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Introduction: The impact of drug-eluting stents (DES) has not been extensively investigated in patients with
moderate to severe renal dysfunction, as these patients are consistently excluded from randomised studies.
We sought to assess prospectively the effectiveness and safety of the new-generation DES in patients with
moderate chronic kidney disease (CKD) and an isolated de novo lesion in the proximal segment of the left
anterior descending artery (pLAD).
Methods: We evaluated 400 consecutive patients with a pLAD lesion. There were 96 patients with moderate
CKD (estimated glomerular filtration rate ≤59 ml/min/1.73 m2) and 304 without CKD. Major adverse cardiac events (MACE) were defined as death, non-fatal myocardial infarction and target lesion revascularisation
(TLR). Clinical or telephone follow up was performed.
Results: There was a significantly higher incidence of mortality in patients with CKD (n=4) as compared
with non-CKD (n=2) (4.16% versus 0.65%, respectively, p=0.03). The rate of non-fatal myocardial infarction was similar in the 2 cohorts (p=0.59), as was the TLR rate (p=0.99). Overall, there were no significant
differences regarding MACE between the 2 groups of patients (p=0.19) during the 13.62 ± 6.22 month follow-up period. The rate of angiographic stent thrombosis was 2.08% in the CKD group versus 0.98% in the
non-CKD group (p=0.59).
Conclusions: New generation DES implantation in patients with CKD and a pLAD lesion is effective and safe,
with rates of TLR and stent thrombosis comparable to those in patients with normal renal function. However,
the higher mortality in patients with CKD needs further evaluation.

L

esions in the proximal segment of
the left anterior descending artery
(pLAD) present great clinical interest regarding treatment approach, as
this particular anatomical location of the
atherosclerotic plaque is associated with
increased mortality.1,2 The use of drug-eluting stents (DES) has improved the clinical and angiographic outcome compared
to bare-metal stents. Sirolimus- and paclitaxel- eluting stents, the most exten-

sively studied DES with long-term results,
have demonstrated favourable outcomes
in patients with a pLAD lesion.3-7 Similarly, the new-generation DES, zotarolimusand everolimus-eluting stents, have been
shown to be effective and safe in patients
with coronary artery disease undergoing
percutaneous coronary intervention.8-13
The existence of comorbidities such
as renal dysfunction in patients with cardiovascular disease is associated with in(Hellenic Journal of Cardiology) HJC • 103
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creased mortality and morbidity as compared with patients with normal renal function.14-16 Furthermore,
patients with renal dysfunction who undergo percutaneous coronary intervention with balloon angioplasty
or bare-metal stent implantation have an increased
mortality rate (up to 46.6%) during the follow-up period, probably due to the coexistence of more cardiovascular risk factors that increase the rate of death
and other cardiovascular events. In addition, renal
impairment seems to be an independent predictor
for an increased mortality rate.17-25 Therefore, apart
from the location and the severity of coronary artery
lesions, the presence of renal impairment in patients
with coronary artery disease constitutes an independent variable predicting the short- and long-term results after percutaneous coronary intervention.22 In
the DES era, limited data exist regarding their effectiveness and safety in patients with moderate to severe renal dysfunction, as these patients are often excluded from large, randomised trials.26-33 In this limited number of studies, first-generation DES have
shown a higher mortality rate in patients with renal
failure, mainly due to the coexistence of comorbidities.
The aim of the present study was to evaluate prospectively the effectiveness and safety of new-generation DES in patients with moderate chronic kidney
disease (CKD) and an isolated de novo lesion in the
pLAD.
Methods
Study population
The study population consisted of 400 consecutive
patients who were treated in our cardiovascular department from June 2006 to July 2008. Of these, 96
patients had moderate to severe CKD, defined as an
estimated glomerular filtration rate (eGFR) ≤59 ml/
min/1.73 m2, and were not on dialysis, while the remaining 304 patients had normal renal function (nonCKD group). The patients in our study population
had an isolated significant (>75%) de novo pLAD lesion extending from the ostium to the first diagonal
branch. The clinical symptomatology was chronic stable angina or stress-induced ischaemia. Patients with
left main and multivessel disease, low ejection fraction (EF <30%), acute coronary syndromes or myocardial infarction during the month prior to intervention, and contraindications for long-term administration of dual antiplatelet therapy were excluded from
104 • HJC (Hellenic Journal of Cardiology)

