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A B S T R A C T

There is no abstract. The objectives are as follows:

To evaluate the benefits and harms of antiplatelet therapy in patients with any form of kidney disease, including patients with CKD not
receiving renal replacement therapy (RRT), patients receiving any form of dialysis, and kidney transplant recipients.

P L A I N   L A N G U A G E   S U M M A R Y

[Plain language title]

 [Summary text]
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B A C K G R O U N D

Description of the condition

Cardiovascular disease is the leading cause of morbidity and
mortality in all stages of chronic kidney disease (CKD) (Casas 2005;
Keith 2004; Mann 2001; Norris 2006; Sarnak 2003; Weiner 2004a;
Weiner 2004b) including the CKD of renal transplant recipients
(US Renal Data system. 2008, Australia and New Zealand Dialysis
and Transplant registry (ANZDATA), (Aakhus 1999; Kasiske 2000;
Ojo 2000). Compared with the general population, the risk of
cardiovascular disease is increased two-fold in early CKD (Go 2004)
and 10 to 20-fold in dialysis patients (Fort 2005) in whom it accounts
for 50% of all deaths (Collins 2003). Population representative
surveys in Australia (AusDiab Survey 2003) and United States
(NHANES 2010) have shown a CKD prevalence of approximately
16% in the adult population. With the increasing prevalence of
some of the known risk factors for CKD including hypertension,
obesity and diabetes (Fields 2004; Koren-Morag 2006; Mokdad
2003), the burden of CKD and its complications are projected
to increase and to significantly contribute to global health care
expenditure.

How the intervention might work

Platelets play a pivotal role in thrombosis and various available
antiplatelet agents block platelet activation and aggregation at
various points in the thrombotic cascade. Currently available data
suggests that antiplatelet agents might be beneficial in patients
with CKD for primary (ATT 2002; Ruilope 2001) and secondary
(Berger 2003; McCullough 2002) prevention of cardiovascular
events. Antiplatelet agents might have beneficial eGects on the
kidney, possibly reducing proteinuria and protecting renal function
in patients with glomerulonephritis (Taji 2006; Zauner 1994),
and improving graP function in people with kidney transplants
(Bonomini 1986; Frasca 1986). However some have reported that
the eGicacy of antiplatelet therapy in CKD might be lower than for
other high cardiovascular risk populations (Best 2008). Despite this,
the Kidney Disease Outcomes Quality Initiative guideline program
(KDOQI) has supported the use of aspirin for primary prevention
of cardiovascular disease in CKD. Antiplatelet agents appear to
have a modest eGect on the preservation of arteriovenous fistula
patency (Dember 2008). Their use for fistula preservation and as
part of a multi-factorial intervention strategy for patients with CKD
is advocated by guideline groups (British Renal Association, Caring
for Australians with Renal Impairment (CARI) group and Canadian
Society of Nephrology).

Why it is important to do this review

To date, there has been no formal meta-analysis of the benefits
and harms of antiplatelet agents in patients with CKD. In contrast
to the general population, patients with CKD have a combination
of traditional and non traditional cardiovascular risk factors (Foley
1998; Foley 2003; Roberts 2006; Shah 2008). In addition, people
with CKD might have diGerent mechanisms for cardiovascular
disease, including arrhythmia and congestive heart failure (Amann
2003; Curtis 2005; Dikow 2005; Foley 1995; Remppis 2008), altered
pharmacokinetics (Mosenkis 2004; Scheen 2008) and impaired
haemostasis (Kaw 2006; Remuzzi 1988; Wattanakit 2008; Zwaginga
1991). Compared to patients without CKD, these factors might
expose them to a diGerent spectrum of risk and benefit from
antiplatelet therapy.

This systematic review aims to assess the relative benefits
and harms of any antiplatelet agents for the prevention of
cardiovascular disease and kidney disease progression in patients
with CKD.

O B J E C T I V E S

To evaluate the benefits and harms of antiplatelet therapy in
patients with any form of kidney disease, including patients
with CKD not receiving renal replacement therapy (RRT), patients
receiving any form of dialysis, and kidney transplant recipients.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We will consider for inclusion all RCTs of any antiplatelet agent
in patients with CKD where the duration of follow-up was two
months or longer. We define patients with CKD as those who are
receiving any form of RRT, have a functioning kidney transplant,
or have impaired kidney function defined as a reduced glomerular
filtration rate (GFR < 60 mL/min/1.73 m2), the presence of other
markers of kidney damage such as proteinuria (KDOQI stages 1-5),
an elevated serum creatinine (SCr > 120 mmol/L) or as defined
by study authors.  Data from CKD subgroups within studies with
broader inclusion criteria (e.g. people from the general population,
people with diabetes, people with cardiovascular disease), which
report outcomes for participants with CKD, will also be considered
for inclusion.

Types of participants

All adults (>18 years of age) with CKD as defined above. Separate
analyses will be undertaken for:

• Kidney transplant recipients

• Individuals undergoing any form of maintenance dialysis
therapy

• People with CKD stage 1-4 and CKD stage 5 who are not receiving
RRT, as defined by KDOQI guidelines or as defined by author

Types of interventions

We will include studies of any antiplatelet agent. Agents can
be administered at any dose or route of administration, and be
compared with placebo, no treatment, diGerent dose of the same
or diGerent antiplatelet agents, diGerent administration regimens
of the same or diGerent agent, or diGerent combinations of
antiplatelet agents. Antiplatelet agents will include (but not limited
to): acetylsalicylic acid (aspirin), adenosine reuptake inhibitors
(dipyridamole), adenosine diphosphate receptor inhibitors
(ticlopidine and clopidogrel), phosphodiesterase 3 inhibitors
(cilostazol), P2Y12 antagonists (prasugrel, ticagrelor, cangrelor,

elinogrel), glycoprotein IIB/IIIA inhibitors (abciximab, eptifibatide,
tirofiban, defibrotide), sulfinpyrazone, or preparations in which one
or more antiplatelet agents are combined with other drugs.

