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A B S T R A C T

Background. Previous studies reported that compared with
percutaneous coronary interventions (PCIs), coronary artery
bypass grafting (CABG) is associated with a reduced risk of
mortality and repeat revascularization in patients with mild to
moderate chronic kidney disease (CKD) and end-stage renal
disease (ESRD). Information about outcomes associated with
CABG versus PCI in patients with advanced stages of CKD is
limited. We evaluated the incidence and relative risk of acute
kidney injury (AKI) associated with CABG versus PCI in
patients with advanced CKD.
Methods. We examined 730 US veterans with incident ESRD
who underwent a first CABG or PCI up to 5 years prior to dialy-
sis initiation. The association of CABG versus PCI with AKI was
examined in multivariable adjusted logistic regression analyses.
Results. A total of 466 patients underwent CABG and 264
patients underwent PCI. The mean age was 64 6 8 years, 99%
were male, 20% were African American and 84% were diabetic.
The incidence of AKI in the CABG versus PCI group was 67%
versus 31%, respectively (P< 0.001). The incidence of all stages
of AKI were higher after CABG compared with PCI. CABG was
associated with a 4.5-fold higher crude risk of AKI {odds ratio
[OR] 4.53 [95% confidence interval (CI) 3.28–6.27]; P< 0.001},
which remained significant after multivariable adjustments [OR
3.50 (95% CI 2.03–6.02); P< 0.001].
Conclusion. CABG was associated with a 4.5-fold higher risk of
AKI compared with PCI in patients with advanced CKD.
Despite other benefits of CABG over PCI, the extremely high

risk of AKI associated with CABG should be considered in this
vulnerable population when deciding on the optimal revascu-
larization strategy.

Keywords: acute kidney injury, chronic kidney disease, coro-
nary artery bypass grafting, percutaneous coronary interventions

A D D I T I O N A L C O N T E N T

An author video to accompany this article is available at:
https://academic.oup.com/ndt/pages/author_videos.

I N T R O D U C T I O N

Cardiovascular diseases (CVDs) are a dominant cause of mor-
tality globally, representing 31.5% of all deaths [1, 2]. The rela-
tive risk of all-cause and cardiovascular mortality is 5–30 times
higher in patients with advanced chronic kidney disease (CKD)
compared with the general population [3]. Patients with CVD
and advanced CKD are 5–10 times more likely to die prior to
transition to end-stage renal disease (ESRD) [4]. Surgical or
nonsurgical methods of coronary artery revascularization have
significantly decreased cardiovascular mortality over the last
decades, but there is a lack of consensus on the optimal coro-
nary revascularization strategy for patients with advanced CKD
and acute coronary syndrome (ACS) [5].

Coronary artery bypass grafting (CABG) and percutaneous
coronary interventions (PCIs) are the most often used and
compared methods of coronary artery revascularization [6–8].

Published by Oxford University Press on behalf of ERA-EDTA 2018. This work is written by US Government employees and is in the public domain in the US. 1

O
R

IG
IN

A
L

A
R

T
IC

LE

Nephrol Dial Transplant (2018) 1–8
doi: 10.1093/ndt/gfy178

https://academic.oup.com/ndt/pages/author_videos
Deleted Text: I
Deleted Text: -
Deleted Text: to
Deleted Text: -
Deleted Text: -


Recent American College of Cardiology and American
Association for Thoracic Surgery [6] guidelines recommended
CABG, as opposed to PCI, in left main or equivalent and multi-
vessel coronary artery diseases as an optimal revascularization
strategy, although debates continue regarding the optimal re-
vascularization strategy in vulnerable patients such as those
with CKD [6]. Previous studies reported that compared with
PCI, CABG is associated with a reduced risk of mortality and
repeat revascularization in patients with mild to moderate
CKD, ESRD and diabetics [7–9]. However, most of the studies
have not addressed short-term complications such as acute kid-
ney injury (AKI) in CKD patients.

