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Abstract
Chronic kidney disease (CKD) is associated with a high
burden of coronary artery disease. In patients with
acute coronary syndromes (ACS), CKD is highly prevalent and associated with poor short- and long-term outcomes. Management of patients with CKD presenting
with ACS is more complex than in the general population because of the lack of well-designed randomized
trials assessing therapeutic strategies in such patients.
The almost uniform exclusion of patients with CKD from
randomized studies evaluating new targeted therapies
for ACS, coupled with concerns about further deterioration of renal function and therapy-related toxic effects,
may explain the less frequent use of proven medical
therapies in this subgroup of high-risk patients. However, these patients potentially have much to gain from
conventional revascularization strategies used in the
general population. The objective of this review is to
summarize the current evidence regarding the epidemiology and the clinical and prognostic relevance of CKD
in ACS patients, in particular with respect to unresolved
issues and uncertainties regarding recommended medical therapies and coronary revascularization strategies.

INTRODUCTION
Chronic kidney disease (CKD) is associated with accelerated atherogenesis, due to the presence of both traditional and non-traditional (related to the underlying uremic
state) risk factors, and any degree of renal insufficiency
portends a worsened prognosis in patients with coronary
artery disease[1,2]. The adverse influence of CKD has
been also demonstrated in the setting of acute coronary
syndromes (ACS)[3-11]. Indeed, among ACS patients, CKD
doubles mortality rates and is third only to cardiogenic
shock and congestive heart failure as a predictor of
mortality[12]. Antithrombotic agents and percutaneous
coronary interventions (PCI) are clearly emerging as the
cornerstones of treatment patterns in patients presenting
with ACS[13]. However, despite the increasing number of
CKD patients with a broad range of ACS at presentation,
evidence-based data with established or newer drugs and
interventional strategies are still lacking in this population
because CKD patients have typically been excluded from
randomized trials. Ideally, these are the patients to whom
recent therapeutic advances should be aggressively applied, in order to minimize their increased risk. However,
application of strategies for reducing cardiovascular morbidity and mortality seem to be limited in CKD patients,
when compared to patients with normal renal function.
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The currently high prevalence of CKD patients in the
setting of ACS represents a strong incentive to development of targeted strategies from well-designed research,
which will ultimately reduce the burden of risk in this
population and achieve improved outcomes. CKD is
present in a substantial proportion of patients with ACS;
indeed, large registries report that almost 40% of patients
with non-ST-elevation myocardial infarction (NSTEMI),
and 30% of those with ST-elevation myocardial infarction
(STEMI), have CKD, as defined by an estimated glomerular filtration rate (eGFR) < 60 mL/min per 1.73 m2[14,15].

tial observation that revealed the poor prognosis faced
by patients with Stage 5 CKD who suffer from acute
myocardial infarction. Using the US Renal Data System
database, the investigators examined the outcome of
34 189 patients on long-term dialysis after a first episode
of acute myocardial infarction, and documented an inhospital mortality of 26% and 1-year and 2-year mortality
rates of 59% and 73%, respectively. These observations
were confirmed by Chertow et al[4] who reported a 30-d
mortality rate of 20% and a 1-year mortality rate of 53%
after acute myocardial infarction, in 640 patients with
Stage 5 CKD. Beattie et al[5] extended the investigation
to patients with CKD who were not on dialysis therapy.
They analyzed a prospective coronary care unit registry
of 1724 patients with STEMI admitted over an 8-year period at a single tertiary-care center. Patients were stratified
into groups based on different corrected creatinine clearance (CrCl) values. A graded rise in in-hospital complications and death rate, as well as a reduction in long-term
survival, were observed across increasing CKD strata. This
study, as well as another one by McCullough et al[20] showed
a similar graded increase in the relative risk of atrial and
ventricular arrhythmias, heart block, asystole, pulmonary
congestion, and cardiogenic shock in parallel with decrease
in renal function. Two following large studies revealed the
significant morbidity and mortality risk faced by STEMI
patients with even minor CKD. Wright et al[6] examined
treatment patterns, in-hospital complications, and shortand long-term survival in 3106 patients with STEMI in
relation to their renal function. CrCl values, derived by
the Cockcroft-Gault formula from serum creatinine (sCr)
concentration[21], were used to stratify patients into five
groups. They observed a gradient of increased risk of
death in all groups of patients with CKD, even in those
with mild renal impairment: in-hospital mortality was
2% in patients with normal renal function and progressively increased to 6%, 14%, 21% and 30% in parallel
with renal function worsening. Patients with CKD also
developed more STEMI-related complications, including
atrial fibrillation, congestive heart failure, and mechanical
complications.
Similar findings were also reported by Shlipak et al[7]
in 130 099 elderly patients (age ≥ 65 years) with acute
myocardial infarction (about 30% of whom had STEMI).
In this large cohort study, CKD turned out to be strongly
associated with survival after acute myocardial infarction.
In particular, 1 mo after hospital admission, mortality for
patients with moderate renal impairment (as defined by
sCr level between 2.5 and 3.9 mg/dL) was 44%, compared with 13% for patients who had relatively normal
renal function.
All these, as well as further studies, like a Danish
study evaluating 6252 patients included in the TRAndopril Cardiac Evaluation register[22], and a recent large
study, the Acute Coronary Treatment and Intervention
Outcomes Network (ACTION) registry, including 19 029
STEMI patients[15], support the evidence of a strikingly
high mortality in STEMI patients with CKD.

