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ABSTRACT
Patients with chronic kidney disease (CKD) have an increased risk of
obstructive coronary artery disease (CAD), whereas patients with end
stage renal disease who are receiving hemodialysis represent a pop-
ulation at particularly high risk of developing cardiac ischemic events.
Patients with CKD and acute coronary syndromes should be treated
the same way as acute coronary syndromes patients without kidney
dysfunction. The benefit of revascularization in patients with advanced
kidney failure and CAD is unknown. Observational studies suggest that
revascularization might confer a survival benefit compared with med-
ical therapy alone. Little evidence from randomized trials exists
regarding the effectiveness of revascularization of patients with CAD
with either coronary artery bypass grafting or percutaneous coronary
intervention vs medical therapy alone in patients with CKD. The risk of
contrast-induced nephropathy is a major concern when percutaneous
coronary intervention is performed in patients with CKD. Strict rehy-
dration protocols and techniques to minimize contrast use are para-
mount to reduce this risk. Finally, in CKD patients who are awaiting
kidney transplantation, a noninvasive or invasive CAD screening
approach according to the cardiovascular risk profile should be used.
Revascularization should be performed in candidates with critical
lesions.
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R�ESUM�E
Les patients atteints de n�ephropathie chronique (NC) pr�esentent un
risque accru de coronaropathie obstructive, tandis que les patients
atteints de n�ephropathie terminale sous h�emodialyse pr�esentent un
risque particulièrement �elev�e d’isch�emie cardiaque. Les patients
atteints de NC et d’un syndrome coronarien aigu doivent recevoir le
même traitement que les patients atteints d’un syndrome coronarien
aigu sans insuffisance r�enale. Les bienfaits de la revascularisation
chez les patients atteints d’insuffisance r�enale à un stade avanc�e et de
coronaropathie ne sont pas connus. Des �etudes d’observation in-
diquent que la revascularisation pourrait am�eliorer la survie com-
parativement à un traitement m�edical administr�e seul. Il existe peu de
donn�ees probantes provenant d’essais avec r�epartition al�eatoire con-
cernant l’efficacit�e de la revascularisation chez les patients atteints de
coronaropathie qui ont subi un pontage aortocoronarien ou une
intervention coronarienne percutan�ee comparativement aux patients
atteints de NC ayant reçu un traitement m�edical seulement. Le risque
de n�ephropathie induite par un agent de contraste est �elev�e chez les
patients atteints de NC subissant une intervention coronarienne
percutan�ee. Des protocoles et des techniques de r�ehydratation ri-
goureux visant à minimiser l’emploi d’agents de contraste sont
essentiels pour r�eduire ce risque. Enfin, chez les patients atteints de
NC qui sont en attente d’une greffe de rein, le d�epistage de la coro-
naropathie par une m�ethode invasive ou non invasive, en fonction du
profil de risque cardiovasculaire, est recommand�e. Une revascular-
isation s’impose chez les patients pr�esentant des l�esions critiques.
Patients with chronic kidney disease (CKD) have an increased
risk of obstructive coronary artery disease (CAD), a risk that
increases as kidney function deteriorates.1 Kidney dysfunction
is categorized according to the estimated glomerular filtration
rate (eGFR).2 Normal kidney function is defined as an eGFR
> 90 mL/min/1.73 m2, mild CKD (stage 2) between 89 and
60 mL/min/1.73 m2, moderate CKD (stage 3) between 59
and 30 mL/min/1.73 m2, severe CKD (stage 4) between 29
and 15 mL/min/1.73 m2, and end stage renal disease (ESRD;
stage 5) < 15 mL/min/1.73 m2.2 The worse the CKD stage,
the higher is the prevalence of at least 1 coronary artery with
> 70% atherosclerotic stenosis.1
Epidemiology and Prognosis of CAD in CKD
Worsening eGFR is associated with increasing cardiovas-

cular morbidity and mortality.3 In a large cohort of more than
a million subjects from California with kidney function
ranging from normal to severe dysfunction (excluding dial-
ysis), eGFR was independently and gradually associated with
ll rights reserved.
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Figure 1. Rates of sudden cardiac death according to the baseline
estimated glomerular filtration rate (eGFR) category. Rates shown as
events per 1000 patient-years. SCD, sudden cardiac death. Modified
from Pun et al.5 with permission from Elsevier.