our study. Patients with comorbidities such as cancer
(receiving chemotherapy or radiotherapy), or with
immunological diseases were also excluded from the
study. Clinical follow up was performed in all patients
by interview in our department or by telephone. All
patients were scheduled to undergo myocardial scintigraphy at 6 months after DES implantation. Written
informed consent was obtained from every patient.
Our study protocol was approved by the Hospital
Ethics Committee.
Angiographic analysis
Lesions were characterised according to the modified
American College of Cardiology/American Heart Association classification. To specify the grade of stenosis as a percentage, we compared the critical portion
of stenosis with the lumen of the normal vessel, both
proximal and distal to the stenosis area, as a reference. Restenosis was defined as stenosis of more than
50% of the luminal diameter. The angiographic analysis was performed based on coronary angiography
for both study groups.
Definitions and endpoints
Restenotic lesions were classified angiographically
according to the Mehran classification, as follows:34 I.
focal (<10 mm); II. diffuse (>10 mm without extending outside the margins of the stent); III. proliferative
(>10 mm extending the margins of the stent); IV. total occlusion.
The incidence of thrombotic events was assessed
as total coronary artery occlusion indicated by abrupt
onset of symptoms, elevated biochemical markers
and electrocardiographic changes consistent with a
myocardial infarction. Stent thrombosis was classified according to the Academic Research Consortium
(ARC) and was defined as definite (angiographic or
pathological confirmation of stent thrombosis), probable (any unexplained death within 30 days after the
procedure, or myocardial infarction related to documented acute ischaemia in the territory of the implanted stent, without angiographic confirmation of
stent thrombosis), or possible (any unexplained death
after 30 days). Stent thrombosis was also classified
according to the timing of the occurrence of stent
thrombosis: acute (within 24 h post implantation),
subacute (1-30 days), late (>30 days to 1 year), and
very late (>1 year).35
The primary endpoint of the study was the inci-
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dence of major adverse cardiac events (MACE), including death, non-fatal myocardial infarction and
clinically driven target lesion revascularisation (TLR).
TLR was defined as any surgical or percutaneous reintervention at the target lesion. In the case of MACE,
the time interval between intervention and occurrence was specified. All deaths that could not be clearly attributed to another cause were considered cardiac
deaths. Stent thrombosis events were also recorded.
Percutaneous coronary intervention
All patients were scheduled to receive dual antiplatelet therapy prior to percutaneous coronary intervention with 100 mg of aspirin and a loading dose of
300 mg clopidogrel. Percutaneous coronary intervention was performed using standard techniques and
we used zotarolimus-eluting stents (ENDEAVOR,
Medtronic, Santa Rosa CA, USA) or everolimuseluting stents (XIENCE V, Abbott Cardiovascular
System, Abbott Vascular Company, CA, USA). The
decision whether to implant everolimus-eluting stents
or zotarolimus-eluting stents was left to the operator’s discretion and was driven by the availability of
stent sizes. Femoral or brachial accesses were performed during percutaneous coronary intervention.
During the intervention all patients received 70 units/
kg bolus IV of unfractionated heparin to maintain an
activated partial thromboplastin time at least 2 to 3
times greater than the control value. Predilation of
the target lesion and administration of platelet glycoprotein IIb-IIIa inhibitors for 24 hours after the intervention were also left to the operator’s discretion. By
protocol in our department the target lesion is scheduled to be covered by a single DES. In cases where
additional DES were required, the same type of DES
was implanted. The combined antiplatelet treatment
was scheduled to be administered continuously for
at least 12 months after percutaneous coronary intervention, whereas aspirin was prescribed indefinitely.
Evaluation of renal function
The serum creatinine level was measured in all patients before the procedure in our department and
was used to calculate the estimated glomerular filtration rate (eGFR) using the Level Modification of
Diet in Renal Disease.36 According to the National
Kidney Foundation’s Kidney Disease Outcome Quality Initiative Advisory Board, moderate CKD was defined as a calculated eGFR of 30-59 ml/min/1.73m2.36