PROGNOSTIC RELEVANCE OF CKD IN
ACUTE CORONARY SYNDROMES
In ACS, CKD represents a potent and independent risk
factor for adverse outcome. Although the mechanisms
underlying the poor prognosis of this vulnerable population are not fully understood, it is conceivable that the
interplay between extensive comorbidities, more severe
disease on presentation with ACS, underutilization of
known cardio-protective therapies, less aggressive treatment, more frequent errors in dosing with excess toxicity
from conventional therapies, and unique pathobiology
of CKD, has a considerable role (Table 1). Important
differences in the extent of coronary atherosclerosis and
coronary plaque morphology between patients with and
without CKD have been recently reported[16]. Coronary
lesions in CKD patients were longer with greater luminal encroachment and higher plaque burden compared
with their non-CKD counterparts. Moreover, coronary
atherosclerotic plaque composition assessed with radiofrequency IVUS demonstrated greater necrotic core and
dense calcium with less fibrous tissue in CKD, suggesting
that renal dysfunction not only results in greater coronary
atherosclerotic plaque burden and luminal encroachment, but it may also modulate coronary atherosclerotic
plaque composition to a less stable phenotype. Thus, it is
possible that unique and independent mechanisms may
alter atherosclerotic plaque composition in the setting
of CKD. Serum levels of matrix metalloproteinases, for
example, are elevated in patients with moderate to severe
renal impairment and are associated with plaque progression and fibrous cap degradation[17]. In addition, experimental data suggest that CKD potentiates foam cell generation by enhancing macrophage entry into the vascular
wall and inhibiting cholesterol efflux[18].
Finally, patients with CKD have been shown to have
an accelerated infarct expansion in association with enhanced inflammation and oxidative stress, as compared
with non-CKD patients, suggesting an important role of
CKD in the development of left ventricular remodeling
after myocardial infarction, via enhanced inflammatory
responses and oxidative stress[19].
ST-elevation myocardial infarction
The fundamental work of Herzog et al[3] was the ini-
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Table 1 Most important studies on the in-hospital and long-term prognostic relevance of chronic kidney disease in acute coronary
syndromes
Mortality Mortality rate Comment
rate in CKD in no-CKD
patients (%) patients (%)

Source

Year

Kind of
ACS

No. of
patients

Evaluated
mortality

CKD definition
and severity

Herzog et al[3]

1998

STEMI

34 189

Patients in dialysis

Chertow et al[4]

2000

STEMI

640

In-hospital
1-yr
2-yr
3-yr
5-yr
10-yr
30-d (1-yr)

McCullough
et al[20]

2000

STEMI/
NSTEMI

9544

Mean followup: 27.1 mo

Beattie et al[5]

2001

STEMI

1724

In-hospital

Wright et al[6]

2002

STEMI

3106

In-hospital

Shlipak et al[7]

2002

STEMI

130 099

1-yr

Sorensen et al[22]

2002

STEMI

6252

6-yr

Santopinto et al[8]

2003

STEMI

4716

In-hospital

Santopinto et al[8]

2003

NSTEMI/
UA

7058

In-hospital

Sadeghi et al[34]

2003

STEMI

2082

30-d (1 yr)

CrCl > 81.5 mL/min
81.5-63.1 mL/min
63.1-46.2 mL/min
< 46.2 mL/min
Dialysis
CrCl > 81 mL/min
80-63 mL/min
62-46 mL/min
< 46 mL/min
HD
ClCl > 75 mL/min
75-51 mL/min
50-35 mL/min
< 35 mL/min
HD
sCr < 1.5 mg/dL
1.5-2.4 mg/dL
2.5-3.9 mg/dL
CrCl > 85 mL/min
85-71 mL/min
70-56 mL/min
55-41 mL/min
< 40 mL/min
CrCl > 60 mL/min
30-60 mL/min
< 30 mL/min
CrCl > 60 mL/min
30-60 mL/min
< 30 mL/min
CrCl < 60 mL/min

7.5 (12.7)

Hobbach et al[38]

2003

STEMI

352

30-d (6-mo)

sCr > 1.2-2.8 mg/dL

16 (19.5)

Berger et al[43]

2003

STEMI

146 765

30-d

Dialysis vs no dialysis patients

29

Freeman et al[61]

2003

In-hospital

sCr > 1.5 mg/dL

8.1

Anavekar et al[23]

2004

STEMI/
NSTEMI
STEMI

14 527

3-yr

28.9
45.5

Gibson et al[11]

2004

NSTEMI/
UA

13 307

30-d (6-mo)

Masoudi et al[12]

2004

STEMI/
NSTEMI/
UA

2706

7-mo

Mueller et al[29]

2004

NSTEMI/
UA

1400

In-hospital
(3-yr)

eGFR > 75 mL/min per 1.73 m2
74.9-60 mL/min per 1.73 m2
59.9-45 mL/min per 1.73 m2
< 45 mL/min per 1.73 m2
eGFR > 90 mL/min per 1.73 m2
89-60 mL/min per 1.73 m2
< 60 mL/min per 1.73 m2
eGFR > 90 mL/min per 1.73 m2
89-60 mL/min per 1.73 m2
59-30 mL/min per 1.73 m2
< 30 mL/min per 1.73 m2
eGFR > 130 mL/min per 1.73 m2
129-90 mL/min per 1.73 m2
89-60 mL/min per 1.73 m2
< 60 mL/min per 1.73 m2

