysis 
are presented in Table III. For the primary meta‑analysis, 
there was no change in the significance of results with the 
exclusion of any study in the propensity score‑matched 
group. However, for retrospective studies, when the studies of 
Feldkamp et al (23) and Pancholy et al (21) were excluded, 
there was no significant difference in the incidence of AKI 
between the two groups. For the secondary meta‑analysis, 

there was no change in the significance of results after the 
exclusion of any study. The authors' judgement of risk of bias 
of included studies is presented in Table SII. For RCTs, suffi‑
cient information on allocation concealment and blinding of 
personnel and participants was not available. For retrospective 
studies, confounding variables were not taken into account in 
all studies and none reported blinding of outcomes. Overall, 
the risk of bias in the included studies was moderate.

Discussion

Coronary angiography and PCI are important diagnostic and 
management tools for treating coronary artery disease (CAD). 
With the increased incidence of CAD and improvements in 

Figure 4. Forest plot of retrospective studies for the incidence of AKI with sub‑group analysis based on the definition of AKI. AKI, acute kidney injury; 
IV, inverse variance; df, degrees of freedom.

Figure 5. Forest plot of propensity score‑matched studies for the incidence of AKI with sub‑group analysis based on the definition of AKI. AKI, acute kidney 
injury; IV, inverse variance; df, degrees of freedom.
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stent technology, a significantly larger number of patients are 
undergoing coronary catheterization (30). Concurrently, there 
is a growing need to limit post‑procedural complications and 
enhance clinical outcomes. The development of AKI after coro‑
nary catheterization is multifactorial, including both patient and 
procedural factors (3). The purpose of the present study was to 
gather evidence on whether the vascular access site influences 
the incidence of AKI in such patients. Analysis of 14 studies 
including a total of 46,816 patients revealed that compared with 
femoral access, radial access for PCI or coronary angiography 
may reduce the incidence of AKI by an estimated 34% (range: 
19‑46%).

It is important to note that the current meta‑analysis 
pooled a heterogeneous group of studies involving 2 RCTs, 
6 retrospective studies without matching the baseline 
study population and 6 studies utilizing propensity‑scored 
matched data. Individually, 7 studies (8,9,11,12,24,28,29) 
did not report any association between the vascular access 
site and AKI, while the remaining studies demonstrated 
a significantly reduced incidence of AKI with the radial 
route (10,21‑23,25‑27). Among the studies not reporting 
any difference between the radial and the femoral route 
were 1 RCT, 3 retrospective studies and 3 propensity‑scored 
matched studies.

Several factors, including age, hydration status, pre‑ 
existing diseases, medications and procedural characteristics, 
may influence AKI in a patient undergoing coronary cath‑
eterization. It is therefore essential that baseline patient and 
procedural factors are matched when assessing the difference 
in AKI between the radial and the femoral route. RCTs are 
designed to provide unbiased results, as they reduce the 
influence of confounding factors and have lower chances 
of systematic errors (31). In the case of deficiency of RCTs, 
the evidence is frequently generated from retrospective data 
using either propensity score matching or multivariate logistic 
regression adjustment (32). Propensity score matching is a 
quasi‑empirical correction strategy that attempts to decrease 
bias of treatment estimates in non‑randomized studies by 
forming matched sets of study and control groups (32,33). 
On the other hand, regression analysis is a commonly used 
statistical tool to assess the impact of an independent variable 
on a dichotomous dependent variable (33). Both techniques 
have been widely utilized in observation studies and have 
their own set of advantages and drawbacks. The superiority 
of one technique over the other is difficult to judge, as neither 
of them take into account unknown confounding factors 
that may affect the outcome (32). Therefore, to provide a 
broad perspective on the results of different study types and 
different matching techniques, different sets of analyses were 
performed in the present study. On subgroup analysis based 
on study type, the pooled analysis of the two RCTs indicated 
a 23% reduced incidence of AKI with the radial route of 
access. However, as the recent RCT by Samy et al (8) included 
just 30 patients in each group, the results were particularly 
influenced by the larger AKI‑MATRIX trial (10). Similar 
results were obtained on the pooling of data from retrospec‑
tive non‑adjusted studies, albeit with a wider 95% CI. The 
pooled analysis indicated a 43% reduced odds of AKI varying 
from 10 to 64%. The wide range and superior results were 
probably due to the influence of non‑adjusted confounding 
factors in these studies. Analysis of propensity score‑matched 
studies revealed a 37% reduced incidence of AKI (range, 
17‑52%) with the use of the radial access site. These figures 
closely concurred with the pooled multivariate‑adjusted ORs 
of 9 studies demonstrating a 30% (range, 12‑43%) reduced 
chance of AKI with radial as compared to the femoral route 
for coronary catheterization. Near identical results obtained 

Figure 7. Funnel plot of multivariate‑adjusted odds ratios for the incidence 
of acute kidney injury with the radial vs. femoral route. SE, standard error; 
OR, odds ratio.

Figure 6. Forest plot of multivariate‑adjusted odds ratios for the incidence of acute kidney injury with radial vs. femoral route. IV, inverse variance; df, degrees 
of freedom.
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with both propensity score and multivariate regression data 
in the present analysis provided strong evidence that the use 
of the radial access site significantly reduces the incidence of 
post‑procedural AKI.