Statistical analysis
Data for categorical variables are expressed as the
number and the percentage of patients. For continuous variables, data are expressed as mean ± SD and
were compared using the unpaired Student’s t-test.
Fisher’s exact test or a chi-square test was used for
the comparison of categorical variables. Event rates
were estimated by the Kaplan-Meier method and
compared by means of the log-rank test. A p-value of
less than 0.05 was considered significant. All analyses
were performed using StatView statistical software
(version 5.0).
Results
Patients from the CKD group were older and had a
higher rate of hypertension, whereas the non-CKD
group patients included a higher percentage of current smokers and males (Table 1). The majority of
the lesions were type B1 and B2, 77.08% in the CKD
group and 84.86% in the non-CKD group. There
were no differences in the procedural characteristics
between the two groups, as the total diameter, length,
inflation pressure and the number of DES were comparable (Table 2).
Clinical follow up
The rate of death was higher in patients with CKD
compared to patients from the non-CKD group: 4 patients (4.16%) versus 2 patients (0.65%), respectively,
p=0.03. Specifically, 3 patients from the CKD group
suffered sudden death at 6, 12, and 26 months after
DES deployment. The fourth patient died from subacute thrombosis 7 days after DES implantation. In the
non-CKD group, sudden death occurred at 2 months
after DES implantation in one patient and at 8 months
in the other. There were no differences in the rates
of non-fatal myocardial infarction (p=0.59) or TLR
(p=0.99) between the two cohorts. One patient from
the CKD group (1.04%) underwent percutaneous coronary intervention 2 years after DES deployment for
focal restenosis, and 6 patients (1.97%) from the nonCKD group underwent percutaneous coronary intervention at 7.08 ± 1.08 months after DES implantation because of restenosis, focal in 4 and diffuse in 2.
In addition, one patient from the CKD group underwent coronary artery bypass grafting for focal restenosis, while the 3 patients from the non-CKD group
underwent surgical revascularisation for restenosis at
7.94 ± 3.14 months. One patient from the latter group
(Hellenic Journal of Cardiology) HJC • 105
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Table 1. Demographic characteristics of the study population.
CKD (n=96)
Age (years)
Male gender (%)
BMI
EF (%)
Diabetes mellitus (%)
Oral medication (%)
Insulin
Current smokers (%)
Previous smokers (%)
Hypertension (%)
Under anti-hypertensive treatment (%)
Family history (%)
Hypercholesterolaemia (%)
Under statin medication (%)
Prior MI >1 month (%)
Treatment at discharge:
Aspirin
Statins
ACE inhibitors
Nitrates
B-blockers
ARB
Calcium antagonists
Clopidogrel
Serum creatinine (mg/dl)
eGFR (ml/min/1.73 m2)

Non-CKD (n=304)

p

66.88 ± 10.32
65 (67.70%)
27.62 ± 3.39
54.2 ± 7.3
35 (36.45%)
31 (88.57%)
4 (11.42%)
27 (28.12%)
26 (27.08%)
68 (70.83%)
58 (85.29%)
31 (32.29%)
67 (69.79%)
55 (82.08%)
15 (15.62%)

58.96 ± 11.20
261 (85.85%)
28.39 ± 5.08
53.4 ± 7.3
94 (30.92%)
87 (92.55%)
7	 (7.44%)
152 (50%)
82 (26.97%)
175 (57.56%)
166 (94.85%)
113 (37.17%)
211 (69.40%)
152 (72.03%)
52 (17.10%)

0.001
0.001
0.16
0.35
0.31
0.52
0.30
0.002
0.99
0.02
0.34
0.39
0.99
0.24
0.87

96 (100%)
70 (72.91%)
37 (38.54%)
45 (46.87%)
66 (68.75%)
25 (26.04%)
16 (16.66%)
96 (100%)
1.45 ± 0.67
50.38 ± 9.37

304 (100%)
244 (80.26%)
146 (48.02%)
136 (44.73%)
225 (74.01%)
75 (24.67%)
40 (13.15%)
304 (100%)
0.98 ± 0.14
81.51 ± 13.36

–
0.15
0.12
0.72
0.35
0.78
0.40
–
0.001
0.001

CKD – Chronic kidney disease; BMI – body mass index; EF – ejection fraction; MI – myocardial infarction; ACE – angiotensin converting enzyme; ARB –
angiotensin II receptor blockers; eGFR – estimated glomerular filtration rate.