889
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Patients in dialysis
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26
59
73
81
90
97
20 (53)

30.5
54.5
65

-

Included pts with
a first STEMI after
dialysis initiation

-

Only 7% of pts were
treated with PCI and
5% with CABG
-

14.6
22.7

OR 3.88
OR 8.76
OR 5.43

OR 1
OR 2.45

Age- and sex-adjusted
risks for in-hospital
death

6
14
21
30

2

46
66

24

Included pts with >
65 yr

62
83

22.5
32
46

-

8.1
18.1

2.1

-

3.8
8.5

0.9

-

0.8 (7.5)

Primary PCI
Excluded pts with sCr
> 2 mg/dL or CS
3.4 (4.5)
Included pts treated
with systemic
thrombolysis
18.3
Included pts with >
(no dialysis) 65 yr
2.6
14.1
20.5

Included pts with HF
and/or LV systolic
dysfunction

2.1 (3.8)
5 (9.5)

1.3 (2.5)

-

15
39

3
6

-

5.1 (23.2)

0 (7.4)
0.4 (4.5)
2.6 (8.1)

Included pts with PCI
performed within 24 h
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Dumaine et al[66]
Goldberg et al[73]

2004
2005

ACS
STEMI

Han et al[74]

2006

Marenzi et al[40]
Fox et al[57]

2007
2007

NSTEMI/
UA
STEMI
STEMI

Pitsavos et al[75]

2007

Inrig et al[76]

496
1038

In-hospital
In-hospital
(1-yr)

CrCl < 60 mL/min
eGFR > 90 mL/min per 1.73 m2
89-60 mL/min per 1.73 m2
< 60 mL/min per 1.73 m2
sCr > 2.0 mg/dL or dialysis

4.8
19.9
(29.9)

45 343

In-hospital

467
20 479

In-hospital
30-d

STEMI/
NSTEMI

2172

In-hospital

9

3.6

-

8.9
15.30
31.10

3.7
2.6
7.1

Primary PCI
Thrombolysis
Excluded pts with sCr
> 2.5 (men) and > 2.0
(women)
-

30-d (1-yr)

CrCl < 60 mL/min
CrCl > 90 mL/min
90-61 mL/min
60-30 mL/min
< 30 mL/min
CrCl > 60 mL/min
60-30 mL/min
< 30 mL/min
eGFR > 90 mL/min per 1.73 m2
90-75 mL/min per 1.73 m2
75-60 mL/min per 1.73 m2
60-45 mL/min per 1.73 m2
< 45 mL/min per 1.73 m2
eGFR > 90 mL/min per 1.73 m2
89-60 mL/min per 1.73 m2
59-30 mL/min per 1.73 m2
29-15 mL/min per 1.73 m2
< 15 mL/min per 1.73 m2/HD
CrCl < 60 mL/min

2008

ACS

9190

1-yr

Szummer et al[30]

2009

NSTEMI

23 262

1-yr

Mehran et al[65]

2009

12 939

James et al[50]

2010

NSTEMI/
UA
STEMI/
NSTEMI

15 202

1-yr

CrCl < 60 mL/min

12.1

3.3

STEMI

19 089

In-hospital

NSTEMI

30 462

In-hospital

1.8

-

Hachinohe et al[42] 2011

NSTEMI

3615

8.8
17.9
27.3
31.8
4.8
8.6
13.4
12.4
9.4
30

2.3

2010

4
3

Excluded pts with CS

Hanna et al[77]

NSTEMI

40 074

Stage 3a
Stage 3b
Stage 4
Stage 5
Stage 3a
Stage 3b
Stage 4
Stage 5
eGFR > 90 mL/min per 1.73 m2
89-60 mL/min per 1.73 m2
59-30 mL/min per 1.73 m2
< 30 mL/min per 1.73 m2
eGFR > 60 mL/min per 1.73 m2
59-30 mL/min per 1.73 m2
29-15 mL/min per 1.73 m2
< 15 mL/min per 1.73 m2

Excluded pts with CrCl
< 30 mL/min
Included pts admitted
< 24 h from symptoms
onset
-

Fox et al[15]

2010

Fox et al[15]

2.8
6.1
3.9

0.6

All pts were treated
with PCI

2011

1-yr

In-hospital

7
16

0.9
4.7 (6.7)
6.3 (10)

2

-

6
5.7

1.7
2
3.3

-

16.7
38.2
51.2

5
5.8

-

3 (7.9)

1.1 (2.8)

ACS: Acute coronary syndromes; CABG: Coronary artery bypass graft; CKD: Chronic kidney disease; CrCl: Creatinine clearance; CS: Cardiogenic shock;
eGFR: Estimated glomerular filtration rate; HD: Hemodialysis; HF: Heart failure; LV: Left ventricular; NSTEMI: Non-ST elevation myocardial infarction;
OR: Odds ratio; PCI: Percutaneous coronary intervention; sCr: Serum creatinine concentration; STEMI: ST-elevation myocardial infarction; UA: Unstable
angina.

Finally, in the Valsartan in Acute Myocardial Infarction Trial study the outcome of CKD patients remained
worse also after hospital discharge, at a long-term (3-year)
follow-up, despite an apparent optimal post-discharge
treatment (all patients received valsartan, captopril, or a
combination of both)[23]. These results suggest that even
appropriate post-discharge therapy, given in a timely
manner, may not be sufficient to improve post-acute
myocardial infarction outcome in CKD population.

