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ABSTRACT
Background Acute kidney injury (AKI) is a wellrecognised complication of cardiac catheterisation and
percutaneous coronary intervention (PCI). However, the
incidence of chronic kidney disease (CKD) after
catheterisation and PCI has not been fully evaluated.
A number of risk factors have been implicated in the
development of AKI following cardiac catheterisation.
Transradial access could lead to a lower incidence of
CKD after catheterisation or PCI because of less catheter
contact with aortic atheroma, and reduced potential for
atheroembolism.
Objective To determine the incidence of CKD onset and
its association with arterial access in patients after
cardiac catheterisation or PCI.
Methods and results Linkages between the British
Columbia (BC) Cardiac Registry (N¼69 214) patients
who underwent catheterisation or PCI between 1999
and 2005 and the BC Renal Database were determined.
Within 6 months after the cardiac procedure 0.4% of
patients developed dialysis dependency, 0.2% in the
transradial versus 0.4% in the transfemoral group
(p<0.0001); 0.3% of patients developed stage 4 or
5 CKD, 0.1% in the transradial versus 0.4% in the
transfemoral group (p<0.0001); 0.9% of patients
developed new CKD, 0.2% in the transradial versus 1.2%
in the transfemoral group (p<0.0001). After adjusting for
baseline characteristics the femoral access site had an
OR of 4.36 (95% CI 2.48 to 7.66) for the development of
the composite end point of new dialysis, new stage 4 or
5 CKD or new CKD.
Conclusions In this large database of current practice
coronary catheterisation and PCI, the incidence of CKD
onset within 6 months of the procedure was 0.9%. The
transradial access site is associated with less CKD than
the femoral approach.

INTRODUCTION
Acute kidney injury (AKI) is a well-recognised
complication after cardiac catheterisation and
percutaneous coronary intervention (PCI) and is
associated with increased morbidity and mortality.1e6 AKI under these circumstances is thought
to be due to the procedural use of radiographic
contrast (contrast-induced AKI) and cholesterol
emboli dislodged from the aorta by the diagnostic or guide catheter.7e9 The majority of
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AKI after catheterisation or PCI is transient;
however, a subset of patients require dialysis
support.3 10e12 The number of patients who
develop milder forms of chronic kidney disease
(CKD) has not been described. The risk factors for
AKI associated with contrast use and renal atheroemboli have been well studied,1e3 7 13 although
intervention strategies remain controversial and
varied.
The radial artery access is an alternative
approach to performing cardiac catheterisation and
PCI. It has advantages over the more traditional
transfemoral approach owing to the easier
compressibility of the radial artery and is associated
with fewer vascular complications, particularly
a reduction of access site bleeding.14e16 Furthermore, the radial approach may offer the additional
advantage of avoiding passage through potential
atheromatous aorta and renal vessels and may
reduce the incidence of atheromata or emboli to the
renal vascular beds.17 On the other hand, there have
been reports of higher contrast use with the radial
approach and concerns about possible subsequent
renal effects from this more extensive dye load.18
Thus, uncertainty remains as to whether the radial
access in comparison with the femoral access is
associated with a lower incidence of renal failure
after cardiac catheterisation or PCI. We undertook
the following study to determine the incidence and
risk factors, with speciﬁc attention to the arterial
access site, for the development of CKD, as deﬁned
below, and more functionally than has been
previously described after cardiac catheterisation
and PCI.

METHODS
Data linkage
The British Columbia Cardiac Registry (BCCR)
provides prospective demographic and procedural
data for all patients who have undergone a catheterisation or PCI in British Columbia, Canada since
1994. This obligatory database ensures standardised
data from all catheterisation centres is entered
prospectively after each procedure into a central
database maintained by a dedicated management
team. For purposes of this study, data were used
from all four centres that perform cardiac catheterisation and PCI. Demographic and clinical
parameters were recorded from the BCCR,
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Chronic kidney injury in patients after cardiac
catheterisation or percutaneous coronary
intervention: a comparison of radial and femoral
approaches (from the British Columbia Cardiac
and Renal Registries)
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Definition of new CKD status
We deﬁned new CKD status using a clinically based deﬁnition,
and taking advantage of the PROMIS database. Thus, change in
CKD status was considered present in patients who developed
kidney disease requiring dialysis support, new stage 4 or 5
CKD21 deﬁned as an eGFR of 15e29 or <15 ml/min, respectively, or were newly referred to nephrologists, and deemed CKD
by virtue of registration by the treating doctor, irrespective of
eGFR. We deﬁned a renal composite end point as belonging to
either of these categories. These deﬁnitions for CKD had to be
present within a window of 6 months after a cardiac catheterisation or PCI to be attributed to the event. The study was
approved by the ethics committee of the University of British
Columbia.