Studies in which participants receive co-interventions other than
antiplatelet agents will also be included.

We will exclude studies in which duration of follow-up was fewer
than two months.

Antiplatelet agents for chronic kidney disease (Review)
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Types of outcome measures

• Cardiovascular events
* Composite endpoints of major adverse cardiovascular events

(myocardial infarction, stroke)

* Myocardial infarction (fatal or non-fatal)

* Ischaemic stroke (fatal or non-fatal)

• Death
* All-cause mortality

* Cardiovascular including sudden death

* Bleeding related

• Kidney outcomes
* Incidence of end-stage kidney disease requiring RRT

* Doubling of SCr or other threshold of renal dysfunction as
defined by authors

* End of treatment SCr (mg/dL or mmol/L)

* Change in SCr from beginning to end of treatment

* End of treatment GFR (mL/min or mL/min/1.73 m2) assessed
by any measure or change from beginning to end of
treatment

* New onset albuminuria (urinary albumin to creatinine ratio
(ACR): > 3.5 mg/mmol (women) or > 2.5 mg/mmol (men))

* Regression of microalbuminuria to normoalbuminuria (<
3.5 mg/mmol (women) or < 2.5 mg/mmol (men)); or
macroalbuminuria (urinary ACR > 35 mg/mmol (women), > 25
mg/mmol (men)) to microalbuminuria or normoalbuminuria
or as defined by authors

* Change in albuminuria from beginning to end of treatment

* End of treatment albuminuria (mg/mmol or µg/min)

* Change in albuminuria from beginning to end of treatment

* End of treatment 24 hour urine protein excretion (g/24 h) or
change from beginning to end of treatment

• Antiplatelet agents’ specific toxicity
* Fatal bleeding events

* Major bleeding events (defined as haemorrhage or
any bleeding episode that necessitates hospitalisation,
transfusion, or as defined by study authors)

* Minor bleeding events

* Any bleeding event (major or minor)

* Gastro-intestinal disturbances (abdominal pain or peptic
ulcer disease, or as defined by the authors)

• All-cause hospitalisation

• Treatment crossover or withdrawal

• Any other adverse event as reported by triallists

• Interruption of treatment (treatment withdrawals) for any
reason

Search methods for identification of studies

Electronic searches

We will conduct electronic searches of the following databases:

1. The Cochrane Renal Group’s specialised register and the
Cochrane Central Register of Controlled Trials (CENTRAL) in the
Cochrane library (most recent) will be searched. These registers
contain the hand searched results of conference proceedings
from general and speciality meetings. This is an ongoing activity
across the Cochrane Collaboration and is both retrospective and

prospective. Therefore we will not specifically search conference
proceedings. Please refer to The Cochrane Renal Group's Module
in The Cochrane Library for the most up-to-date list of conference
proceedings (Renal Group 2010).

2. MEDLINE (from 1966) using the optimally sensitive strategy
developed by the Cochrane Collaboration for the identification
of RCTs (Lefebvre 2008) with a search strategy developed
with input from the Cochrane  Renal Group's  Trial Search Co-
ordinator.

3. EMBASE (from 1980) using the optimally sensitive strategy
developed by the Cochrane Collaboration for the identification
of RCTs (Lefebvre 2008) with a search strategy developed
with input from the Cochrane  Renal Group's Trial Search Co-
ordinator.

See Appendix 1 for search terms used.

Additionally, we will search the US registry of federally and privately
supported clinical studies at http://www.clinicaltrials.gov/ for
ongoing or unpublished RCTs that meet our inclusion criteria.

Searching other resources

Also handsearching will be performed, i.e. checking the reference
lists of retrieved studies and systematic reviews to identify other
relevant studies. Resulting references will be double-checked and
matched with the results of the systematic literature search.
Corresponding authors of all large studies with broader inclusion
will also be contacted to obtain data for the CKD population if
available.

Data collection and analysis

Selection of studies

All RCTs enrolling patients with CKD as defines above, including
patients on RRT and recipients of a kidney transplant will
be considered. RCT including participants without CKD will be
excluded unless specific subpopulation data for those with CKD are
available.

Based on the search strategy described, we will identify titles
and abstracts that may be relevant to this systematic review. Two
independent authors will then screen the titles and abstracts and
select the ones that meet the inclusion criteria. Discrepancies in
selection will be resolved by discussion or by the review of an
experienced arbitrator.

Studies reported in non-English language journals will be
translated before assessment and the process will be defined in the
review.

Data extraction and management

Two authors will independently read the full text of extracted
articles, assess their methodological quality and include studies
that meet the inclusion criteria. Where more than one publication
of one study exists, reports will be grouped together and only
the publication with the most complete data will be used in the
analyses. Where relevant outcomes are only published in earlier
versions this data will be used. Any discrepancy between published
versions will be highlighted.

Two independent authors will use standardised data forms to
extract data on:

Antiplatelet agents for chronic kidney disease (Review)
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• Study design

• Participants: patients baseline characteristics including age,
gender, race, diabetic status (% with diabetes and type of
diabetes), hypertension status (% with hypertension), smoking
status (% smokers), visceral obesity (% with visceral obesity as
defined by authors), previous cardiovascular events (% with)
and history of cardiovascular diseases (% with), stage of CKD

• Interventions and comparisons: diGerent antiplatelet
agents and diGerent doses and route of administration used

• Outcomes: all-cause mortality, cardiovascular events and
mortality, renal outcomes and toxicity

Assessment of risk of bias in included studies

The quality of included studies will be formally assessed by looking
at standard quality domains using the risk of bias assessment tool
(Higgins 2008).

• Was there adequate sequence generation?

• Was allocation adequately concealed?

• Was knowledge of the allocated interventions adequately
prevented during the study?

• Were incomplete outcome data adequately addressed?

• Are reports of the study free of suggestion of selective outcome
reporting?

• Was the study apparently free of other problems that could put
it at a risk of bias?