Costanzo and D�zavík 1003
Coronary Revascularization in CKD
the risk of death and cardiovascular events. These risks were
already evident with mild CKD.3 This was confirmed in a
large Canadian cohort from the Alberta Kidney Disease
Network database, in which the risk of cardiovascular death
was inversely related to eGFR.4 In particular, the risk of car-
diovascular death due to ischemic heart disease in patients
with CKD but not receiving hemodialysis was > 50%.4

Furthermore, the risk of sudden cardiac death in CAD
patients has been shown to increase by 11% for every
10 mL/min decline in eGFR (Fig. 1).5

Finally, albuminuria has more recently emerged as an
additional tool for prediction of cardiovascular events in
patients with CKD.6 A large individual patient data
meta-analysis showed that the additional use of albuminuria-
creatinine ratio to the eGFR outperforms the eGFR on its
own in predicting cardiovascular events.6 The Kidney Disease
Improving Global Outcomes most recent clinical manage-
ment guidelines recommend considering the level of albu-
minuria to stage the severity of CKD.7

CAD is the most frequent cause of death in patients with
ESRD who are receiving dialysis, with up to 20% of deaths
being due to acute myocardial infarction (MI).8 There is an
early hazard of MI related to the initiation of dialysis, with
52% within 2 years after its initiation.5 One of the largest
ESRD cohorts examined, the US Renal Database System,
specifically examined patients with ST-elevation MI (STEMI)
and non-STEMI (NSTEMI). With almost 43,000 dialysis
patients, the study showed that in-hospital mortality with
STEMI was high but decreased from 38% in 1993 to 26% in
2008.9 Compared with the current average in-hospital mor-
tality for all-comers with STEMI of between 6% and 7%,10

these very high mortality rates are likely related to the
increased complexity of CAD in CKD patients, which renders
revascularization more challenging, which leads to suboptimal
results, and higher thrombotic as well as bleeding risk.11-15

The effect of CKD on developing CAD is large and it
correlates with the degree of severity of the kidney function
deterioration. The prognostic implications are of particular
relevance in determining the best therapeutic approach.
Coronary Revascularization in CKD
The benefit of revascularization in patients with advanced

kidney failure and CAD is poorly delineated. Observational
studies have suggested that revascularization procedures might
convey a survival benefit compared with medical therapy
alone.16-24 In a meta-analysis of nonrandomized studies of
patients with CKD, revascularization, compared with medical
therapy alone, might have similar short-term mortality but
lower long-term mortality (Fig. 2).25 However, these studies
are affected by the bias of selection of the “less healthy” pa-
tients for more conservative treatment alternatives, therefore
the signal of advantage of revascularization over medical
therapy might be spurious. An ongoing multicentre trial, the
International Study of Comparative Health Effectiveness with
Medical and Invasive ApproacheseChronic Kidney Disease
(ISCHEMIA-CKD) study, was designed to address the un-
certainties regarding on optimal long-term revascularization
strategies (percutaneous coronary intervention [PCI] or cor-
onary artery bypass grafting [CABG] where suitable vs
optimal medical therapy) in patients with moderate to
severe stress-induced ischemia and severe CKD
(eGFR < 30 mL/min/1.73 m2).26 The trial has enrolled 777
patients and is currently in the follow-up phase.26
PCI in CKD
Patients with CKD who undergo PCI have more cardio-

vascular risk factors at baseline, with kidney failure being an
independent predictor of cardiovascular events and mortal-
ity.27,28 The risk gradually increases with worsening stages of
CKD as shown by the Mayo Clinic group during an era of
predominant balloon angioplasty and subsequently confirmed
in the stent era in a large Canadian cohort from the Peter
Munk Cardiac Centre (Fig. 3).27,28

In the setting of acute coronary syndromes (ACS), large
registry studies have shown that in the presence of mild to
moderate CKD stages early revascularization compared with
medical therapy leads to better short- and long-term sur-
vival.29,30 However, in CKD stages 4 and 5, the association
between revascularization and better outcome is less clear, as
shown by a large Swedish registry.31 In terms of kidney out-
comes in the setting of ACS, despite being associated with a
small increase in risk of acute kidney injury in the short term,
an early invasive strategy was not associated with long-term
progression to ESRD compared with medical management
in a propensity score-matched cohort from Alberta.32 This is
reflected in the 2014 American College of Cardiology and
American Heart Association guidelines for managing
NSTEMI, in which an invasive strategy is considered
reasonable with a class IIa indication only in patients with
mild stage 2 and stage 3 CKD.33

Coronary revascularization is performed with deployment
of either drug-eluting stents (DES) or bare metal stents
(BMS).34 The latter were developed to decrease neointimal
proliferation, which contributes to the development of reste-
nosis.34 However, implantation of DES necessitates more
prolonged dual antiplatelet therapy compared with implan-
tation of BMS. This can be an issue in patients with CKD,
who have an increased risk of bleeding, proportional to the
CKD stage.14 No randomized trial is available in the kidney
failure population not receiving dialysis, with a comparison of
outcomes after deployment of DES and BMS. In general,