Protocols for prevention of AKI after catheterisation or PCI
All participating hospitals used intravenous hydration with
sodium chloride for prophylaxis in patients with renal failure
at baseline (eGFR<60 ml/min or creatinine >130 mmol/l) to
varying degrees. The catheter laboratory directors reported
infrequent use of N-acetylcysteine or sodium bicarbonate
before catheterisation or PCI during the study period of
interest.

Statistical analysis

The Pearson c2 test was used for comparison of categorical
variables. The independent samples t test (with equal or unequal

variance determined by Levine’s test), and analysis of variance
were used for comparison of means of continuous variables. A
p value of <0.05 was considered statistically signiﬁcant for all
analyses. Binary logistic regression was used to estimate the
effect of baseline characteristics on occurrence of the combined
renal end point, new dialysis, new stage 4 or 5 CKD (eGFR
<30 ml/min), or new referral to nephrology within 6 months
after catheterisation or PCI, with variables entered stepwise
using the forward conditional likelihood ratio with p-in ¼ 0.05
and p-out ¼ 0.10. Propensity score matching was employed to
compensate for differences in baseline conditions between
patients undergoing a radial and femoral approach. The conditional probability (propensity score) of kidney function deterioration given baseline conditions (excluding access site) was
estimated by binary logistic regression using a non-parsimonious
model for referral to nephrology within 6 months after cardiac
intervention based upon baseline clinical variables. The
propensity score was used to match radial-access patients with
femoral-access patients using stratiﬁcation by deciles. All
statistical calculations and analyses were performed using SPSS
version 15 (SPSS, Chicago, Illinois, USA.)

RESULTS
Derivation of the cohort is described in ﬁgure 1. Note that the
cohort of patients that underwent a cardiac procedure is vastly
bigger than the eventual cohort of interest.
Baseline patient characteristics and clinical data are shown
split by access site in table 1.
Differences between the radial and femoral cohorts were
statistically signiﬁcant for most clinical variables, given the large
sample size. Some of the differences noted may not be of clinical
signiﬁcance. The radial cohort was older, had more emergency
procedures, a higher proportion of PCI and a higher percentage
of patients underwent cardiac surgery within 6 months after
catheterisation or PCI. The femoral cohort had a lower baseline
eGFR, more patients with diabetes, congestive heart failure and
cardiogenic shock. The radial access was associated with lower
contrast use as compared with the femoral access for both
catheterisation (104.0664.6 vs 115.8677.0 ml) and PCI
(208.1698.7 vs 243.16133.3 ml).

Access site and incidence of dialysis, new stage 4 or 5 CKD or
new referral to nephrologist
Figure 2 shows the main outcome data, the incidence of dialysis,
stage 4e5 CKD (eGFR<30 ml/min), newly diagnosed kidney
disease and the composite renal end point within 6 months after
cardiac catheterisation or PCI for the radial and femoral access
respectively.
The incidence of new dialysis, new stage 4e5 CKD and newly
diagnosed kidney disease is low for the whole cohort (0.4%, 0.3%
and 0.9%) and lower for the radial than for the femoral access
site (0.2% vs 0.4%; p<0.0001, 0.1% vs 0.3%; p<0.0001, 0.2% vs
1.1%; p<0.0001). The combined renal end point occurred at
0.5% for the radial cohort and 2.2% for the femoral cohort
(p<0.0001).