AKI is a common complication after both CABG and PCI
[10, 11]. AKI is associated with high in-hospital and long-term
mortality and with progression to ESRD [12–15]. The incidence
of AKI has been found to be higher after CABG compared with
PCI in patients with normal kidney function and with mild and
moderate CKD [16, 17]. However, the relative risk of AKI asso-
ciated with CABG versus PCI in patients with advanced CKD
(who may be more susceptible to radiocontrast-associated AKI)
is unclear. Considering this knowledge gap, we examined the
incidence and relative risk of AKI associated with CABG versus
PCI in advanced CKD patients using a large nationally repre-
sentative cohort of US veterans with incident ESRD who under-
went a first CABG or PCI up to 5 years prior to dialysis
initiation. We hypothesized that CABG is associated with a
higher incidence and increased relative risk of AKI compared
with PCI in patients with advanced CKD.

M A T E R I A L S A N D M E T H O D S

Study population

We studied longitudinal data from the Transition of Care in
CKD (TC-CKD) study, a historical cohort study examining US
veterans with incident ESRD transitioning to dialysis from 1
October 2007 through 31 March 2014 [18]. A total of 85 505 US
veterans were identified from the US Renal Data System
(USRDS) [19] as a source population. The algorithm for the co-
hort definition is shown in Figure 1. For the present study, 1056
patients who underwent PCI or CABG up to 5 years prior to
ESRD (defined as the date of first maintenance dialysis service)
were included. Patients receiving both CABG and PCI during
the same hospitalization and patients undergoing concomitant
ventricular reconstruction or pericardial or valve surgery were
excluded. Patients with pre-procedural AKI (defined as a >25%
increase in serum creatinine at the last measurement before the
procedure compared with the one before the last measurement)
and with missing creatinine measurements prior to and after
coronary artery revascularization (CABG or PCI) were excluded
as well. The final study population consisted of 730 patients, of
whom 466 underwent CABG and 264 underwent PCI.

Definition of post-coronary artery revascularization
AKI

Post-coronary artery revascularization AKI was classified
according to Kidney Disease: Improving Global Outcomes
(KDIGO) creatinine-based criteria from the date of CABG or

PCI, identifying AKI as an increase in serum creatinine of
�0.3 mg/dL from baseline within 48 h or �50% within 7 days
[20]. Stage 1 was classified as a creatinine increase of 0.3 mg/dL
over 48 h or a 50–99% increase within 7 days; Stage 2, a 100–
200% increase within 7 days; and Stage 3, a �200% increase.
Baseline serum creatinine was defined as the most recent outpa-
tient or inpatient serum creatinine measurement prior to
CABG or PCI during the last 365 days.

Exposures and covariates

CABG surgery and PCI procedure types were determined
from International Classification of Diseases, 9th Revision,
Clinical Modification (ICD-9-CM) procedure codes and
Current Procedural Terminology (CPT) procedure codes in the
Veterans Affairs (VA) Inpatient or Outpatient Medical SAS
datasets and categorized according to the Clinical
Classifications Software procedural classification system
(Supplementary data, Table S1). Based on CPT and ICD-9 sec-
ondary codes, revascularizations were stratified as single- or
multivessel procedures. Information about baseline age, race,
sex, marital status, per capita income and body mass index
(BMI) were obtained from national VA research data files, as
previously described [21]. Information about comorbidities (di-
abetes, hypertension, ischemic heart disease, myocardial