Table 2. Angiographic and procedural characteristics of the study population.
CKD (n=96)
AHA/ACC lesion class:
A
B1
B2
C
Procedural characteristics:
Mean number of stents
Mean stent diameter (mm)
Mean stent length (mm)
Mean inflation pressure (atm)
Everolimus-eluting stent
Zotarolimus-eluting stent

16
36
38
6

(16.66%)
(37.50%)
(39.58%)
(6.25%)

1.26 ± 0.63
2.92 ± 0.32
18.53 ± 4.26
15.14 ± 1.64
59 (61.45%)
37 (38.54%)

Non-CKD (n=304)
34
135
123
12

p

(11.18%)
(44.40%)
(40.46%)
(3.94%)

0.16
0.23
0.90
0.39

1.24 ± 0.54
2.96 ± 0.34
19.04 ± 4.44
15.30 ± 1.48
203 (66.77%)
101 (33.22%)

0.83
0.27
0.32
0.37
0.38
0.38

AHA – American Heart Association; ACC – American College of Cardiology; CKD – chronic kidney disease.

had a total occlusion and the other 2 had focal restenosis. The incidence of angiographic stent thrombosis
was 2.08% in the CKD group versus 0.98% in the nonCKD group (p=0.59). Subacute thrombosis was observed in 1 patient (1.04%) from the CKD group and
in 2 patients (0.65%) from the non-CKD group, while
1 patient from each group experienced late thrombo106 • HJC (Hellenic Journal of Cardiology)

sis. Of these, only 1 patient from the CKD group had
stopped the dual antiplatelet therapy 4 months after
DES implantation. The remaining 4 patients were under combined antiplatelet therapy when they experienced angiographically documented thrombosis. The
incidence of definite/probable/possible stent thrombosis according to the ARC definition did not differ sta-
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Table 3. Stent thrombosis.

Acute
0 (0.0%)
Subacute
1 (1.04%)
Late
1 (1.04%)
Very late
0 (0.0%)
Definite
2 (2.08%)
Total
6 (6.25%)
(definite/probable/possible)

Non-CKD (n=304)
0
2
1
0
3
8

(0.0%)
(0.65%)
(0.32%)
(0.0%)
(0.98%)
(2.63%)

1

p
–
0.56
0.42
–
0.59
0.11

.8
Event-free survival

CKD (n=96)

.6

.4

CKD – chronic kidney disease.

tistically between the 2 groups, although there was a
higher rate of total thrombotic events in patients with
CKD (6.25% in CKD group vs. 2.63%, p=0.11; Table
3). Overall, there was a higher incidence of MACE in
the CKD group, although a statistically significant difference was not found (8.33% vs. 4.60%, p=0.19) during the 13.62 ± 6.22 month follow-up period (Table
4). Finally, the event-free survival curve was similar in
both groups: 91.66% in the CKD group vs. 95.39% in
the non-CKD group (p=0.21) (Figure 1).
Discussion
The main finding of this study was that patients with
moderate CKD and an isolated de novo pLAD lesion,
suffering from chronic stable angina, who underwent
percutaneous coronary intervention with new-generation DES implantation, demonstrated a higher mortality rate during a mid-term follow-up period. In addition, new generation DES demonstrated their effectiveness and safety in patients with CKD, as the
TLR and thrombosis rate were comparable with the
non-CKD group.
It has repeatedly been documented that the presence of renal impairment in patients who undergo

CKD group
Non-CKD group

.2

0

P=0.21
0

5

10

Time

15

20

25

Figure 1. Kaplan-Meier survival curve. Freedom from major adverse cardiac events (MACE) in patients with and without chronic
kidney disease (CKD). There is no statistical difference between
the 2 groups of patients (p=0.21).

percutaneous coronary intervention with balloon angioplasty or stenting is strongly associated with adverse outcomes regarding the survival rate.17-25 Similarly, until recently, the mortality rate in patients with
renal failure who undergo percutaneous coronary intervention with DES deployment does not seem to
improve, according to prior reports.26-33 Specifically,
the rate of death in our study was 4.16% in patients
with CKD, which was lower than the mortality reported in previous studies (7.6-29.2%). This difference may be partly explained by the fact that previous studies included patients with left main and multivessel coronary artery disease, saphenous vein graft