Figure 1 Summary of procedures by
access site and entry in BC Provincial
Renal Agency database (Patient
Outcome and Management Information
System; PROMIS).
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including clinical urgency, indication, risk factors, comorbidities,
catheterisation or PCI, vascular access route, whether a second
catheterisation or PCI took place in the next 6 months and if
cardiac surgery (coronary artery bypass grafting and/or valve
surgery) was performed in the 6 months after a catheterisation
or PCI. Brachial access cases accounted for 0.1% of the entire
cohort and were excluded.
Decisions to use the radial versus femoral approach were
entirely operator dependent, and reﬂected ‘real-world’ practice.
Information about CKD was obtained by cross-referencing
BCCR data with information from the BC Provincial Renal
Agency database (Patient Outcome and Management Information System; PROMIS) so as to determine the incidence of new
cases of CKD, including dialysis and transplantation after
coronary angiography. The PROMIS database is similarly
obligatory, in that all patients in the province of British
Columbia are registered into this provincial database after being
referred to nephrologists and requiring care for CKD. Entry
criteria for the database include estimated glomerular ﬁltration
rate (eGFR) <60 ml/min/1.73m2 or diagnosis of kidney disease,
presumed to be chronic on the basis of biopsy diagnosis, ultrasound or clinical history of deterioration and having been
referred to a nephrologist.19 Patients who were undergoing
dialysis at the time of cardiac catheterisation (baseline) were
excluded.
eGFR was calculated using calibrated creatinine values and the
abbreviated MDRD equation, as described previously.20

Cardiac catheterisation
Table 1 Clinical variables in the whole cohort split by association with
access site

Age years (mean6 SD)
Age >75 years
BMI (kg/m2)
Male
Diabetes
Hyperlipidemia
Hypertension
Smoking current
Smoking quit
Congestive heart failure
EF>50%
EF 30e50%
EF<30%
Cerebro vascular disease
Peripheral vascular disease
eGFR (median) (ml/min)
eGFR<30 (ml/min)
eGFR30e60 (ml/min)
eGFR>60 (ml/min)
ACS
Catheterization only
PCI
Elective procedure
Urgent procedure
Emergent procedure
Contrast amount ml (cath)
Contrast amount ml (PCI)
Non-Ionic contrast
Low Osmolar contrast
Ionic contrast
Low Ionic contrast
Cardiogenic shock
Cardiac surgery <6 months after cardiac
event
Second event <6 months

Radial
n[13680

Femoral
n[54144

64.4611.2
17.5%
28.465.5
69.4%
20.8%
47.9%
51.4%
19.1%
41.9%
3.2%
82.3%
13.8%
3.9%
5.7%
8.9%
73.2
0.8%
22.2%
77.0%
48.6%
68.3%
31.7%
43.5%
48.8%
7.7%
104.0664.6
208.1698.7
53.7%
0.7%
37.0%
0.2%
0.2%
21.3%

63.9612.0
18.2%
27.765.2
67.1%
23.1%
59.5%
56.8%
17.1%
46.0%
11.3%
66.7%
27.2%
6.0%
8.3%
8.8%
72.7
2.0%
23.4%
74.6%
53.7%
81.3%
18.7%
43.2%
49.8%
7.0%
115.8677.0
243.16133.3
76.9%
4.0%
11.4%
0.3%
0.5%
20.3%

23.2%

22.5%

p Value
<0.0001
0.072
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

<0.0001
0.70
<0.0001
<0.0001

<0.0001
<0.0001
0.004

<0.0001
<0.0001
<0.0001

CKD in the matched groups of 10 670 radial and 10 670 femoral
patients was 15 in the former (0.1%) and 39 in the latter (0.4%),
(p¼0.001). New referral to nephrology in the matched groups of
8261 radial and 8261 femoral patients was 15 in the former
(0.2%) and 89 in the latter (1.1%), (p¼0.0001).

DISCUSSION
0.001
0.009
0.066

BMI¼Body Mass Index; EF¼Ejection fraction; eGFR¼estimated glomerular filtration rate;
ACS¼Acute coronary syndrome; PCI¼Percutaneous coronary intervention.