Figure 2. Revascularization vs medical therapy (MT): (A) short-term mortality; (B) long-term mortality. CABG, coronary artery bypass surgery; CI,
confidence interval; PCI, percutaneous coronary intervention. Reproduced from Volodarskiy et al.25 with permission from Elsevier.
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observational studies have yielded mixed results, some
reporting a lower mortality with DES,35,36 and others
not.37,38 In a recent meta-analysis that examined all of these
observational data, it was suggested that DES might reduce
mortality, risk of MI, and target vessel revascularization in
patients with advanced CKD not receiving dialysis, and in
those receiving dialysis.39 Nevertheless, in the absence of
randomized data, the superiority of DES over BMS in patients
with advanced CKD cannot be ascertained.
Coronary plaques in patients with ESRD usually have
increased media thickness and marked calcification compared
with nonuremic patients.11 Plaque complexity also increases
progressively with decreasing kidney function with a lower
eGFR being a strong predictor of a higher Synergy Between
Percutaneous Coronary Intervention With Taxus and Cardiac
Surgery (SYNTAX) score.12 Therefore, PCI is technically
more challenging in these patients, and CKD has been shown
to be independently associated with decreased procedural



Figure 3. KaplaneMeier survival curves as a function of renal
function. (Normal renal function (creatinine clearance [CrCl]
90 mL/min), mild chronic kidney disease (CKD) (CrCl 60-89 mL/min),
moderate CKD (CrCl 30-59 mL/min), or severe CKD (CrCl
< 30 mL/min). Modified from Appleby et al.28 with permission from
Wolters Kluwer Health, Inc.
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success.13,40,41 Contributing to their poor prognosis is also the
fact that patients with CKD are also less likely than those with
normal kidney function to undergo PCI or to receive
evidence-based care.23,42-44 Several reasons account for this,
including a perceived paucity of evidence in this population, a
perception of a higher risk-benefit ratio, and a risk-adverse
attitude of physicians.44

In recognition of this, it has been recommended in the
2018 European Society of Cardiology guidelines that patients
with CKD who develop non-ST-elevation ACS should be
treated in the same manner as patients with normal kidney
function.45 The recommendation is made recognizing that
CKD patients are often under-represented in clinical trials.
The 2014 American Heart Association and American College
of Cardiology non-ST-elevation ACS management guidelines
state that it is reasonable to adopt an invasive strategy in pa-
tients with stage 2 and stage 3 CKD, whereas there are
insufficient data regarding the benefit-risk profile of an inva-
sive strategy in patients with advanced CKD (stages 4 and 5)
who present with NSTEMI.33 The Canadian perspective on
invasive management of ACS/NSTEMI does not mention
specific stages of kidney failure at which revascularization
should be performed, instead advocating assessment of bene-
fits and risks in individual patients.46

Completeness of revascularization in ACS is a subject of
ongoing debate. It is of particular relevance to patients with
CKD because complete revascularization might result in a
greater likelihood of acute kidney injury and thus possibly
worse outcome. Meta-analyses of smaller studies that evalu-
ated stenting strategies in patients with STEMI have suggested
better outcome with complete revascularization.47 There are,
however, no data in the CKD population. A large Canadian-
led international trial of staged complete vs culprit-only
revascularization in patients with STEMI is currently in the
follow-up phase and will be reporting soon. Data specifically
in STEMI complicated by cardiogenic shock might provide
important clues. The Culprit Lesion Only PCI vs Multivessel
PCI in Cardiogenic Shock (CULPRIT-SHOCK) showed that
culprit lesion only vs multivessel PCI resulted in a lower risk
of death or severe renal failure leading to renal replacement
therapy at 30 days. Although the trial was not conducted
specifically in patients with CKD, the median eGFR of the
patients enrolled in this trial was just > 60 mL/kg/min. Thus,
the findings of this trial favouring culprit PCI could be applied
to CKD patients with acute myocardial infarction and
cardiogenic shock.48

PCI appears to be a reasonable coronary revascularization
option in patients with CAD and reduced kidney function,
particularly in those with a mild to moderate degree of CKD
either in the setting of ACS or stable CAD.
Contrast-Induced Acute Kidney Injury
Contrast-induced acute kidney injury (CI-AKI) is a

complication of radiological procedures, including PCI, in
which contrast media are used. After contrast exposure, serum
creatinine levels tend to peak between 2 and 5 days, usually
returning to normal within 14 days.49 CI-AKI is defined as
kidney function deterioration, measured as either a 25% rise
in serum creatinine level from baseline or alternatively a 0.5
mg/dL (44 mmol/L) increase in absolute serum creatinine
level, within 48-72 hours after intravenous and/or intra-
arterial contrast administration.50 A combination of oxida-
tive stress, vasoconstriction, ischemia of the outer medulla,
and osmotic tubular nephrosis are the leading mechanisms
considered to cause CI-AKI.51 For kidney failure to be
considered secondary to contrast administration, it should
usually occur within 2-3 days and up to 7 days after the
procedure. Other identifiable causes of kidney failure should
also be excluded.