Table 4. Clinical outcomes during follow-up period.
CKD (n=96)
Death
Cardiac
Non-fatal MI
TLR
PCI
CABG
MACE

4
4
2
2
1
1
8

(4.16%)
(4.16%)
(2.08%)
(2.08%)
(1.04%)
(1.04%)
(8.33%)

Non-CKD (n=304)
2
2
3
9
6
3
14

(0.65%)
(0.65%)
(0.98%)
(2.96%)
(1.97%)
(0.98%)
(4.60%)

p
0.03
0.03
0.59
0.99
0.99
0.99
0.19

CKD – chronic kidney disease; MI – myocardial infarction; TLR – target lesion revascularisation; PCI – percutaneous coronary intervention; CABG –
coronary artery bypass grafting; MACE – major adverse cardiac events.
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lesions, more complicated lesions, and patients with
acute coronary syndromes.26,29,30,33,37 Therefore, the
study populations of those studies were associated
with a higher risk profile and consequently with an
increased rate of adverse clinical outcomes. Notably, there have been few studies which have shown
comparable results to our study regarding the mortality rate (4.3% and 4%).27,32 Possibly, these studies
included patients with milder renal impairment and
therefore a better survival rate was found. In addition, Lemos et al have shown that renal impairment
seems to be an independent predictor of mortality at
one-year follow up after percutaneous coronary intervention (unadjusted hazard ratio 2.15, p=0.03),
regardless of associated risk factors in this subset of
patients.30 In the present study our group of patients
with CKD was not associated with a higher rate of comorbidities, apart from the increased prevalence of
hypertension and advanced age.
Despite the higher mortality in patients with CKD,
the impact of restenosis after DES implantation does
not seem to be affected by the coexistence of CKD.
Specifically, the rate of revascularisation in the present
study was 2.08%, lower than in previous studies that
reported a rate of target vessel revascularisation ranging from 4.0-7.0%.27,30-32,37 These findings may support
the hypothesis that renal disease is not correlated with
the rate of target revascularisation due to restenosis.
Hence, results from the use of DES in this particular
subset of patients are similar to those in patients without CKD, as has already been demonstrated in previous large randomised studies.8,10,38,39
In the DES era, renal failure seems to be a significant risk factor for stent thrombosis.40-42 The precise
mechanism of stent thrombosis in renal impairment
has not yet been well clarified. It is likely that the inflammatory process of renal impairment may cause
a deterioration in vascular endothelium, platelet dysfunction and coagulopathy.43,44 Thus, these factors
may contribute to the increase in stent thrombosis in
patients with renal disease.43,44 Additionally, the resistance to or interruption of dual antiplatelet therapy
may be a predictor of thrombosis.45,46 Therefore, in patients who undergo percutaneous coronary intervention with DES implantation, dual antiplatelet therapy
is mandatory for a long period.47-49 However, in our
study a trend towards an increased rate of total thrombosis in the CKD group was found (6.25%), as compared to the non-CKD group (2.63%). Interestingly,
only one patient with angiographic stent thrombosis
from the CKD group had discontinued the dual anti108 • HJC (Hellenic Journal of Cardiology)

platelet therapy. Consequently, according to the results
of this study, the impact of the discontinuation of dual
antiplatelet therapy does not seem to affect the thrombosis rate in CKD patients. On the other hand, and of
particular interest, is the fact that the observed results
may be explained by a low response to the dual antiplatelet therapy due to resistance to these substances.
Genetic and acquired factors are implicated as a mechanism in the resistance to dual antiplatelet therapy.50
This may necessitate an evaluation of platelet function
prior to the administration of medication.
This was a single-centre study with a relatively
small sample of patients. Nevertheless, the mid-term
follow up and the prospective enrolment of patients
allow us to reach safe conclusions regarding the treatment approach in patients suffering from CKD.
Conclusion
Percutaneous coronary intervention with new-generation DES in the pLAD of patients suffering from
chronic stable angina with CKD is associated with increased mortality. However, the rates of target lesion
revascularisation and angiographically documented
thrombosis are comparable to those in patients with
normal renal function. Thus, even in a low-risk population the severity of CKD should be considered prior
to the procedure of DES implantation.
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