FIGURE 1: Flow chart of the study population.
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infraction, cerebrovascular disease, congestive heart failure, pe-
ripheral vascular disease, atrial fibrillation, chronic pulmonary
disease, connective tissue disease, paraplegia and hemiplegia,
hyperlipidemia, liver disease, peptic ulcer disease, depression,
dementia, malignancy and anemia) within 6 months prior to
the studied coronary artery revascularization procedure was
extracted from the VA Inpatient and Outpatient Medical SAS
datasets and from the Centers for Medicare & Medicaid
Services (CMS) datasets using diagnostic and procedure codes
[22]. The Charlson Comorbidity Index score was calculated us-
ing the Deyo modification for administrative datasets, without
including kidney disease [23]. Medication use [angiotensin-
converting enzyme inhibitors (ACEIs) angiotensin receptor
blockers (ARBs), beta-blockers, alpha-blockers, statins, calcium
channel blockers (CCBs), thiazide diuretics, loop diuretics, po-
tassium-sparing diuretics, anticoagulants, aspirin, digitalis, anti-
anginals, vasodilators and antidiabetic agents] was determined
from VA pharmacy dispensation records in the 6 months prior
to coronary artery revascularization [24].

Blood hemoglobin and serum albumin levels were obtained
from VA research databases as previously described [21] and
their baseline values were defined as the average of each covari-
ate during the 6-month period preceding CABG or PCI.
Estimated glomerular filtration rate (eGFR) was calculated by
the Chronic Kidney Disease Epidemiology Collaboration equa-
tion [25].

Statistical analysis

Data are summarized as percentages for categorical variables
and as mean 6 standard deviation (SD) or median (interquar-
tile range), as appropriate. Categorical variables were compared
using v2 tests. Continuous variables were compared using
t tests, Mann–Whitney U tests or analysis of variance, as appro-
priate. The odds of AKI overall and staged by severity in
patients undergoing CABG versus PCI were determined using
unadjusted and adjusted logistic and ordinal logistic regression
models, respectively. Models were incrementally adjusted for
the following potential confounders based on the theoretical
considerations and their availability in this study: Model 1: ad-
justed for demographics (age, sex, race/ethnicity, marital status
and income); Model 2: additionally adjusted for comorbidities
(diabetes, malignancy, liver diseases, hypertension, ischemic
heart disease, congestive heart failure, peripheral vascular dis-
ease, cerebrovascular disease, dementia, chronic pulmonary dis-
ease, connective tissue disease, peptic ulcer disease, anemia,
atrial fibrillation, depression, hyperlipidemia) and BMI; Model
3: additionally adjusted for medications (anticoagulants, aspi-
rin, digitalis, beta-blockers, alpha-blockers, CCBs, antianginals,
statins, vasodilators, thiazide diuretics, loop diuretics,
potassium-sparing diuretics, ACEIs/ARBs and antidiabetic
agents), procedure type (single versus multivessel) and Model 4:
additionally adjusted for baseline blood hemoglobin, serum albu-
min, eGFR and systolic and diastolic blood pressure.

In all, 689 (94%) patients had complete data for analysis in
Model 3. In Model 4 an additional 287 cases (39% of cohort)
had missing variables. Therefore we regarded Model 3 as our
main multivariable adjusted model and Model 4 was performed

as a sensitivity analysis using multiple imputations to account
for missingness [18]. All covariates were tested for multicolli-
nearity; the highest variance inflation factor (VIF) was 2.79
(mean VIF¼ 1.39).

The associations of AKI (both overall and staged by severity)
with revascularization type were also examined in subgroups of
patients stratified by age (<65 or �65 years), race (African
American or others), baseline eGFR (<30 or �30 mL/min/1.73
m2), BMI (<25 or �25 kg/m2) and type of intervention (single
or multivessel). Potential interactions were formally tested by
including relevant interaction terms.

P-values are two-sided and reported as significant at <0.05
for all analyses. All analyses were conducted using STATA MP
version 15 (StataCorp, College Station, TX, USA). The study
was approved by the institutional review boards of the
Memphis and Long Beach VA Medical Centers, with exemp-
tion from informed consent.