The contribution of contrast media to the development of
kidney failure in patients who undergo PCI is on the rise,
especially because of the increasing number of patients with
more complex coronary anatomy who undergo PCI, and
require more contrast.52 However, the temporal trend of
kidney failure post coronary angiography in patients admitted
with MI is declining.53 It could be speculated that acute
kidney injury prevention strategies might play a role in this.53

CI-AKI has a direct consequence on patient outcome, with
persistent postprocedural kidney dysfunction having been
shown to be associated with up to a threefold increase in
mortality.54 Whether or not transient CI-AKI is also associ-
ated with increased long-term mortality remains
unresolved.54,55

The risk of CI-AKI depends on several patient-related
factors, such as pre-existence of CKD, diabetes mellitus,
congestive heart failure, advanced age, female sex, hemody-
namic instability, reduced plasma volume, periprocedural
bleeding, anemia, and type and volume of contrast
administered.56-62 A well validated CI-AKI risk score on the
basis of 8 variables (patient related: age > 75 years, chronic
congestive heart failure or admission with acute pulmonary
edema, diabetes mellitus, hypotension, anemia, CKD; and
procedure-related: increasing volumes of contrast media or the
use of elective intra-aortic balloon pump) can be calculated to
determine an individual patient’s risk of developing the
complication. An increasing score confers an exponentially
increased CI-AKI risk (Fig. 4).56 A limitation of this risk score



Figure 4. Scheme to define contrast-induced nephropathy (CIN) risk score. Anemia was determined as baseline hematocrit value < 39% for men
and < 36% for women. Congestive heart failure (CHF) was determined according to New York Heart Association classification III/IV and/or history of
pulmonary edema. Hypotension was determined according to systolic blood pressure < 80 mm Hg for at least 1 hour requiring inotropic support
with medications or intra-aortic balloon pump (IABP) within 24 hours periprocedurally. Other risk scores are also available, independent of contrast
volume and externally validated.63-65 eGFR, estimated glomerular filtration rate. Modified from Mehran et al.56 with permission from Elsevier.
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for preprocedural risk assessment is that it includes the
contrast volume, which can only be estimated before the
procedure. More recently, risk scores for CI-AKI prediction,
independent of contrast volume have been developed and
externally validated.63-65

The mainstays of CI-AKI prevention are adequate
hydration66-70 and minimization of contrast volume. The
hydration protocol with the best evidence derives from the
Prevention of Contrast Renal Injury With Different Hydra-
tion Strategies (POSEIDON) trial.71 In this study, CKD
patients were to undergo PCI were enrolled and randomized
to either routine hydration with normal saline at 1.5 mL/kg/h
or left ventricular end diastolic pressure (LVEDP)-guided
hydration (5 mL/kg/h for LVEDP < 13 mm Hg, 3 mL/kg/h
for LVEDP 13-18 mm Hg, and > 1.5 mL/kg/h for LVEDP
> 18 mm Hg). Either of the two was preceded by normal
Table 1. Hydration protocol from the POSEIDON trial71

Preprocedure LVEDP-guided hydration
3 mL/kg/h

During procedure LVEDP mm Hg Rate mL/kg/h
< 13 5
13-18 3
> 18 1

Postprocedure Continue intraprocedural rate for 4 hours

LVEDP, left ventricular end diastolic pressure; POSEIDON, Prevention
of Contrast Renal Injury With Different Hydration Strategies.
saline at 3 mL/kg 1 hour before the procedure. The ran-
domized hydration regimen was continued for 4 hours
(Table 1). In the LVEDP-based hydration strategy group, a
25% or 44 mmol/L increase in serum creatinine was observed
in 6.7% and in 16.3% of the standard hydration group
(P ¼ 0.005). The relative risk for LVEDP-based hydration
compared with standard hydration was 0.41 (95% confidence
interval, 0.22-0.79). However, the need for dialysis at 6
months was similar in the 2 groups (0.5% vs 2.0%; P ¼ not
significant), although the trial was underpowered to detect a
difference in this outcome.71

Although indicated for secondary prevention irrespective of
the risk of CI-AKI, high-dose statins are also beneficial.72

Their protective effects are likely multifactorial, and include
reduction of the reabsorption of contrast agents in kidney
tubules and modulation of kidney hypoperfusion by down-
regulation of angiotensin receptors.73 The best evidence
available is for atorvastatin and rosuvastatin, with 62% and
57%, respectively, reduction in the incidence of CI-AKI in a
meta-analysis of randomized clinical trials.74 N-acetylcysteine
and sodium bicarbonate, previously recommended for CI-AKI
reduction, have not been shown to reduce its risk.70,72

Strategies to minimize procedural contrast volume might
include intravascular ultrasound (IVUS), because of its ability
to precisely measure lumen, plaque, and vessel dimensions, at
least in many steps during the PCI procedure.75 In a retro-
spective study from Columbia University 31 patients with
eGFR 16 � 8 mL/min/1.73 m2 underwent PCI with no
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contrast use, with IVUS guidance only, and with fractional
flow reserve and coronary flow reserve guidance to confirm
physiological improvement. All patients had a successful PCI
with no major adverse cardiovascular events, and all had
preservation of kidney function.76 Importantly though,
complications such as coronary perforation cannot be clearly
diagnosed with IVUS. It is unclear how this technique would
perform in complex procedures that are the mainstay of many
labs, in particular in patients with CKD.