We will make explicit judgements (Appendix 2) regarding whether
studies are at high risk of bias, according to the criteria given in the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2008). With reference to the six points as described above, we will
assess the likely magnitude and direction of the bias and whether
we consider it is likely to impact on the findings. We will explore the
impact of the level of bias by undertaking sensitivity analyses.

Measures of treatment e9ect

For dichotomous outcomes, e.g. death, cardiovascular events etc.
results will be expressed as risk ratio (RR) with 95% confidence
intervals (CI). Where continuous scales of measurement are used
to assess the eGects of treatment (e.g. creatinine clearance (CrCl),
GFR, SCr, proteinuria), the mean diGerence (MD) and its 95% CI will
be used, or the standardised mean diGerence (SMD) and its 95% CI
if diGerent scales have been used.

Unit of analysis issues

Data in diGerent metrics will be analysed by converting reported
values to SI units. The final results will be presented in International
System (SI) units with conventional units in parentheses.

Dealing with missing data

If possible, data for each outcome of interest will be evaluated,
regardless of whether the analysis is based on intention-to-treat
(ITT) or how complete the data are. In particular, drop-out rates
will be investigated and reported in detail such as drop-out due to
discontinuation of study drug, treatment failure, death, withdrawal
of consent or loss to follow-up. Missing data will be imputed when
possible and details will be reported.

Assessment of heterogeneity

We will test for heterogeneity with Cochran’s Q, which follows
a Chi2 distribution with n-1 degrees of freedom, and an
alpha of < 0.10 used for statistical significance. The extent of
heterogeneity will be assessed with I2, which ranges between
0% and 100% and expresses the proportion of between group
variability that is attributable to heterogeneity rather than chance
(Higgins 2003). I2 values above 75% are typically held to signify
extreme heterogeneity, whereas 25% and 50% correspond to
low and medium levels of heterogeneity, respectively. However,
considerable clinical heterogeneity is expected, therefore random
eGects models will be used for analysing the data.

Assessment of reporting biases

We will test for asymmetries in the inverted funnel plots (i.e. for
systematic diGerences in the eGect sizes between more precise and
less precise studies) using the original (Egger 1997) and modified
Egger tests (Harbord 2006) and the Begg and Mazumdar correlation
test (Begg 1994). There are many potential explanations for why
an inverted funnel plot may be asymmetric, including chance,
heterogeneity, publication and reporting bias (Terrin 2005). We
will refrain from judging funnel plot asymmetries based on visual
inspection as this has been shown to be misleading in empirical
research (Lau 2006). Publication bias will also be evaluated by
testing the robustness of the results according to publication,
namely, publication as full manuscript in a peer reviewed journal
versus studies published as abstracts/text/letters/editorials and
publication.

Data synthesis

Data will be pooled using the random eGects model. The fixed
eGects model will also be analysed to ensure robustness of the
model chosen and susceptibility to outliers. Methodological quality
of the selected studies will be reviewed by two independent
authors using the Cochrane Renal Group checklist.

 The GRADE approach developed by Grades of Recommendation,
Assessment, Development and Evaluation Working Group (GRADE
Working Group) will be used for evaluating the quality of evidence
for outcomes to be reported. Based on the GRADE approach, the
quality of a body of evidence, in terms of the extent to which one
can be confident that an estimate of eGect or association is close
to the quantity of specific interest, will be defined. Quality of a
body of evidence involves consideration of within-study risk of bias
(methodological quality), directness of evidence, heterogeneity,
precision of eGect estimates and risk of publication bias (Table 1).
Four levels of quality (Table 2) will be assigned to the evidence.

Subgroup analysis and investigation of heterogeneity

Heterogeneity will be investigated by analysing the data using
subgroups according to the following parameters:

• Population characteristics
* Stage of CKD (pre-dialysis/conservative treatment, dialysis,

transplant, and KDOQI stages 1-5)

* Presence or absence of co-morbidities (diabetes,
hypertension, dyslipidaemia, smoking, obesity, family
history of cardiovascular disease, baseline cardiovascular
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disease); percentage of patients with these co-morbidities in
each study

* Age

* Gender

* Mean systolic blood pressure (below 140 mm Hg versus 140
mm Hg or above)

* Ethnicity (White, Afro-American, Asian, other)

* Presence or absence of previous cardiovascular events (e.g.
primary versus secondary prevention)

* Time on dialysis (fewer than three years versus three years
or more) and modalities of dialysis (haemodialysis versus
peritoneal dialysis)

* Time with a functioning transplant (fewer than three years
versus three years or more)

• Intervention characteristics
* Types, doses and route of administration of the antiplatelet

agents

* Duration of intervention (less than 6 months, 6 to 12 months,
greater than 12 months)

If suGicient studies are available, we will conduct sensitivity
analysis based on allocation concealment, blinding of participants,
investigators and outcome assessors, attrition (above or below
10%), ITT analysis, and premature discontinuation of the study.

We will perform univariate meta-regression according to previously
described methods if suGicient studies are identified (Palmer 2007).

Sensitivity analysis

Sensitivity analyses will be undertaken to explore the robustness
of findings to key decisions in the review process. These will
be determined as the review process takes place (Higgins 2008).
Where direct comparisons studies between anti-platelet agents are
not available, we will attempt to perform indirect comparisons of
anti-platelet agent versus anti-platelet agent if suGicient data are
available (Song 2003). Sensitivity analysis will be undertaken to
explore the influence of the study methods quality on the results.

A C K N O W L E D G E M E N T S

We wish to thank the referees for their advice and feedback during
the preparation of this protocol.