The Global Registry of Acute Coronary Events (GRACE)
study, a large prospective multinational registry, including the full spectrum of patients with ACS, evaluated
the prognostic impact of sCr levels on hospital mortality
and adverse outcomes in 11 774 NSTE-ACS patients[8].
Patients were divided into three groups according to their
CrCl values: > 60 mL/min or normal renal function (including patients with minimally impaired renal function),
30-60 mL/min or moderate CKD, and < 30 mL/min or
severe CKD. In comparison with patients with normal
renal function, patients with moderate and severe CKD
were at a significantly increased risk of hospital mortality and major bleeding episodes (Figure 1). Other studies
have definitely confirmed the close association between
CKD and increased risk of death in patients with NSTE-

Non-ST elevation ACS
Several observational studies have found that, in the
setting of non-ST elevation acute coronary syndromes
(NSTE-ACS), in-hospital outcomes and mid- to longterm mortality are worse among patients with CKD[8,9,24].
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20

NSTEMI/UA

20

Severe
Moderate
Normal/minimally impaired

16

10

b

8.5

7.9

7.3

5.9 6.0
5

Adverse event (%)

Patients (%)

15
b

3.8

a
0.9

0.8 0.90.4

0
Mortality

MI

Stroke

4.0

14

All P -values for trend < 0.001

10

8.9

8

6.5

6
2
0

Major bleeding

17.4

12.3

12

4

1.8

Figure 1 Hospital outcomes for patients with non-ST segment elevation
myocardial infarction/unstable angina. aP < 0.05 and bP < 0.0001 across all
categories of renal function. Modified from Santopinto et al[8]. NSTEMI: Non-STelevation myocardial infarction.

0.3 0.6

1.3

4799
5931
1965
Stroke

2.9 3.2

1742
3685
1551
Major
bleeding

6.2
2.9

3.8

4953
6264
2090
Recurrent MI

4953
6264
2090
Recurrent
ischaemia

Figure 2 Incidence of adverse event by glomerular filtration rate groups:
stroke, in-hospital thrombolysis in myocardial infarction major bleeding,
recurrent myocardial infarction, and recurrent ischemia at 30 d. The number
of patients within each subgroup is displayed at the bottom of each bar. Glomerular filtration rate is expressed in mL/min per 1.73 m2. From Gibson et al[11].
GFR: Glomerular filtration rate.

ACS at presentation[10,12,25]. The significant contribution
of renal function evaluation to risk stratification was
demonstrated by Gibson et al[11] who pooled data from
five international multicenter trials (TIMI 11A and B,
TIMI 12, OPUS-TIMI 16 and TACTICS-TIMI 18) and
analyzed 13 307 patients with NSTE-ACS. Notably, these
trials excluded patients with a sCr level above 2.0 mg/dL.
As a consequence, moderate to severe CKD (eGFR <
60 mL/min per 1.73 m2) was present in 16% of patients,
while only less than 1% of the patients had an eGFR <
30 mL/min per 1.73 m2. In this study, a significant and
graded association was observed between reduced eGFR
and short-term (30 d) and mid-term (6 mo) mortality:
1.3% and 2.5% for patients with normal renal function,
2.1% and 3.8% for patients with mild CKD, and 5% and
9.5% for patients with moderate to severe CKD, respectively (P for trend < 0.001). In parallel, there was a stepwise increase in the incidence of stroke, major bleeding,
recurrent myocardial infarction, and recurrent ischemia
with worsening eGFR (Figure 2). Interestingly, within
each eGFR category, high thrombolysis in myocardial
infarction (TIMI) risk scores and augmented levels of
biomarkers (C-reactive protein, B-type natriuretic peptide, and troponin Ⅰ) were associated with a significant
increase in mortality as compared with low TIMI scores
and normal levels of biomarkers (Figure 3), demonstrating the prognostic value of eGFR in addition to the traditional clinical risk stratification of patients with NSTEACS. The authors concluded that eGFR should be part
of the evaluation of any patient presenting with an ACS.
As early coronary angiography and revascularization
has been shown to be a more effective strategy for highrisk patients with NSTE-ACS[13], a major issue in CKD
patients is the question as to whether the decrease in renal function or the coronary revascularization procedure
(PCI or coronary bypass surgery) may be the cause of
their worsened hospital outcome. In most of the studies
focusing on the prognostic role of CKD in NSTE-ACS,
patients were more likely to be treated conservatively
with anti-ischemic and antithrombotic agents, while PCI
was performed only in patients with recurrent myocardial