It is more likely that intravascular imaging can be used to
substantively reduce contrast volume rather than not using
contrast all. TheMinimizing Contrast Utilization With IVUS
Guidance in Coronary Angioplasty (MOZART) study, which
evaluated the role of IVUS in patients at risk of developing
CI-AKI but without severe CKD, 83 patients were random-
ized to IVUS-guided or angiography-guided PCI. The pri-
mary end point was the total volume of contrast agent used
during PCI. The approach was shown to be effective, safe, and
with no excessive use of additional stents or increase in the
incidence of clinical adverse events. The median total volume
of contrast was 64.5 mL in the angiography-guided group vs
20.0 in the IVUS-guided group (P < 0.001). In-hospital and
4-month outcomes were similar in the 2 groups.77

Another strategy to reduce contrast volume during PCI is
the use of rapid-exchange ‘‘mother and child’’ guide extension
that permit deep and subselective intubation of the target
vessel, providing back-up support in addition to that provided
by the guiding catheter. Additionally, because the design of
the device is on the basis of a monorail-based rapid-exchange
platform, contrast injections through the guiding catheter
enter the proximal portion of the extension catheter and exit it
distally (selectively in the target vessel). Because there is little
loss of contrast into more proximal side branches, the volume
of dye necessary for target vessel opacification is typically
lower than if contrast were injected through the guiding
catheter alone.78

A similar technique has been shown in a series 150 patients
by Mamas et al. using a 5F Terumo guide catheter (Heartrail
II, Terumo Corp, Tokyo, Japan) into a standard 6-French
(Fr) guide catheter with the tip protruding beyond the 6-Fr
guide. The Heartrail II is an extra-length soft-tipped 5-Fr
catheter able to fit in a standard 6-Fr catheter. It can extend
up to 16 cm distal to the tip, allowing contrast to be injected
selectively into the target coronary segment.79

The use of automated contrast injection systems can
reduce the volume of procedural contrast. A recent meta-
analysis showed a reduced contrast volume delivery by 45
mL per case compared with manual injection (P < 0.001)
with CI-AKI incidence significantly reduced by 15%.80

Optical coherence tomography guidance during PCI using
dextran, as a strategy to reduce the risk of CI-AKI occurrence
in patients with CKD has been proposed.81 Further studies
will be needed in light of the potential occasional reported
nephrotoxicity of dextran.82,83

Finally, the use of hemodynamic support with the Impella
(Abiomed, Danvers, MA) device has been proposed as a way
to reduce the risk of CI-AKI in patients who undergo high-
risk PCI.84 Theoretically, the continuous blood flow during
a PCI supported by Impella (Abiomed), significantly decreases
renal hypoperfusion and avoids contrast stagnation in the
renal tubules.84 However, the evidence is only on the basis of
retrospective data, which might not be free of confounding
factors.

The occurrence of CI-AKI is a detrimental prognostic
factor to consider when planning PCI revascularization of
patients with CAD, particularly those with pre-existent CKD.
Protocols to minimize the risk, although complex, are well
defined, and should be followed. In particular, strategies to
minimize this risk include appropriateness of the revasculari-
zation option such as consideration of an alternative man-
agement option (medical or CABG), using a peri- and
postprocedural hydration regimen, minimizing contrast vol-
ume, including use of noncontrast-based imaging technology
(IVUS), and staging in multivessel PCI.
CABG in Patients With CKD
Studies on patients with moderate CKD and not receiving

hemodialysis who undergo CABG have consistently shown
serum creatinine and eGFR as a predictor of postoperative
adverse outcome, predominantly acute kidney failure, but also
death and stroke.85-88 Nevertheless, it is important to consider
that these studies are not uniform because of arbitrary defi-
nitions of moderate and severe kidney dysfunction and of
varying threshold creatinine concentrations, rather than the
more discriminating calculated eGFR. In a study of more than
400,000 CKD patients not receiving hemodialysis who
received isolated CABG from 2000 to 2003 using data from
the Society of Thoracic Surgeons National Adult Cardiac
Database (United States), Cooper et al. showed perioperative
mortality to be inversely associated with declining kidney
function, ranging from 9.3% in patients with severe CKD to
1.3% in those with normal kidney function.87 In patients
with an eGFR < 30 mL/min/1.73 m2 the use of internal
mammary artery grafts was significantly protective against
operative death compared with the use of venous grafts.87