Antiplatelet agents for chronic kidney disease (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

5



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

R E F E R E N C E S
 

Additional references

Aakhus 1999

Aakhus S, Dahl K, Wideroe TE. Cardiovascular morbidity and
risk factors in renal transplant patients. Nephrology Dialysis
Transplantation 1999;14(3):648-54. [MEDLINE: 10193814]

Amann 2003

Amann K, Tyralla K, Gross ML, Eifert T, Adamczak M, Ritz E.
Special characteristics of atherosclerosis in chronic renal
failure. Clinical Nephrology 2003;60 Suppl 1:S13-21. [MEDLINE:
12940530]

ATT 2002

Antithrombotic Trialists' Collaboration. Collaborative meta-
analysis of randomised trials of antiplatelet therapy for
prevention of death, myocardial infarction, and stroke in high
risk patients. BMJ 2002;324(7329):71-86. [MEDLINE: 11786451]

AusDiab Survey 2003

Chadban SJ, Briganti EM, Kerr PG, Dunstan DW, Welborn TA,
Zimmet PZ, et al. Prevalence of kidney damage in Australian
adults: The AusDiab kidney study. Journal of the American
Society of Nephrology 2006;14(7 Suppl 2):S131-8. [MEDLINE:
12819318]

Begg 1994

Begg CB, Mazumdar M. Operating characteristics of a
rank correlation test for publication bias. Biometrics
1994;50(4):1088-101. [MEDLINE: 7786990]

Berger 2003

Berger AK, Duval S, Krumholz HM. Aspirin, beta-blocker,
and angiotensin-converting enzyme inhibitor therapy in
patients with end-stage renal disease and an acute myocardial
infarction. Journal of the American College of Cardiology
2003;42(2):201-8. [MEDLINE: 12875751]

Best 2008

Best PJ, Steinhubl SR, Berger PB, Dasgupta A, Brennan DM,
Szczech LA, et al. The eGicacy and safety of short- and long-term
dual antiplatelet therapy in patients with mild or moderate
chronic kidney disease: results from the Clopidogrel for the
Reduction of Events During Observation (CREDO) trial. American
Heart Journal 2008;155(4):687-93. [MEDLINE: 18371477]

Bonomini 1986

Bonomini V, Vangelista A, Stefoni S, Scolari M P, Frasca GM,
Raimondi C. Use of defibrotide in renal transplantation in man.
Haemostasis 1986;16 Suppl 1:48-50. [MEDLINE: 3519383]

Casas 2005

Casas JP, Chua W, Loukogeorgakis S, Vallance P, Smeeth L,
Hingorani AD, et al. EGect of inhibitors of the renin-
angiotensin system and other antihypertensive drugs on
renal outcomes: systematic review and meta-analysis. Lancet
2005;366(9502):2026-33. [MEDLINE: 16338452]

Collins 2003

Collins AJ. Cardiovascular mortality in end-stage renal disease.
American Journal of the Medical Sciences 2003;325(4):163-7.
[MEDLINE: 12695721]

Curtis 2005

Curtis BM, Parfrey PS. Congestive heart failure in chronic
kidney disease: disease-specific mechanisms of systolic and
diastolic heart failure and management. Cardiology Clinics
2005;23(3):275-84. [MEDLINE: 16084277]

Dember 2008

Dember LM, Beck GJ, Allon M, Delmez JA, Dixon BS,
Greenberg A, et al. EGect of clopidogrel on early failure
of arteriovenous fistulas for hemodialysis: a randomized
controlled trial. JAMA 2008;299(18):2164-71. [MEDLINE:
18477783]

Dikow 2005

Dikow R, Zeier M, Ritz E. Pathophysiology of cardiovascular
disease and renal failure. Cardiology Clinics 2005;23(3):311-7.
[MEDLINE: 16084280]

Egger 1997

Egger M, Smith GD, Schneider M, Minder C. Bias in
meta-analysis detected by a simple, graphical test. BMJ
1997;315(7109):629-34. [MEDLINE: 9310563]

Fields 2004

Fields LE, Burt VL, Cutler JA, Hughes J, Roccella EJ, Sorlie P.
The burden of adult hypertension in the United States 1999 to
2000: a rising tide. Hypertension 2004;44(4):398-404. [MEDLINE:
15326093]

Foley 1995

Foley RN, Parfrey PS, Harnett JD, Kent GM, Martin CJ,
Murray DC, et al. Clinical and echocardiographic disease in
patients starting end-stage renal disease therapy. Kidney
International 1995;47(1):186-92. [MEDLINE: 7731145]

Foley 1998

Foley RN, Parfrey PS, Sarnak MJ. Clinical epidemiology of
cardiovascular disease in chronic renal disease. American
Journal of Kidney Diseases 1998;32(5 Suppl 3):S112-9.
[MEDLINE: 9820470]

Foley 2003

Foley RN. Clinical epidemiology of cardiac disease in dialysis
patients: leP ventricular hypertrophy, ischemic heart disease,
and cardiac failure. Seminars in Dialysis 2003;16(2):111-7.
[MEDLINE: 12641874]

Fort 2005

Fort J. Chronic renal failure: a cardiovascular risk factor.
Kidney International - Supplement 2005, (99):S25-9. [MEDLINE:
16336573]

Antiplatelet agents for chronic kidney disease (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

6



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Frasca 1986

Frasca GM, Vangelista A, Raimondi C, Bonomini V. Prevention
of vascular graP lesions in renal transplant recipients with a
new antithrombotic agent (defibrotide): a controlled study. Life
Support Systems 1986;4(3):231-7. [MEDLINE: 3537545]

Go 2004

Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic
kidney disease and the risks of death, cardiovascular events,
and hospitalization. New England Journal of Medicine
2004;351(13):1296-305. [MEDLINE: 15385656]

Harbord 2006

Harbord RM, Egger M, Sterne JA. A modified test for small-
study eGects in meta-analyses of controlled trials with binary
endpoints. Statistics in Medicine 2006;25(20):3443-57. [MEDLINE:
16345038]

Higgins 2003

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring
inconsistency in meta-analyses. BMJ 2003;327(7414):557-60.
[MEDLINE: 12958120]

Higgins 2008

Higgins JPT, Green S, editors. Cochrane Handbook for
Systematic Reviews of Interventions Version 5.0.0 [updated
February 2008]. The Cochrane Collaboration. 2008. Available
from www.cochrane-handbook.org.