R E S U L T S

Patients’ baseline characteristics in the overall cohort and strati-
fied by type of coronary artery revascularization are presented
in Table 1. The overall mean 6 SD age at baseline was
64 6 8 years, 99% were male, 20% were African American and
84% were diabetic. Compared with patients who underwent
CABG, those who underwent PCI had a higher prevalence of
hypertension, chronic pulmonary disease, atrial fibrillation,
liver disease and dementia and had a higher Charlson
Comorbidity Index. The baseline eGFR was similar in the PCI
and CABG groups, but patients who underwent CABG had sig-
nificantly lower levels of blood hemoglobin and serum albumin.
BMI and systolic and diastolic blood pressures did not differ be-
tween the PCI and CABG groups. In the PCI and CABG
groups, 85% of patients received single-vessel treatments and
89% of patients received multivessel treatments, respectively
(P< 0.001).

The overall incidence of AKI was higher in the CABG group
compared with the PCI group (67% versus 31%; P< 0.001)
(Table 1). The incidences of Stage 1, 2 and 3 AKI were also
higher in the CABG group compared with the PCI group (55%
versus 27%, 10% versus 3% and 2% versus 0.4%, respectively;
P< 0.001) (Figure 2).

Unadjusted and adjusted odds ratios (ORs) and 95% confi-
dence interval (CIs) of overall AKI associated with CABG
versus PCI are presented in Table 2. CABG was associated with
a 4.5-fold higher crude risk of AKI [OR 4.53 (95% CI 3.28–
6.27)]. Upon further multivariable adjustments, CABG was as-
sociated with 3.5- to 4.3-fold higher risk of AKI in various mod-
els. Results were similar when modeling AKI by stages in
ordinal logistic regression models (Table 2) and after multiple
imputations for Model 4 [OR 3.87 (95% CI 2.19–6.84)].

In subgroup analyses, compared with PCI, patients who
underwent CABG had a higher relative risk of AKI across all
subgroups (Figure 3 and Supplementary data, Figure S1). A sta-
tistically significant interaction was present for eGFR, with
stronger associations between CABG and AKI risk among
patients with eGFR�30 mL/min/1.73 m2 versus eGFR
<30 mL/min/1.73 m2.
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Table 1. Baseline characteristics of patients

All (N¼ 730) PCI (n¼ 264) CABG (n¼ 466) P-value

Demographics
Age (years), mean 6 SD 64 6 8 64 6 9 64 6 8 0.156
Gender (male), n (%) 724 (99) 262 (99) 462 (99) 0.885
Race, n (%) 0.860

White 537 (73) 196 (74) 341 (73)
African American 145 (20) 55 (21) 90 (19)
Others 13 (2) 4 (2) 9 (2)
Unknown 35 (5) 9 (3) 26 (6)

Ethnicity (Hispanic), n (%) 55 (8) 11 (4) 44 (9) 0.009
Marital status, n (%) 0.001

Married 350 (48) 149 (56) 201 (43)
Single 68 (9) 13 (5) 55 (12)
Divorced 244 (34) 76 (29) 168 (36)
Widowed 68 (9) 26 (10) 42 (9)

Income (US$), median (IQR) 20 044 (10 812–34 992) 27 109 (11 910–36 876) 17 702 (10 024–33 228) 0.093
Comorbidities, n (%)

Diabetes 616 (84) 219 (83) 397 (85) 0.423
Hypertension 693 (95) 258 (98) 435 (93) 0.010
Ischemic heart disease 659 (90) 231 (88) 428 (92) 0.057
Myocardial infraction 327 (45) 124 (47) 203 (44) 0.374
Cerebrovascular disease 269 (37) 94 (36) 175 (38) 0.600
Congestive heart failure 370 (51) 145 (55) 225 (48) 0.085
Peripheral vascular disease 331 (45) 120 (45) 211 (45) 0.963
Atrial fibrillation 53 (7) 26 (10) 27 (6) 0.043
Chronic pulmonary disease 321 (44) 133 (50) 188 (40) 0.009
Connective tissue disease 30 (4) 15 (6) 15 (3) 0.107
Paraplegia and hemiplegia 32 (4) 14 (5) 18 (4) 0.361
Hyperlipidemia 619 (85) 228 (86) 391 (84) 0.374
Liver disease 84 (12) 42 (16) 42 (9) 0.005
Peptic ulcer disease 46 (6) 21 (8) 25 (5) 0.166
Depression 226 (31) 88 (33) 138 (30) 0.296
Dementia 6 (1) 6 (2) 0 0.001
Malignancy 120 (16) 51 (19) 69 (15) 0.114
Anemia 252 (35) 96 (36) 156 (33) 0.430
Charlson Comorbidity Index, median (IQR) 4 (3-6) 5 (3-6) 4 (3-6) 0.022