Patients receiving dialysis who undergo CABG are partic-
ularly at risk of peri- and postoperative morbidity and mor-
tality.89 The perioperative risks involved in cardiac surgery are
higher in patients with ESRD who receive hemodialysis than
in the general cardiac patient population or in CKD patients
not receiving hemodialysis.87 According to the American
College of Cardiology and American Heart Association
guidelines, CABG can be performed in select dialysis patients,
with an increased but acceptable risk of perioperative
morbidity and mortality.90 Use of the mammary artery from
the same side as the arteriovenous fistula, is associated with an
increased risk of coronary steal during dialysis causing
angina.91 Use of the contralateral mammary artery for use as
the critical conduit to the left anterior descending coronary
artery might be thus preferable.91
Off-Pump vs On-Pump CABG Surgery in Patients
With CKD

In patients with CKD not receiving hemodialysis who
undergo CABG, the risk of postoperative kidney failure
requiring dialysis varies from 1% to 5%.92 Off-pump CABG
might offer theoretical advantages compared with on-pump.
These include less dynamic perioperative fluid shifts, fewer
bleeding complications, and shorter periods of postoperative
mechanical ventilation.93 Studies that have compared



Figure 5. KaplaneMeier survival analysis in propensity-matched pa-
tients with chronic kidney disease who underwent percutaneous cor-
onary intervention (PCI) vs coronary artery bypass graft surgery
(CABG). From Chan et al.97 with permission from Wolters Kluwer
Health, Inc.

1008 Canadian Journal of Cardiology
Volume 35 2019
off-pump with on-pump CABG have reported contradictory
results with respect to short- and long-term outcomes.94 A
propensity-matched study failed to show a difference in risk of
end stage kidney failure requiring dialysis, stroke, and mor-
tality of off-pump vs on-pump CABG.95 The only random-
ized study was a small study of 116 patients that showed a
higher risk of developing ESRD requiring hemodialysis in
patients who undergo on-pump CABG.96 Finally, a recent
meta-analysis of nearly all retrospective studies suggested no
difference in the risk of mortality and MI with the 2 ap-
proaches but a reduced risk of stroke and hospital stay with
the off-pump technique.94 Overall, there is no strong evidence
favouring either approach. However, off-pump might be
beneficial if in-house surgical skills allow and coronary anat-
omy permits reliable placement of distal anastomoses to
provide complete revascularization. Therefore, whenever
possible off-pump CABG might be a reasonable option in
patients with CKD who require coronary revascularization.

CABG, either on- or off-pump can be performed in pa-
tients with CAD and CKD with the risk of short- and long-
term adverse outcomes being associated with the degree of
kidney dysfunction. This includes selected hemodialysis-
dependent patients who are considered to have an accept-
able perioperative risk of morbidity and mortality.
CABG vs PCI in Patients With CKD
There is a paucity of data from randomized trials on the

effectiveness of revascularization with PCI compared with
CABG of patients with CAD and kidney failure. An Alberta
Provincial Project for Outcome Assessment in Coronary
Heart Disease (APPROACH) registry report from the balloon
angioplasty and bare-metal stent era that included 1412
patients with CKD, showed that among patients with CKD
who were not dialysis-dependent, CABG but not PCI was
associated with improved survival compared with medical
therapy.17 Similarly, in a propensity-matched cohort of 1786
CKD patients with multivessel CAD in Ontario who
underwent a first revascularization procedure, CABG was
shown to be associated with a lower risk of events, including
all-cause death out to 3 years (Fig. 5) compared with PCI.97

Although this study was propensity score-adjusted, the pres-
ence of unmeasured confounders cannot be excluded.

In contrast, a propensity score-adjusted study of 5920
subjects with CKD and multivessel CAD who underwent
either PCI with everolimus-eluting stents or CABG con-
ducted in New York State, showed PCI to be associated with a
lower short-term risk of death, stroke, and repeat revascular-
ization, a similar long-term risk of death, an increased risk of
MI (mainly in those with incomplete revascularization), a
higher risk of repeat revascularization, and a lower risk of
stroke compared with CABG.98 Similar results were reported
in a study of 1069 patients with CKD who underwent
revascularization for multivessel CAD conducted in China, in
which CABG compared with PCI with DES, was associated
with a similar incidence of death, MI, or cerebrovascular
events, but with a decreased risk of repeat revascularization in
the 3-vessel cohort.99

Randomized data are also lacking for revascularization in
CKD patients who are hemodialysis-dependent. A large
registry of 21,981 patients receiving maintenance dialysis who
received CABG or PCI between 1997 and 2009 in the United
States Renal Data System, showed consistently poor survival,
with unadjusted 5-year survival rates of 22%-25%, regardless
of the revascularization strategy.100 In adjusted analyses,
CABG was reported to be associated with a significantly lower
risk of death, as well as the composite of death or MI
compared with PCI.100