Kasiske 2000

Kasiske BL. Cardiovascular disease aPer renal transplantation.
Seminars in Nephrology 2000;20(2):176-87. [MEDLINE:
10746859]

Kaw 2006

Kaw D, Malhotra D. Platelet dysfunction and end-stage renal
disease. Seminars in Dialysis 2006;19(4):317-22. [MEDLINE:
16893410]

Keith 2004

Keith DS, Nichols GA, Gullion CM, Brown JB, Smith DH.
Longitudinal follow-up and outcomes among a population with
chronic kidney disease in a large managed care organization.
Archives of Internal Medicine 2004;164(6):659-63. [MEDLINE:
15037495]

Koren-Morag 2006

Koren-Morag N, Goldbourt U, Tanne D. Renal dysfunction and
risk of ischemic stroke or TIA in patients with cardiovascular
disease. Neurology 2006;67(2):224-8. [MEDLINE: 16864812]

Lau 2006

Lau J, Ioannidis JP, Terrin N, Schmid CH, Olkin I. The case of the
misleading funnel plot. BMJ 2006;333(7568):597-600. [MEDLINE:
16974018]

Lefebvre 2008

Lefebvre C, Manheimer E, Glanville J. Chapter 6: Searching
for studies. In Cochrane Handbook for Systematic Reviews
of Interventions Version 5.0.0 (updated February 2008). The

Cochrane Collaboration. Available from www.cochrane-
handbook.org.

Mann 2001

Mann JF, Gerstein HC, Pogue J, Bosch J, Yusuf S. Renal
insuGiciency as a predictor of cardiovascular outcomes and the
impact of ramipril: the HOPE randomized trial. Annals of Internal
Medicine 2001;134(8):629-36. [MEDLINE: 11304102]

McCullough 2002

McCullough PA, Sandberg KR, Borzak S, Hudson MP, Garg M,
Manley HJ. Benefits of aspirin and beta-blockade aPer
myocardial infarction in patients with chronic kidney disease.
American Heart Journal 2002;144(2):226-32. [MEDLINE:
12177638]

Mokdad 2003

Mokdad AH, Ford ES, Bowman BA, Dietz WH, Vinicor F, Bales VS,
et al. Prevalence of obesity, diabetes, and obesity-related health
risk factors, 2001. JAMA 2003;289(1):76-9. [MEDLINE: 12503980]

Mosenkis 2004

Mosenkis A, Berns JS. Use of low molecular weight heparins
and glycoprotein IIb/IIIa inhibitors in patients with chronic
kidney disease. Seminars in Dialysis 2004;17(5):411-5. [MEDLINE:
15461751]

NHANES 2010

National Health and Nutrition Examination Survey. http://
www.cdc.gov/nchs/nhanes.htm (accessed September 2010).

Norris 2006

Norris K, Bourgoigne J, Gassman J, Hebert L, Middleton J,
Phillips RA, et al. Cardiovascular outcomes in the African
American Study of Kidney Disease and Hypertension (AASK)
Trial. American Journal of Kidney Diseases 2006;48(5):739-51.
[MEDLINE: 17059993]

Ojo 2000

Ojo AO, Hanson JA, Wolfe RA, Leichtman AB, Agodoa LY, Port FK.
Long-term survival in renal transplant recipients with graP
function. Kidney International 2000;57(1):307-13. [MEDLINE:
10620213]

Palmer 2007

Palmer SC, McGregor DO, Macaskill P, Craig JC, Elder GJ,
Strippoli GF. Meta-analysis: vitamin D compounds in chronic
kidney disease. Annals of Internal Medicine 2007;147(12):840-53.
[MEDLINE: 18087055]

Remppis 2008

Remppis A, Ritz E. Cardiac problems in the dialysis
patient: beyond coronary disease. Seminars in Dialysis
2008;21(4):319-25. [MEDLINE: 18627566]

Remuzzi 1988

Remuzzi G. Bleeding in renal failure. Lancet
1988;1(8596):1205-8. [MEDLINE: 2897015]

Antiplatelet agents for chronic kidney disease (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

7



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Renal Group 2010

Willis NS, Mitchell R, Higgins GY, Webster AC, Craig JC. Cochrane
Renal Group. About The Cochrane Collaboration (Cochrane
Review Groups (CRGs)) 2010, Issue 9. Art. No.: RENAL (accessed
September 2010).

Roberts 2006

Roberts MA, Hare DL, Ratnaike S, Ierino FL. Cardiovascular
biomarkers in CKD: pathophysiology and implications for
clinical management of cardiac disease. American Journal of
Kidney Diseases 2006;48(3):341-60. [MEDLINE: 16931208]

Ruilope 2001

Ruilope LM, Salvetti A, Jamerson K, Hansson L, Warnold I,
Wedel H, et al. Renal function and intensive lowering of blood
pressure in hypertensive participants of the hypertension
optimal treatment (HOT) study. Journal of the American Society
of Nephrology 2001;12(2):218-25. [MEDLINE: 11158211]

Sarnak 2003

Sarnak MJ, Levey AS, Schoolwerth AC, Coresh J, Culleton B,
Hamm LL, et al. Kidney disease as a risk factor for development
of cardiovascular disease: a statement from the American Heart
Association Councils on Kidney in Cardiovascular Disease, High
Blood Pressure Research, Clinical Cardiology, and Epidemiology
and Prevention. Hypertension 2003;42(5):1050-65. [MEDLINE:
14604997]

Scheen 2008

Scheen AJ. Medications in the kidney. Acta Clinica Belgica
2008;63(2):76-80. [MEDLINE: 18575046]

Shah 2008

Shah DS, Polkinghorne KR, Pellicano R, Kerr PG. Are traditional
risk factors valid for assessing cardiovascular risk in end-
stage renal failure patients?. Nephrology 2008;13(8):667-71.
[MEDLINE: 18761627]