WJN|www.wjgnet.com

GFR > 90
GFR 60-90
GFR < 60

18

ischemia. Furthermore, in the studies in which the advantage of an early invasive strategy was demonstrated[26-28],
patients with advanced CKD, as well as those with an
increased risk of bleeding, were excluded. With these
limitations, a retrospective study examined the interaction
between CrCl, outcomes, and the use of an early invasive
strategy in 2190 patients with NSTE-ACS enrolled in
the Treat Angina with Aggrastat and Determine Cost of
Therapy with an Invasive or Conservative strategy trial[24].
Irrespective of treatment strategy, mild to moderate decrease in renal function was a potent risk factor for adverse
outcome, with a concomitant increase in endpoints such
as death, acute myocardial infarction, and rehospitalization
at 30 and 180 d. Routine invasive management, however,
was associated with a statistically significant reduction in
the same end points, across most categories of CKD, at
the predictable price of a significant increase in major and
minor bleeding. Mueller et al[29] investigated the association
between baseline renal function and mortality, after NSTEACS, in a cohort of 1400 consecutive, unselected patients
treated uniformly very early (within 24 h of admission,
with a median time interval of 5 h) and predominantly
with PCI. Patients on dialysis, and with high bleeding risk,
were also included in the study. A significantly higher inhospital and long-term mortality rate was found among
patients with a GFR < 60mL/min per 1.73 m 2 than
among patients with higher eGFR. Interestingly, renal
function was predictive of long-term mortality, irrespective of the revascularization method applied. Thus, this
study confirmed that baseline renal function is a strong
independent predictor of in-hospital and long-term mortality, and extended this important finding to NSTE-ACS
patients treated very early with PCI.
Two recent large studies, the ACTION registry[15] and
the Swedish Web-system for Enhancement and Development of Evidence-based care in Heart disease Evalu-
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A
16

hs-CRP < 1.5 mg/dL
hs-CRP ≥ 1.5 mg/dL

6-mo mortality (%)

14

15.6

b

12

11.1
b

10

7.7

8

6.4

6
4

between CKD severity and increased in-hospital and
1-year mortality rates. In particular, the SWEDEHEART
study demonstrated a gradient of progressively lower advantage from PCI vs medical therapy with no advantage,
in terms of 1-year mortality, going from patients with
normal renal function to patients with increasing CKD
severity, with no benefit at all for those with severe (Stage
[30]
Ⅳ) CKD . The lack of overall benefit in this subset of
patients is possibly explained by a higher incidence of
PCI-associated complications that may overweight the
advantage deriving from coronary revascularization. Indeed, most post-PCI complications associated with poor
short-term and long-term outcomes, such as contrast-induced nephropathy (CIN)[31,32], coronary stent thrombosis and restenosis[33,34], underlying coronary artery disease
progression[1], and bleedings[8], have been found to occur
more frequently in CKD than in no CKD patients.

b

4.2

3.3

2
0
≥ 90

60-89

< 60
2

GFR (mL/min per 1.73 m )

P -value for trend = 0.007 between GFR groups with hs-CRP < 1.5 mg/dL
P -value for trend = 0.001 between GFR groups with hs-CRP ≥ 1.5 mg/dL

B
10

0.003
10.2

cTnIcTnI+

TREATMENT OF PATIENTS WITH ACS

6-mo mortality (%)

8

AND CKD

6
4

0.019
4.1

0.249

Treatment of ACS in patients with CKD is particularly
problematic. Traditionally, patients with advanced CKD
and those receiving dialysis have not been included in
randomized ACS trials evaluating either medical or interventional therapies. Thus, only scarce data deriving from
limited observational studies are available and, to date, no
optimal treatment strategy has been defined for this subgroup of patients.

4.2

3.2
2.2

2.2

2
0
≥ 90

60-89

< 60
2

GFR (mL/min per 1.73 m )

Coronary reperfusion strategies
Doubts still exist on how CKD patients should be treated in
the early phase of STEMI. In particular, there are concerns
about the use of aggressive reperfusion strategy (fibrinolytic
therapy and primary PCI). Undoubtedly, landmark megatrials, such as the Gruppo Italiano per lo Studio della Streptochinasi nell’Infarto Miocardico, the International Study of
Infarct Survival, and the Global Utilization of Streptokinase
and Tissue Plasminogen for Occluded Coronary Arteries
(GUSTO) trials, have shown the benefit of thrombolytic
agents in reducing mortality in patients with STEMI[35-37].
However, in all these trials, no subgroup analysis was performed in patients with CKD, and scarce data have been
published on the use of thrombolytics in these patients.
In the study by Wright et al[6], 13% of the total population
received intravenous fibrinolytic therapy and 10% received
PCI as a primary treatment. Reperfusion therapy was used
less frequently in patients with any degree of CKD than in
patients without CKD. In the Beattie et al[5] study, the use of
mortality-reducing treatments, including primary angioplasty and thrombolysis, decreased with the progressive decline
of renal function, suggesting a treatment bias in favor of
patients with less advanced renal dysfunction.
While the lower rates of PCI may be rationally explained by the fear of an increased risk of CIN and of
the associated high mortality rate[31,32], the potential risk
of bleeding constitutes only a partial justification for the
less frequent use of thrombolysis.

P -value for trend = 0.134 between GFR groups with negative cTnI
P -value for trend < 0.001 between GFR groups with positive cTnI
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Figure 3 Six-month mortality, stratified by glomerular filtration rate and
biomarker levels. A: Stratification by high-sensitivity C-reactive protein (hs-CRP)
levels. bP < 0.001; B: Stratification by Troponin I (cTnI) levels; C: Stratification
by B-type natriuretic peptide levels. From Gibson et al[11]. BNP: B-type natriuretic
peptide; GFR: Glomerular filtration rate.