Logistic regression and associations of new CKD
Baseline characteristics from table 1 were used in binary logistic
regression for the composite renal outcome. The results are
shown in table 2.
The resulting independent predictors were age, emergency
procedure, diabetes, hypertension, cerebrovascular disease,
congestive heart failure, ionic contrast use, cardiac surgery
<6 months after cardiac event, a second event <6 months and
access site. The femoral access site was associated with a more
than fourfold increased risk for the composite renal end point
across the entire cohort. When patients with an eGFR<30 ml/
min at baseline were excluded from the analysis, the femoral
access site had an OR of 2.6 (95% CI 1.82 to 3.79) for the
development of the composite renal end point.

Propensity analysis
Three different matched sets were created to conform to the
groups in ﬁgure 2: patients who developed kidney disease
requiring dialysis support, new stage 4 or 5 CKD deﬁned as an
eGFR of 15e29 or <15 ml/min, respectively, or patients who
were newly referred to nephrologists. The incidence of new
dialysis in the matched groups of 12 980 radial and 12 980
femoral-access patients was 17 in the former (0.1%) and 40 in
the latter (0.3%), (p¼0.002). The incidence of new stage 4 or 5
1540

Figure 2 Comparison of the radial and femoral access site for PCI or
cardiac catheterisation on the outcomes dialysis <6 months for all
patients, estimated glomerular filtration rate (eGFR) <30 ml/min
<6 months for patients with baseline eGFR>30 ml/min, new referral to
nephrology <6 months for patients with eGFR>60 ml/min at baseline
and composite end point for adverse renal events. *p<0.0001.

In this large cohort analysis of contemporary practice coronary
catheterisation and PCI, the incidence of CKD onset within
6 months of the procedure is 0.9%. The transradial access site is
associated with less CKD than the femoral approach.
AKI is not uncommon after cardiac catheterisation and PCI
and is usually transient. A small proportion of patients continue
on chronic dialysis.10 11 If dialysis is needed after PCI it is
associated with a highly increased mortality rate.10 11 In our
study we found that the incidence of dialysis within 6 months
after catheterization or PCI was 0.4%, which is comparable to
the 0.4% incidence of dialysis found by Freeman et al10 and 0.7%
found by Gruberg et al.12 Unlike previous studies, which focused
on AKI or the need for dialysis, we report here the incidence of
new CKD stage 4e5 (eGFR<30 ml/min) in 0.3% of patients
with an eGFR > 30 ml/min at baseline and newly diagnosed
kidney disease within 6 months after a catheterisation or PCI in
Table 2 Multivariate predictors of composite end point for adverse
renal events using binary logistic regression
OR (95% CI)
Age
Emergency
Urgency
Diabetes
Hypertension
Cerebrovascular disease
Congestive heart failure
Ionic contrast use
Cardiac surgery <6 months after cardiac event
Second event <6 months
Femoral access

1.02
2.05
0.57
1.44
1.27
1.53
2.38
0.24
4.42
1.46
4.36

(1.01
(1.38
(0.46
(1.15
(1.02
(1.08
(1.80
(0.12
(3.57
(1.11
(2.48

to
to
to
to
to
to
to
to
to
to
to

p value
1.03)
3.06)
0.71)
1.81)
1.59)
2.16)
3.15)
0.48)
5.48)
1.92)
7.66)