Song 2003

Song F, Altman DG, Glenny AM, Deeks JJ. Validity of indirect
comparison for estimating eGicacy of competing interventions:
empirical evidence from published meta-analyses. BMJ
2003;326(7387):472. [MEDLINE: 12609941]

Taji 2006

Taji Y, Kuwahara T, Shikata S, Morimoto T. Meta-analysis of
antiplatelet therapy for IgA nephropathy. Clinical & Experimental
Nephrology 2006;10(4):268-73. [MEDLINE: 17186331]

Terrin 2005

Terrin N, Schmid CH, Lau J. In an empirical evaluation of the
funnel plot, researchers could not visually identify publication
bias. Journal of Clinical Epidemiology 2005;58(9):894-901.
[MEDLINE: 16085192]

Wattanakit 2008

Wattanakit K, Cushman M, Stehman-Breen C, et al.
Chronic kidney disease increases risk for venous
thromboembolism. Journal of the American Society of
Nephrology 2008;19(1):135-40. [MEDLINE: 18032796]

Weiner 2004a

Weiner DE, Tighiouart H, Amin MG, Stark PC, MacLeod B,
GriGith JL, et al. Chronic kidney disease as a risk factor for
cardiovascular disease and all-cause mortality: a pooled
analysis of community-based studies. Journal of the American
Society of Nephrology 2004;15(5):1307-15. [MEDLINE: 15100371]

Weiner 2004b

Weiner DE, Tighiouart H, Stark PC, Amin MG, MacLeod B,
GriGith JL, et al. Kidney disease as a risk factor for recurrent
cardiovascular disease and mortality. American Journal of
Kidney Diseases 2004;44(2):198-206. [MEDLINE: 15264177]

Zauner 1994

Zauner I, Bohler J, Braun N, Grupp C, Heering P, Schollmeyer P.
EGect of aspirin and dipyridamole on proteinuria in
idiopathic membranoproliferative glomerulonephritis:
a multicentre prospective clinical trial. Collaborative
Glomerulonephritis Therapy Study Group (CGTS). Nephrology
Dialysis Transplantation 1994;9(6):619-22. [MEDLINE: 7970086]

Zwaginga 1991

Zwaginga JJ, IJsseldijk MJ, de Groot P G, Vos J, de Bos Kuil RL,
Sixma JJ. Defects in platelet adhesion and aggregate formation
in uremic bleeding disorder can be attributed to factors in
plasma. Arteriosclerosis & Thrombosis 1991;11(3):733-44.
[MEDLINE: 2029508]

 

A D D I T I O N A L   T A B L E S
 

Underlying methodology Quality rating

RCTs; or double-upgraded observational studies. High

Downgraded RCTs; or upgraded observational studies. Moderate

Double-downgraded RCTs; or observational studies. Low

Triple-downgraded RCTs; or downgraded observational studies; or case series/case Very low

Table 1.   Levels of quality of the body of evidence using the GRADE approach 
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1. Limitations in the design and implementation of available studies suggesting high likelihood of bias.

2. Indirectness of evidence (indirect population, intervention, control, outcomes).

3. Unexplained heterogeneity or inconsistency of results (including problems with subgroup analyses).

4. Imprecision of results (wide confidence intervals).

5. High probability of publication bias.

Table 2.   Factors that may decrease the quality level of a body of evidence 

 

 

A P P E N D I C E S

Appendix 1. Electronic search strategies

 

Database Search terms

CENTRAL 1. MeSH descriptor Phosphodiesterase Inhibitors explode all trees

2. MeSH descriptor Adenosine Diphosphate, this term only with qualifier: AI

3. MeSH descriptor Platelet Glycoprotein GPIIb-IIIa Complex, this term only with qualifier: AI

4. ((antiplatelet next agent*) or (anti-platelet next agent*)):ti,ab,kw

5. ((antiplatelet therap*) or (anti-platelet therap*)):ti,ab,kw

6. (platelet next aggregation next inhibit*):ti,ab,kw

7. (phosphodiesterase next inhibit*):ti,ab,kw

8. (thrombocyte next aggregation next inhibit*):ti,ab,kw

9. ((antithrombocytic next agent*) or (anti-thrombocytic next agent*)):ti,ab,kw

10.((antithrombocytic next therap*) or (anti-thrombocytic next therap*)):ti,ab,kw

11.alprostadil:ti,ab,kw

12.aspirin:ti,ab,kw

13.acetylsalicylic acid:ti,ab,kw

14.((adenosine next reuptake inhibit*) or (adenosine re-uptake inhibit*)):ti,ab,kw

15.(adenosine next diphosphate next receptor next inhibit*):ti,ab,kw

16.dipyridamole:ti,ab,kw

17.disintegrins:ti,ab,kw

18.epoprostenol:ti,ab,kw

19.iloprost:ti,ab,kw

20.ketanserin:ti,ab,kw

21.milrinone:ti,ab,kw

22.pentoxifylline:ti,ab,kw

23.(S-nitrosoglutathione):ti,ab,kw

24.S-nitrosothiols:ti,ab,kw

25.trapidil:ti,ab,kw

26.ticlopidine:ti,ab,kw

27.clopidogrel:ti,ab,kw

28.(sulfinpyrazone or sulphinpyrazone):ti,ab,kw

29.cilostazol:ti,ab,kw

30.(P2Y12 NEAR/2 antagonis*):ti,ab,kw
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31.prasugrel:ti,ab,kw

32.ticagrelor:ti,ab,kw

33.cangrelor:ti,ab,kw

34.elinogrel:ti,ab,kw

35."glycoprotein IIB/IIIA inhibitors":ti,ab,kw

36.abciximab:ti,ab,kw

37.eptifibatide:ti,ab,kw

38.tirofiban:ti,ab,kw

39.defibrotide:ti,ab,kw

40.picotamide:ti,ab,kw

41.beraprost:ti,ab,kw

42.ticlid:ti,ab,kw

43.aggrenox:ti,ab,kw

44.ditazole:ti,ab,kw

45.(#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR
#15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27
OR #28 OR #29 OR #30 OR #31 OR #32 OR #33 OR #34 OR #35 OR #36 OR #37 OR #38 OR #39 OR
#40 OR #41 OR #42 OR #43 OR #44)