ated According to Recommended Therapies (SWEDEHEART) study[30], including 30 462 and 23 262 NSTEMI
patients, respectively, confirmed the close association
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CKD should not preclude the success rate of percutaneous or pharmacological reperfusion therapies, but
it may be associated with increased incidence of major
adverse events. To evaluate the effects of an invasive
management with additional early revascularization,
the outcome of 352 patients with STEMI (sCr ranging
from 1.2 to 2.8 mg/dL), was analyzed in a single-center
retrospective study[38]. All patients received thrombolytic
therapy, while early PCI or coronary bypass surgery were
performed in 47% and 28% of patients with normal
renal function and 32% and 30% of those with CKD.
Despite the optimal guideline-based therapy, patients
with CKD showed a significantly higher 30-d and 6-mo
mortality rate than those with normal renal function (16%
and 19% vs 3% and 4%, respectively, P < 0.001). It is
noteworthy, however, that the 30-d and 6-mo mortality
was reduced from 22% to 4% (P < 0.03) and from 25%
to 7% (P < 0.05) among CKD patients who underwent
PCI during hospitalization. Thus, this study confirms
that mild to moderate CKD in the setting of STEMI is
associated with increased mortality, despite extensive use
of optimal therapy, but it also suggests that early PCI
may be beneficial among such patients. The influence
of CKD in patients with STEMI receiving fibrinolytic
therapy was investigated by Gibson et al[39]. Again, despite
appropriate treatment with thrombolytics and adjunctive
therapies for acute myocardial infarction (including early
PCI in many patients), and even though the epicardial
and myocardial reperfusion rates were equivalent, there
was a stepwise decrease in survival going from normal to
mildly and severely reduced renal function that continued
through up to two years of follow-up. The incidence of
intracranial hemorrhage was also increased in patients
with CKD, suggesting that primary PCI may represent
a favorable alternative therapy. Nevertheless, the outcomes of primary PCI in patients with STEMI and CKD
have not been well characterized, because such patients
are typically excluded from clinical trials. Data from the
Controlled Abcximab and Device Investigation to Lower
Late Angioplasty Complications trial and from our institute clearly demonstrated a worse outcome of patients
with CKD among those treated with primary PCI[34,40].
So, despite the evidence of a clear benefit deriving from
pharmacologic and mechanical coronary reperfusion in
STEMI, the best strategy for STEMI patients with CKD
remains elusive. Indeed, data from the GRACE registry
have recently showed similar in-hospital mortality rates
in STEMI patients with severe CKD, regardless their
treatment with primary PCI (29%), thrombolysis (32%),
or medical therapy (31.5%)[41]. The SWEDEHEART
study[30], and a recent Korean prospective multicenter
study, the Korea Acute Myocardial Infarction Registry
(KAMIR) registry[42], including 13 901 NSTEMI patients
seem to confirm that the benefit of revascularization is
uncertain in patients with severe CKD or on dialysis. In
the management of NSTEMI, according to previous
studies and guidelines, an invasive strategy is superior
to an initial conservative strategy (invasive management
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only after failed medical therapy or for objective evidence
of ischemia) and an early invasive strategy is superior
to a delayed invasive strategy. In the KAMIR study, an
invasive (within 24 h after admission) strategy decreased
mortality compared to a conservative strategy except
for severe CKD. In the timing of an invasive strategy,
there were trends showing that an early invasive strategy
was superior to a delayed strategy in patients with mild
CKD, but this tendency decreased as renal function decreased[42].
Standard medical therapy
Berger et al[43] compared the patterns of care and the
effect of standard STEMI therapy on 30-d mortality
between 1025 patients on chronic dialysis (either peritoneal dialysis or hemodialysis) and 145 740 non-dialysis
patients. They confirmed that aspirin, β-blockers, and
ACE-inhibitors were less likely to be used in patients on
dialysis, even among those considered “ideal candidates”
for these medications, than in patients not receiving dialysis. Nevertheless, the authors observed a similar absolute
reduction in short-term mortality with aspirin, β-blocker,
and ACE-inhibitor therapy when comparing the dialysis
and non-dialysis groups. Aspirin was associated with a 21%
absolute reduction in mortality in dialysis patients, and a
23% reduction in non-dialysis patients. β-blocker therapy
was associated with a 14% absolute reduction in mortality
in both the dialysis and non-dialysis patients. The ACEinhibitor use was associated with a 16% absolute reduction
in 30-d mortality in dialysis patients and a 5% reduction
in non-dialysis patients. In the Wright et al[6] and in the
Shlipak et al[7] studies, the use of aspirin, β-blockers and
intravenous heparin during the first 24 h of hospitalization was less frequent in patients in dialysis and un those
with moderate to severe CKD; these trends persisted
with therapies prescribed at hospital discharge, including
aspirin, ACE-inhibitors and β-blockers. Recently, data
from the ACTION registry documented, in both STEMI
and NSTEMI patients, lower use of short-term therapies,
in-hospital procedures, cardioprotective medications, and
higher rates of medication overdosing among patients
with CKD[15]. Finally, despite these high rates of adverse
outcomes, patients with CKD were less likely to receive
discharge counseling related to cardiovascular disease risk
reduction. Thus, all these studies confirm less aggressive
care in CKD patients with ACS that parallel the degree
of renal dysfunction, and demonstrate that beneficial
therapies are underutilized in patients with CKD despite
increased prevalence of hypertension, congestive heart
failure, and coronary artery disease, and despite the fact
that these medications are associated with a substantial
survival benefit in patients with normal renal function.
Antithrombotic therapy
Refinement of the antithrombotic strategies among CKD
patients in ACS setting is still a major and unmet need.
The challenge is daunting because, on the one hand, CKD
is associated with prolongation of bleeding time and ab-