0.001
<0.0001
<0.0001
0.002
<0.0001
0.016
<0.0001
<0.0001
<0.0001
0.006
<0.0001
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Variables
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Limitations and strengths
The data are non-randomised and therefore serve to generate
hypotheses rather than proving that the radial approach may have
fewer long-term complications. By adjusting for all known
recorded variables we have controlled for differences in risk
between the femoral and radial cohorts, which might otherwise
account for the observations. Nonetheless, unknown confounders
of risk difference between the radial and femoral cohorts may
persist. There was a difference in radial access use between the
different PCI centres. One of the centres performed a majority of
cases through the radial access approach (71.1%), whereas the
other centres used radial access only in a minority of cases (4.4%,
3.0% and 1.3%, respectively). This can potentially introduce bias
through a ‘centre effect’. However, in examining the various risk
factor proﬁles, these patients appeared sicker, which would
conservatively bias the difference estimates against the radial
access site.
Explaining the potential contributors to the outcomes
requires more detailed review. A number of differences are
determined
1. Contrast use was lower in the radial group than in the
femoral group. This is the ﬁrst time such a difference has been
found in a large study cohort. Earlier, smaller, studies have
found both higher18 and equal23 24 usage of contrast with the
radial access, but this is the ﬁrst study to describe
a consistently lower use of contrast in transradial procedures.
This may be explained, at least partly, as due to increased
overall experience with radial access catheterisation and PCI.
In this study the amount of contrast was not an independent
predictor for renal outcomes; however, earlier studies have
found an important association between contrast volume use
and incidence of AKI.2 10 11 13 25 26
2. Cholesterol embolisation is a well-recognised, although rare,
complication after cardiac catheterisation that has been
implicated in the development of renal dysfunction in
w0.9% of patients.7 The abdominal aorta is one of the areas
most heavily affected with atherosclerotic plaque, and aortic
‘scraping’ has been documented with coronary catheter
advancement2 27 through the femoral access. This can
disrupt plaque material and induce renal cholesterol
emboli.17 A recent study found that most patients with an
iatrogenic form of atheroembolic renal disease had cardiac
catheterisation via the femoral artery as the most common
precipitating factor.9 When the catheter is advanced through
the radial access it has less contact with aortic atheroma and,
potentially, a reduced likelihood of renal atheroembolisation.
However, since we do not have data on cholesterol emboli in
both groups, this explanation remains speculative.
3. A third possibility is that the radial access leads to less CKD
because it reduces access site bleeding16 and reduces the need
for blood transfusion after PCI as compared with the femoral
access.28 Bleeding has been shown to be associated with AKI
after PCI2 and low haematocrit before PCI is a risk factor for
contrast-induced AKI.29 A recent study also found blood
transfusion to be an independent predictor of post-PCI
Heart 2010;96:1538e1542. doi:10.1136/hrt.2009.192294

nephropathy.30 In a recent cardiac surgical study perioperative
anaemia and blood transfusion were independently associated
with the development of AKI.31 Even though we do not have
data on bleeding and blood transfusion in our study, this is
a potential explanation for at least some of the observed
difference in renal outcomes between the radial and femoral
approach. The other independent predictors that were found
for the combined renal end point were age, emergency
procedure, diabetes, hypertension, cerebrovascular disease,
congestive heart failure, cardiac surgery within 6 months
after the catheterisation or PCI and a second procedure within
6 months. Age, emergency procedure, diabetes, hypertension,
cerebrovascular disease, congestive heart failure and cardiac
surgery have also been described as independent risk factors
for AKI2 4 13 25 31 and dialysis10 12 by others. A second
procedure within 6 months after the original procedure can be
expected to be a predictor of CKD because of the additional
associated risk of a new catheterisation or PCI. Many of these
risk factors were present in the radial group.
The data we present are observational, and non-randomised,
albeit prospectively collected in real time. Thus, the limitations of
this study design are clear. We have depended on statistical
methods to adjust for differences between the radial and femoral
cohorts, which were statistically, though possibly not clinically,
signiﬁcant for most clinical variables. Of course, we were not able
to control for residual confounding of variables not readily
available in the database, nor adjust for potential differences in
classiﬁcation/ categorisation of variables in different clinical
centres.
Although a strength of this study is the very large number of
patients and procedures, even minor differences in demographics
become highly statistically signiﬁcant (table 1) and thus caution
should be used in reviewing some of the comparisons.

CONCLUSIONS
In this large database of current practice coronary catheterisation
and PCI, the incidence of CKD onset within 6 months of the
procedure is 0.9%, and the transradial access site appears to be
associated with less new CKD than the femoral approach. Since
this conclusion is based on observational and non-randomised
data, this study is primarily hypothesis generating. This observation needs conﬁrmation by other large registries and randomised prospective trials, as the implications for high-risk
populations regarding PCI related CKD may be profound.
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