46.dialysis:ti,ab,kw

47.(hemodialysis or haemodialysis):ti,ab,kw

48.(hemofiltration or haemofiltration):ti,ab,kw

49.(hemodiafiltration or haemodiafiltration):ti,ab,kw

50.(PD or CAPD or CCPD or APD):ti,ab,kw

51.(renal next insufficiency):ti,ab,kw

52.(kidney next failure):ti,ab,kw

53.(kidney next disease*):ti,ab,kw

54.ur*emi*:ti,ab,kw

55.((chronic next kidney) or (chronic next renal)):ti,ab,kw

56.(CKF or CKD or CRF or CRD):ti,ab,kw

57.predialysis:ti,ab,kw

58.((end-stage next renal) or (end-stage next kidney) or (endstage next renal) or (endstage next kid-
ney)):ti,ab,kw

59.(ESKD or ESRD or ESKF or ESRF):ti,ab,kw

60.((kidney next transplant*) or (renal next transplant*) or (kidney next *graP*) or (renal next
*graP*)):ti,ab,tw

61.(#46 OR #47 OR #48 OR #49 OR #50 OR #51 OR #52 OR #53 OR #54 OR #55 OR #56 OR #57 OR #58
OR #59 OR #60)

62.(#45 AND #61)

MEDLINE 1. exp Platelet Aggregation Inhibitors/

2. exp Phosphodiesterase Inhibitors/

3. Adenosine Diphosphate/ai [Antagonists & Inhibitors]

4. Platelet Glycoprotein GPIIb-IIIa Complex/ai [Antagonists & Inhibitors]

5. Sulfinpyrazone/

6. (antiplatelet agents$ or anti-platelet agent$).tw.

7. (antiplatelet therap$ or anti-platelet therap$).tw.

8. platelet aggregation inhibit$.tw.

9. phosphodiesterase inhibit$.tw.

10.thrombocyte aggregation inhibit$.tw.

11.(antithrombocytic agent$ or anti-thrombocytic agent$).tw.

12.(antithrombocytic therap$ or anti-thrombocytic therap$).tw.

13.alprostadil.tw.
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14.aspirin.tw.

15.acetylsalicylic acid.tw.

16.(adenosine reuptake inhibit$ or adenosine re-uptake inhibit$).tw.

17.adenosine diphosphate receptor inhibit$.tw.

18.dipyridamole.tw.

19.disintegrins.tw.

20.epoprostenol.tw.

21.iloprost.tw.

22.ketanserin.tw.

23.milrinone.tw.

24.pentoxifylline.tw.

25.S-nitrosoglutathione.tw.

26.S-nitrosothioles.tw.

27.trapidil.tw.

28.ticlopidine.tw.

29.clopidogrel.tw.

30.(sulfinpyrazone or sulphinpyrazone).tw.

31.cilostazol.tw.

32.(P2Y12 adj2 antagonis$).tw.

33.prasugrel.tw.

34.ticagrelor.tw.

35.cangrelor.tw.

36.elinogrel.tw.

37."glycoprotein IIB/IIIA inhibitors".tw.

38.abciximab.tw.

39.eptifibatide.tw.

40.tirofiban.tw.

41.defibrotide.tw.

42.picotamide.tw.

43.beraprost.tw.

44.ticlid.tw.

45.aggrenox.tw.

46.ditazole.tw.

47.or/1-46

48.exp Renal Dialysis/

49.(hemodialysis or haemodialysis).tw.

50.(hemofiltration or haemofiltration).tw.

51.(hemodiafiltration or haemodiafiltration).tw.

52.dialysis.tw.

53.(PD or CAPD or CCPD or APD).tw.

54.Renal Insufficiency/

55.Kidney Failure/

56.exp Renal Insufficiency, Chronic/

57.Kidney Diseases/

58.Uremia/

59.(end-stage renal or end-stage kidney or endstage renal or endstage kidney).tw.

60.(ESRF or ESKF or ESRD or ESKD).tw.

61.(chronic kidney or chronic renal).tw.

62.(CKF or CKD or CRF or CRD).tw.

63.(predialysis or pre-dialysis).tw.

64.ur?emi$.tw.

  (Continued)
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65.or/48-64

66.and/47,65

EMBASE 1. exp Antithrombocytic Agent/

2. exp Phosphodiesterase Inhibitor/

3. Defibrotide/

4. platelet aggregation inhibit$.tw.

5. (antiplatelet agents$ or anti-platelet agent$).tw.

6. (antiplatelet therap$ or anti-platelet therap$).tw.

7. thrombocyte aggregation inhibit$.tw.

8. (antithrombocytic agent$ or anti-thrombocytic agent$).tw.

9. (antithrombocytic therap$ or anti-thrombocytic therap$).tw.

10.adenosine diphosphate receptor inhibit$.tw.

11.phophodiesterase inhibit$.tw.

12.(adenosine reuptake inhibit$ or adenosine re-uptake inhibit$).tw.

13.aspirin.tw.

14.acetylsalicylic acid.tw.

15.dipyridamole.tw.

16.ticlopidine.tw.

17.clopidogrel.tw.

18.(sulfinpyrazone or sulphinpyrazone).tw.

19.cilostazol.tw.

20.(P2Y12 adj2 antagonis$).tw.

21.prasugrel.tw.

22.ticagrelor.tw.

23.cangrelor.tw.

24.elinogrel.tw.

25."glycoprotein IIB/IIIA inhibit$".tw.

26.abciximab.tw.

27.eptifibatide.tw.

28.tirofiban.tw.

29.defibrotide.tw.

30.picotamide.tw.