140

October 6, 2012|Volume 1|Issue 5|

Marenzi G et al . CKD in acute coronary syndromes

normal platelet aggregation and adhesion[44], and, on the
other hand, a state of hypercoagulation has been demonstrated with high levels of von Willebrand factor[45], fibrinogen, factors Ⅶ, Ⅷ, and XIII and enhanced thrombin generation[44]. The combination of these alterations puts the
patient with CKD at risk, simultaneously, for thrombosis
and hemorrhage. Thus, use of well-established antiplatelet
drugs, such as aspirin and clopidogrel, should be weighed
against bleeding risk in renal patients. Based on the benefit demonstrated in NSTE-ACS, it seems advisable to
keep CKD patients on aspirin therapy, with a suggestion
for low doses, despite no dose modification is required
when given to patients with CKD. The UK Heart and
Renal Protection-1 trial and the Dialysis Outcomes and
Prescription Patterns Study showed that low-dose aspirin
(100 mg/d) in CKD patients was not associated with
increased major bleeding or progression of CKD[46,47].
In a recent meta-analysis by the Antithrombotic Trialists
Collaboration low-dose aspirin (65 to 260 mg) was found
to be as efficacious as high-dose aspirin (325 mg) beyond
the acute phase for secondary prevention of coronary
artery disease in patients with CKD and end-stage renal
disease[48].
Current practice guidelines recommend the addition to aspirin of another antiplatelet agent (ticlopidine,
clopidogrel, prasugrel, ticagrelor) for treatment of highrisk ACS patients. Despite never specifically investigated
in CKD patients, some differences, in terms of bleeding
risk, possibly exist among these drugs. In the Clopidogrel
for the Reduction of Events During Observation trial
the effectiveness of clopidogrel in reducing adverse cardiovascular events seemed to be greatest in patients with
normal renal function, whereas patients with moderate
CKD appeared to have experienced less benefit[49]. In
The Platelet Inhibition and Patient Outcomes study clinical evidence was provided that ticagrelor is a more effective antiplatelet agent than clopidogrel in patients with
ACS, regardless of renal function and without any need
for dose reduction to prevent major bleeding[50]. A recent
systematic review and meta-analysis, however, concluded
that benefits for antiplatelet therapy among patients with
CKD are uncertain and are potentially outweighed by
bleeding hazards[51].
In addition to antiplatelet agents, heparin has become the standard of care in patients with ACS. The two
preparations generally available are unfractionated heparin (UFH) and low-molecular weight heparin (LMWH).
A major difference between these two therapeutic agents
is their mechanism of clearance: at low doses, UHF is
cleared primarily by macrophages and endothelial cell
binding, whereas LMWH is cleared primarily by renal
mechanisms[52]. The half-life of enoxaparin is 1.7 times
longer in patients with renal insufficiency [53]. Clinical
studies on enoxaparin, the most widely used LMWH in
NSTE-ACS, excluded patients with CKD, so that the
optimal dosing for renal patients has not been established[54,55]. A retrospective review showed a significant
increase in bleeding events and death in patients with
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CKD treated with enoxaparin[56], suggesting that dosage
adjustment is needed in these patients to minimize the
bleeding risk. A substudy of the Enoxaparin and Thrombolysis Reperfusion for Acute Myocardial infarction-TIMI 25 trial showed that with every 30 mL/min decrease
in CrCl, the risk of major and minor bleeding increased
by 50%[57]. Reduction in dose to half or reduction in frequency of administration to only once daily may be necessary. Until conclusive results are available regarding optimal dosing, it may be safer to use UFH in CKD patients
presenting with ACS. It should be highlighted, however,
that bleeding risk increases in parallel with the increasing
severity of baseline renal insufficiency also in patients receiving UHF alone[58]. Finally, data from the Organization
to Assess Strategies in Acute Ischemic Syndromes trial
showed a lower bleeding risk profile for fondaparinux vs
enoxaparin, two drugs that are mainly cleared by the kidneys, across all quartiles of renal dysfunction[59].
Impaired renal clearance of many pharmacological agents may increase the probability of overdosing in
patients with reduced renal function, further increasing
their bleeding risk[60]. This is particularly true for renally
excreted antithrombotic agents, such as enoxaparin, tirofiban and eptifibatide that are recommended at a lower
dose in CKD patients.
Use of antithrombotic agents, such as platelet glycoprotein (GP) Ⅱb/Ⅲa receptor inhibitors, that block the
final pathway for platelets aggregation, has become the
standard of care for the higher-risk NSTE-ACS patients,
mainly for those undergoing PCI. However, patients with
CKD were also excluded from entry into most randomized trials investigating GPⅡb/Ⅲa antagonists. Thus, it is
not clear if they may derive the same therapeutic benefit
with equivalent safety from these pharmacological agents,
as do patients with normal renal function. Moreover, because agents such as tirofiban and eptifibatide are largely
cleared through the kidneys, moderate to severe CKD
would be expected to increase the mean plasma concentration of these drugs, producing a greater inhibition of
platelet aggregation. Since platelet-bound abcximab is
eliminated by the reticuloendothelial system[61], its use in
patients with renal insufficiency should not be associated
with greater impairment of platelet function. Thus, unlike tirofiban and eptifibatide, abciximab does not require
dosing adjustment in CKD patients. Although all major
randomized GPⅡb/Ⅲa trials excluded CKD patients,
particularly those with severe CKD, some data about the
impact of these agents in this difficult population may
be derived from retrospective trial analysis. Data extrapolated from the GUSTO-IV ACS study indicate that, in
patients with a sCr over 2 mg/dL, abciximab bolus with
infusion was associated with a reduction of the combined end-point of death or myocardial infarction when
compared to placebo (15% vs 27%)[61]. However, the relationships between renal function and ischemic and hemorrhagic complications among ACS patients receiving an
intracoronary stent and treated with either tirofiban or
abciximab in the Do Tirofiban and ReoPro Give Similar
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Efficacy trial were assessed[62]. Although patients with a
sCr > 2.5 mg/dL were excluded, those with the lowest
CrCl quartile (< 70 mL/min) had a higher bleeding complication rate. Significant differences between patients receiving tirofiban and those receiving abcximab were not
detected for major bleeding or transfusions, but minor
bleeding rates were lower for patients who received tirofiban treatment (2.8% vs 4.3%, P = 0.006).
In a retrospective subanalysis of the Second Randomized Evaluation in PCI Linking Bivalirudin to Reduced
Clinical Events trial[63], within the total randomized population of 5710 patients undergoing PCI (43% of whom
because of NSTE-ACS), 886 patients with moderate or
severe CKD showed, as expected, an increased burden
of early and late morbidity and mortality. However, bivalirudin (a direct thrombin inhibitor) use among those
with CKD proved no inferiority when compared to heparin and GPⅡb/Ⅲa inhibition, with respect to ischemic
events. In addition, in the overall population, as well as in
patients who had a CrCl < 60 mL/min, bivalirudin was
associated with fewer bleeding events. These results are in
line with a previous meta-analysis of trials evaluating bivalirudin administration in patients undergoing PCI that
showed a reduction of bleeding and ischemic events, with
a greater absolute benefit among patients with CKD[64],
and with data from the Acute Catheterization and Urgent
Intervention Triage strategy trial in which, compared with
UFH plus a GP Ⅱb/Ⅲa inhibitor, the use of bivaluridin
monotherapy in patients with CKD results in a nonstatistically different ischemic outcomes, but significantly
less 30-d major bleeding (6.2% vs 9.8%, P = 0.008)[65]. In
consideration of the important clinical implications of
antithrombotic therapy in this clinical setting, additional
randomized trials are warranted to further evaluate the
effect of bivalirudin, in terms of ischemic and bleeding
complications prevention, in ACS patients with CKD.