Subgroup analyses of patients with CKD from 2 of the
main randomized trials (Evaluation of XIENCE vs Coronary
Artery Bypass Surgery for Effectiveness of Left Main Revas-
cularization [EXCEL] and SYNTAX), which compared PCI
vs CABG for left main and multivessel CAD, have recently
been published.101,102 In the SYNTAX trial, the subgroup of
patients with CKD (309 patients) who underwent PCI had an
increased risk of major adverse events and repeat revasculari-
zation at 5 years. The diabetic population of this subgroup
analysis had higher mortality with PCI.101 In the EXCEL
CKD subgroup of 361 patients, acute kidney failure occurred
less frequently post PCI than post CABG whereas no signif-
icant differences between PCI and CABG were observed in
the rates of death, stroke, or MI at 3 years.102

Predictive tools for identifying CKD patients who are more
likely to derive benefit from one particular revascularization
strategy have been proposed, but not yet systematically vali-
dated externally.103 Thus, in the absence of randomized data,
these results indicate that CABG might be more beneficial
over PCI in appropriately selected patients with CKD and
multivessel CAD. Whether or not this happens in the real
world is unclear. The perception is that patients with multi-
vessel CAD and severe CKD are often turned down for
surgical revascularization because of a high comorbidity
burden associated with CKD, and hence undergo the less
invasive PCI strategy. This could have contributed to the
more favourable results observed with CABG vs PCI in CKD
patients, in published observational studies.

CABG is associated with higher in-hospital mortality than
PCI, but better long-term cardiovascular outcomes. Never-
theless, evidence for this is derived from nonrandomized and
observational studies, in which selection bias might have
played a significant role. When considering a revascularization
approach in CKD patients, therapeutic options must be
weighed, and take into account the severity of both conditions



Figure 6. Algorithm for coronary revascularization in chronic kidney disease (CKD). ACS, acute coronary syndrome; CABG, coronary artery bypass
grafting; CAD, coronary artery disease; IVUS, intravascular ultrasound; LV, left ventricular; LVEDP, left ventricular end-diastolic pressure; PCI,
percutaneous coronary intervention. Data from Neumann et al.45 and Fihn et al.119
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(CAD and CKD), and should be individualized and guided by
symptoms as well as long-term prognosis.
Platelet Inhibition in CKD Patients Who
Undergo PCI

In patients with CKD who undergo PCI, it is important to
take into account the role of the efficacy and safety of the
antiplatelet therapy that might be affected by reduced kidney
clearance. As are all patients who undergo PCI, CKD patients
are treated with peri- and postprocedural dual antiplatelet
therapy. Aspirin is used universally, along with 1 of 3
currently available P2Y12 inhibitors, the choice of which
might be affected by kidney function.

Clopidogrel, the most commonly utilized P2Y12 inhibitor,
is a second-generation thienopyridine that inhibits adenosine
diphosphate-related platelet activation. No dose adjustment is
required in CKD patients who receive it.104 Prasugrel is a
third-generation oral thienopyridine P2Y12 receptor antago-
nist that reaches peak effect more rapidly than clopidogrel.105

Although in ESRD its active metabolite levels are reduced by
40%, the degree of platelet inhibition is similar to that in
patients with normal kidney function, therefore no dose
adjustment is required.105 Like prasugrel, ticagrelor, a
reversible P2Y12 receptor antagonist, produces a greater an-
tiplatelet effect than clopiodgrel.106 In the CKD subgroup
analysis of the Platelet Inhibition and Patient Outcomes
(PLATO) trial, in which ticagrelor was compared with clo-
pidogrel in patients who presented with ACS, in those with an
eGFR < 60 mL/min, the primary cardiovascular end point
was significantly reduced by ticagrelor compared with clopi-
dogrel (17.3% vs 22.0%; hazard ratio, 0.77; 95% confidence
interval, 0.65-0.90).107 Because this finding was from a sub-
group analysis and therefore underpowered, adequately pow-
ered randomized studies are needed. In the setting of
hemodialysis, in addition to aspirin, clopidogrel is currently
the most widely used antiplatelet agent although no infor-
mation derived from clinical trials are available for this patient
group for any of the P2Y12 inhibitors. In routine clinical
practice, because of the large experience acquired, the aware-
ness of safety is higher for clopidogrel than for the newer
antiplatelet agents.108

Peri- and postprocedural dual antiplatelet therapy is the
mainstay of PCI. Along with the universal use of aspirin, 3
different P2Y12 inhibitors are used (clopidogrel, prasugrel,
and ticagrelor). No adequately powered randomized data in
the CKD population are available to recommend one over
the other. Awareness of safety is higher with clopidogrel
because of its longer use, although subgroup analyses suggest
that ticagrelor might be more efficacious and provide similar
safety.
Revascularization in Kidney Transplantation
Candidates and Transplant Recipients