Another important difference between the included studies 
was the definition of AKI. Contrast‑induced AKI as defined 
by the Kidney Disease: Improving Global Outcomes work‑
group in 2012 is an absolute increase in serum creatinine of 
≥0.3 mg/dl within 48 h or an increase of ≥25% from base‑
line (34). Alternatively, the Contrast Media Safety Committee 
of the European Society of Urogenital Radiology defines AKI 
as ≥0.5 mg/dl or ≥25% of the baseline increase in serum creat‑
inine within 72 h of contrast exposure (35). To evaluate the 

influence of the definition of AKI on study outcomes, studies 
defining AKI as a creatinine increase of ≥0.3 or ≥0.5 mg/dl 
were grouped. In the propensity score‑matched studies, there 
was no difference between the radial and femoral access site 
when AKI was defined as ≥0.3 mg/dl, but a significant advan‑
tage of radial access was observed when AKI was defined as 
≥0.5 mg/dl of creatinine. This may indicate that there may be 
no difference in the milder form of AKI with the use of either 
access site but a higher grade of AKI may be reduced with the 
radial route. However, due to limited studies in the analysis 
and contrasting results of the subgroup analysis of retrospec‑
tive studies, no strong conclusions can be drawn from this 
difference.

Table III. Results of the sensitivity analysis.

A, Propensity score‑matched studies    

Study excluded OR (95% CI) P‑value I2 (%) (Refs.)

Cortese et al 0.66 (0.50‑0.89) 0.006 46 (27)
Kooiman et al 0.59 (0.41‑0.86) 0.005 48 (25)
Kolte et al 0.62 (0.45‑0.86) 0.004 56 (29)
Gili et al 0.61 (0.47‑0.80) 0.003 47 (9)
Steinvil et al 0.71 (0.60‑0.85) 0.002   0 (22)
Kanic et al 0.59 (0.41‑0.84) 0.004 52 (12)

B, Retrospective studies    

Study excluded OR (95% CI) P‑value I2 (%) (Refs.)

Damluji et al 0.57 (0.34‑0.96) 0.04 88 (28)
Azzalini et al 0.62 (0.38‑0.99) 0.05 87 (26)
Feldkamp et al 0.53 (0.28‑1.01)a 0.06 84 (23)
Pancholy et al 0.61 (0.36‑1.01)a 0.05#6 86 (21)
Barbieri et al 0.54 (0.45‑0.66) <0.00001   0 (24)
Khalil et al 0.61 (0.38‑0.97) 0.04 88 (11)

C, Studies reporting multivariate‑adjusted OR    

Study excluded OR (95% CI) P‑value I2 (%) (Refs.)

Cortese et al 0.72 (0.57‑0.91) 0.006 73 (27)
Damluji et al 0.71 (0.56‑0.89) 0.003 74 (28)
Kooiman et al 0.69 (0.52‑0.90) 0.007 74 (25)
Kolte et al 0.69 (0.55‑0.88) 0.002 74 (29)
Feldkamp et al 0.71 (0.55‑0.91) 0.008 72 (23)
Pancholy et al 0.72 (0.57‑0.91) 0.006 72 (21)
Steinvil et al 0.76 (0.62‑0.92) 0.006 63 (22)
Barbieri et al 0.67 (0.58‑0.77) <0.00001 15 (24)
Kanic et al 0.69 (0.54‑0.89) 0.005 74 (12)

aChange in significance of results after exclusion of the study. OR, odds ratio.
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Two important reasons are thought to reduce the incidence 
of AKI with trans‑radial access. Bleeding events and access 
site complications are known risk factors for the development 
of AKI following coronary catheterization. As bleeding events 
are significantly reduced with the use of radial access, it is 
likely that the radial route provides a reno‑protective effect 
by limiting renal hypoperfusion (24). Furthermore, it is also 
postulated that the incidence of athero‑embolization is higher 
with femoral as compared to radial vascular access. Since 
the catheter passed via the femoral route comes in contact 
with thoracic and abdominal aortic atheroma, the catheter 
may scrape of plaque material, resulting in embolization to 
the renal vasculature (36). Since the radial route completely 
avoids these arteries, the risk of renal embolization is therefore 
significantly reduced.

The results of the present study should be interpreted 
considering the following limitations. First, only 2 RCTs were 
included in the analysis and majority studies were retrospective 
in nature. The lack of RCTs reduced the level of evidence and 
increased bias of the results. Despite using propensity score 
matching and multivariate regression adjustment, the influ‑
ence of all confounding factors on the study outcomes is not 
completely negated. Furthermore, there was methodological 
heterogeneity between the included studies concerning factors 
such as the study population, baseline patient characteristics, 
and definition and time‑lapse of AKI. Of note, the exact defini‑
tion of AKI varied among the included studies. This may have 
skewed the results of the present analysis. Finally, data about 
reno‑protective measures, including the use of hydration, 
was not available from the included studies. To what extent 
other AKI preventive measures were utilized in the radial and 
femoral groups is also not known.

As compared to the previous meta‑analysis (7), the present 
study was able to incorporate 4 further studies (8,11,12,24); it 
included the data of a total of 46,816 patients and is therefore 
a significant update. In addition to the subgroup analysis based 
on study type, the influence of the definition of AKI on the 
pooled effect size was also analyzed. Adjusted ORs from 
retrospective studies were also subjected to a meta‑analysis to 
provide comprehensive evidence on the subject. Except for the 
retrospective studies, the results of the present analysis were 
robust in terms of effect size and direction after the sensitivity 
analysis.

Within the limitations of the present study, the results 
indicated that, as compared to femoral access, the use of 
trans‑radial access for coronary catheterization significantly 
reduced the incidence of AKI. A reduction of AKI by ~34% 
may be expected with the use of radial access. In addition, 
there may be no difference in the milder form of AKI with the 
use of either access site and only a higher grade of AKI may 
be reduced with the radial route. Further large‑scale RCTs are 
required to strengthen the current evidence.
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