Statins are primarily eliminated by the liver, while the
renal route is usually a minor elimination pathway. However, reluctance to prescribe statins in patients with CKD
is likely due to remaining uncertainty regarding their
clinical effects in patients with CKD. In particular, no
clear evidence of a positive relationship between blood
cholesterol and cardiovascular events has been found in
these patients. As they approach end-stage renal disease,
there appears to be increased oxidation of low-density
lipoprotein, with progressive lowering of total cholesterol
levels. The influence of dyslipidemia upon cardiovascular
outcomes shows a “U”-shaped relationship, with increasing cardiovascular event rate seen among patients with
severe CKD having low cholesterol levels. This “lowcholesterol paradox” has been attributed to the effects of
chronic malnutrition and inflammation, which become
increasingly important in severe CKD[69]. This paradox
has raised the question of the utility of lipid-lowering
therapy, although previous evidence that statin therapy
may delay progression of renal dysfunction[70]. Moreover,
some concerns about drug toxicity related to high statin
doses exist in CKD patients. Indeed, high statin doses
have been associated with an increased risk of myopathy
in CKD patients[71]. This problem could be overcome by
the combination of ezetimibe plus low-dose statins, as
recently demonstrated in the Study of Heart and Renal
Protection trial, in which lowering LDL cholesterol with
this combination safely reduced the risk of major atherosclerotic events in a wide range of patients with CKD,
including patients treated with dialysis[72].

CONCLUSION
CKD - of any degree - is present in a substantial proportion of patients with ACS, and represents a potent and
independent risk factor for adverse outcome. Unfortunately, data are still limited regarding the value of most
therapeutic interventions, because CKD patients with
ACS have typically been excluded from randomized trials. Thus, our current challenge is to further study these
high-risk patients in prospective randomized trials in order to identify adjunctive pharmacological therapies and
newer interventional strategies that may favorably affect
their otherwise poor prognosis. Nevertheless, as long as
evidence-based data are not provided to guide clinical
practice, all attempts must be made to promote the use
of more aggressive therapies, when they can be applied
with an acceptable level of safety.

Statins in ACS patients with CKD
Acute coronary syndrome patients with CKD are less
likely to be treated with statins, despite the evidence of
reduced mortality with statins use in patients with or at
risk for coronary events[8,23,25,66]. In addition to the longterm benefit of statin therapy in ACS patients, data collected on 300 823 patients of the National Registry of
Myocardial Infarction 4, suggest that administration of
statins within the first 24 h of hospitalization for acute
myocardial infarction significantly lowers the rate of early
complications and in-hospital mortality, possibly due
to their pleiotropic effects[67]. Indeed, acute myocardial
infarction is associated with a number of abnormalities,
including inflammation, endothelial dysfunction, and coagulation disorders, all of which appear to be dampened
by statins[68]. The reasons for this “therapeutic nihilism” in
ACS patients with advanced CKD are not clear. Concern
about further impairment of renal function and toxic side
effects are potential explanations. Furthermore, patients
with CKD have more co-morbidities and, as a consequence, more contraindications to these medications.
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