Cardiac disease is the leading cause of death after kidney
transplantation, with cardiovascular events ranging from 35%
to 50% of all deaths after transplantation. Ischemic heart
disease is responsible for approximately 50% of kidney
transplantation perioperative deaths.109
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All CKD patients are at increased risk for cardiac disease
because of their exposure to numerous risk factors including
uremia itself.110 Thus, all patients being considered for
transplantation should be screened for the presence of CAD
and cardiac dysfunction.111 Asymptomatic patients with dia-
betes or multiple CAD risk factors should undergo noninva-
sive testing. Coronary angiography is recommended, if the
stress test is abnormal. Transplantation candidates with
angina, or those with diabetes with noninvasive evidence of
ischemia, should undergo coronary angiography directly.112

There is no consensus regarding the optimal noninvasive
test modality. This should be determined according to the
expertise at the individual centre. In kidney transplantation
candidates with an initial normal stress echocardiogram, the
cardiac event rate doubles within 2 years while on the trans-
plant waiting list.112 Therefore, as waiting times remain
prolonged, it is recommended that noninvasive testing be
repeated every year.111

Little evidence is available regarding the benefits of revas-
cularization of significant CAD in kidney transplant candi-
dates. In a small, randomized controlled trial of 26 diabetic
candidates for kidney transplantation with asymptomatic
CAD, the outcome for those who were revascularized was
superior to that of patients managed medically, with only 2 of
13 randomized to revascularization, reaching a cardiovascular
end point (ACS and cardiac death) in 8.4 months of follow-up
compared with 10 of 13 of the patients randomized to
medical management.113 However, this study was obviously
limited by the small sample size. The American Society of
Transplantation guidelines recommend revascularization
before kidney transplantation in asymptomatic ESRD patients
with critical lesions only.109 Guidelines do not specify the
amount of ischemic myocardium that would be appropriate to
revascularize in this setting. Common practice is to revascu-
larize major vessels as well as side branches large enough to
accommodate the minimum stent size available (� 2.0 mm in
diameter).114

In patients who have already received a kidney transplant,
cardiovascular disease remains a leading cause of death, almost
equaling deaths resulting from malignancies and infections
combined.115 This is attributed not only to traditional risk
factors, but also to nontraditional risk factors such as adverse
effects of immunosuppression therapy, allograft dysfunction,
and systemic inflammation.116

Scant data are available regarding the preferred modality of
coronary revascularization in kidney transplantation patients.
In a 2013 United States Renal Data System (USRDS) study
that evaluated 2272 kidney transplant recipients who received
either PCI or CABG during the years 1997-2009 for multi-
vessel CAD, no significant differences in death, or the com-
posite of death or MI were observed between the 2
revascularization modalities with 5-year survival of 55% in
both groups,115 a rate that remains low compared with a 90%
5-year survival in patients with normal kidney function post
multivessel revascularization.117 However, this compares
favourably with the 22%-25% survival rates at 5 years re-
ported in dialysis-dependent patients with ESRD who
received multivessel revascularization.100

The Canadian Australasian Randomized Trial of Screening
Kidney Transplant Recipients (CARSK) is an ongoing trial
that is investigating selective vs routine screening for CAD.118
Results of CARSK will provide insight into the risk-benefit
balance of routine CAD screening in asymptomatic patients
awaiting kidney transplantation.118

In patients awaiting kidney transplantation, a noninvasive
or invasive screening for coronary atherosclerosis, an approach
depending on the overall CAD risk profile, should be used.
Revascularization is considered a reasonable option in case of
critical disease.
Conclusions
Morbidity from CAD is highly prevalent among patients

with CKD, particularly those who are hemodialysis-
dependent. Therapeutic options that are effective in the
general population are often less so in patients with advanced
CKD. The benefit of revascularization in patients with
advanced kidney failure and CAD is unknown. Observational
studies suggest that revascularization might confer a survival
benefit compared with medical therapy alone. The ongoing
randomized ISCHEMIA-CKD study will further clarify this
issue.26 In terms of the revascularization approach, CABG is
associated with higher in-hospital mortality than PCI, but
better long-term cardiovascular outcomes. However, this
evidence is mainly derived from observational studies in which
selection bias might have played a significant role. The deci-
sion regarding therapeutic options in CKD patients must be
weighed considering the severity of both conditions, and
should be individualized and guided by symptoms as well as
long-term prognosis (Fig. 6). In CKD patients awaiting
kidney transplantation, depending on the overall CAD risk
profile, a noninvasive or invasive CAD screening approach
should be used and revascularization should be performed in
case of critical disease. Adequately powered randomized trials
are needed to determine optimal revascularization strategies in
these high-risk populations.
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