31.beraprost.tw.

32.ticlid.tw.

33.aggrenox.tw.

34.ditazole.tw.

35.or/1-34

36.exp Renal Replacement Therapy/

37.(hemodialysis or haemodialysis).tw

38.(hemofiltration or haemofiltration).tw.

39.(hemodiafiltration or haemodiafiltration).tw.

40.dialysis.tw.

41.(PD or CAPD or CCPD or APD).tw.

42.Kidney Disease/

43.Chronic Kidney Disease/

44.Kidney Failure/

45.Chronic Kidney Failure/

46.Uremia/

47.(chronic kidney or chronic renal).tw.

48.(CKF or CKD or CRF or CRD).tw.

49.(end-stage renal or end-stage kidney or endstage renal or endstage kidney).tw.

  (Continued)
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50.(ESRF or ESKF or ESRD or ESKD).tw.

51.ur?emi$.tw.

52.exp Kidney Transplantation/

53.or/36-52

54.and/35,53

  (Continued)

 

Appendix 2. Risk of bias assessment tool

 

Potential source of bias Assessment criteria

Yes (low risk of bias): Random number table; computer random number generator; coin tossing;
shuffling cards or envelopes; throwing dice; drawing of lots; minimization (minimization may be
implemented without a random element, and this is considered to be equivalent to being random).

No (high risk of bias): Sequence generated by odd or even date of birth; date (or day) of admission;
sequence generated by hospital or clinic record number; allocation by judgement of the clinician;
by preference of the participant; based on the results of a laboratory test or a series of tests; by
availability of the intervention.

Was there adequate se-
quence generation?

Unclear: Insufficient information about the sequence generation process to permit judgement.

Yes (low risk of bias): Randomisation method described that would not allow investigator/partici-
pant to know or influence intervention group before eligible participant entered in the study (e.g.
central allocation, including telephone, web-based, and pharmacy-controlled, randomisation; se-
quentially numbered drug containers of identical appearance; sequentially numbered, opaque,
sealed envelopes).

No (high risk of bias): Using an open random allocation schedule (e.g. a list of random numbers); as-
signment envelopes were used without appropriate safeguards (e.g. if envelopes were unsealed or
non-opaque or not sequentially numbered); alternation or rotation; date of birth; case record num-
ber; any other explicitly unconcealed procedure.

Was allocation adequately
concealed?

Unclear: Randomisation stated but no information on method used is available.

Yes (low risk of bias): No blinding, but the review authors judge that the outcome and the outcome
measurement are not likely to be influenced by lack of blinding; blinding of participants and key
study personnel ensured, and unlikely that the blinding could have been broken; either partici-
pants or some key study personnel were not blinded, but outcome assessment was blinded and
the non-blinding of others unlikely to introduce bias.

No (high risk of bias): No blinding or incomplete blinding, and the outcome or outcome measure-
ment is likely to be influenced by lack of blinding; blinding of key study participants and person-
nel attempted, but likely that the blinding could have been broken; either participants or some key
study personnel were not blinded, and the non-blinding of others likely to introduce bias.

Was knowledge of the al-
located interventions ade-
quately prevented during
the study?

Unclear: Insufficient information to permit judgement of ‘Yes’ or ‘No'

Were incomplete outcome
data adequately addressed?

Yes (low risk of bias): No missing outcome data; reasons for missing outcome data unlikely to be
related to true outcome (for survival data, censoring unlikely to be introducing bias); missing out-
come data balanced in numbers across intervention groups, with similar reasons for missing data
across groups; for dichotomous outcome data, the proportion of missing outcomes compared with
observed event risk not enough to have a clinically relevant impact on the intervention effect esti-
mate; for continuous outcome data, plausible effect size (difference in means or standardized dif-
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ference in means) among missing outcomes not enough to have a clinically relevant impact on ob-
served effect size; missing data have been imputed using appropriate methods.

No (high risk of bias): Reason for missing outcome data likely to be related to true outcome, with
either imbalance in numbers or reasons for missing data across intervention groups; for dichoto-
mous outcome data, the proportion of missing outcomes compared with observed event risk
enough to induce clinically relevant bias in intervention effect estimate; for continuous outcome
data, plausible effect size (difference in means or standardized difference in means) among miss-
ing outcomes enough to induce clinically relevant bias in observed effect size; ‘as-treated’ analysis
done with substantial departure of the intervention received from that assigned at randomisation;
potentially inappropriate application of simple imputation.

Unclear: Insufficient information to permit judgement of ‘Yes’ or ‘No'.

Yes (low risk of bias): The study protocol is available and all of the study’s pre-specified (primary and
secondary) outcomes that are of interest in the review have been reported in the pre-specified way;
the study protocol is not available but it is clear that the published reports include all expected out-
comes, including those that were pre-specified (convincing text of this nature may be uncommon).

No (high risk of bias): Not all of the study’s pre-specified primary outcomes have been reported; one
or more primary outcomes is reported using measurements, analysis methods or subsets of the da-
ta (e.g. subscales) that were not pre-specified; one or more reported primary outcomes were not
pre-specified (unless clear justification for their reporting is provided, such as an unexpected ad-
verse effect); one or more outcomes of interest in the review are reported incompletely so that they
cannot be entered in a meta-analysis; the study report fails to include results for a key outcome
that would be expected to have been reported for such a study.

Are reports of the study free
of suggestion of selective
outcome reporting?

Unclear: Insufficient information to permit judgement of ‘Yes’ or ‘No'.

Yes (low risk of bias): The study appears to be free of other sources of bias.

No (high risk of bias): Had a potential source of bias related to the specific study design used;
stopped early due to some data-dependent process (including a formal-stopping rule); had ex-
treme baseline imbalance; has been claimed to have been fraudulent; had some other problem.

Was the study apparently
free of other problems that
could put it at a risk of bias?

Unclear: Insufficient information to permit judgement of ‘Yes’ or ‘No'.

  (Continued)
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