Vital parameters, mean 6 SD
Body mass index (kg/m2) 30 6 6 30 6 6 30 6 5 0.099
Systolic BP (mmHg) 143 6 17 143 6 18 143 6 16 0.850
Diastolic BP (mmHg) 75 6 10 75 6 11 75 6 10 0.891

Laboratory parameters, mean 6 SD
Blood hemoglobin (g/dL) 11.5 6 1.6 11.9 6 1.8 11.3 6 1.4 <0.001
Serum albumin (g/dL) 3.4 6 0.6 3.5 6 0.6 3.3 6 0.5 <0.001
eGFR (mL/min/1.73 m2), median (IQR) 34 (22–53) 33 (22–51) 35 (23–54) 0.541

Medications, n (%)
ACEIs/ARBs 575 (79) 201 (76) 374 (80) 0.191
Beta-blockers 675 (92) 238 (90) 437 (94) 0.075
Alpha-blockers 210 (29) 90 (34) 120 (26) 0.017
CCBs 485 (66) 166 (63) 319 (68) 0.125
Statins 655 (90) 229 (87) 426 (91) 0.046
Thiazide diuretics 221 (30) 77 (29) 144 (31) 0.624
Loop diuretics 481 (66) 176 (67) 305 (65) 0.739
Potassium-sparing diuretics 65 (9) 28 (11) 37 (8) 0.224
Anticoagulants 329 (45) 115 (44) 214 (46) 0.538
Aspirin 606 (83) 205 (78) 401 (86) 0.004
Digitalis 37 (5) 18 (7) 19 (4) 0.052
Antianginals 523 (72) 163 (62) 360 (77) <0.001
Vasodilatators 269 (37) 99 (37) 170 (36) 0.784
Antidiabetics 576 (79) 162 (61) 414 (89) <0.001

Treated vessels, n (%) <0.001
Single vessel 278 (38) 225 (85) 53 (11)
Multivessel 452 (62) 39 (15) 413 (89)

Outcome
AKI (any stage), n (%) 392 (54) 81 (31) 311 (67) <0.001

BP, blood pressure; IQR, interquartile range.
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D I S C U S S I O N

In this large, nationally representative cohort of US veterans
with advanced CKD, we found that CABG was associated with
a higher incidence and 4.5-fold increased relative risk of AKI
compared with PCI. This association remained present after ad-
justment for potential confounders such as demographics,
comorbidities and medications and in selected subgroups strati-
fied by age, race, baseline eGFR, BMI and number of treated
vessels.

Several studies report an AKI incidence ranging from 1% to
17% following PCI [26–28] and up to 36% after CABG [29–31].
There are few clinical trials [9, 32] and prospective studies [33]
examining the incidence of AKI after PCI compared with
CABG populations with multivessel coronary artery disease. In
the Future Revascularization Evaluation in Patients with
Diabetes Mellitus: Optimal Management of Multivessel Disease
(FREDOM) trial, where PCI and CABG (n¼ 953 and 947)
were compared to define the better revascularization strategy in
diabetic patients with multivessel coronary artery disease, the
incidence of AKI was 0.1% versus 0.8% (P¼ 0.02) [9], whereas
in the Acute Catheterization and Urgent Intervention Triage
Strategy (ACUITY) trial the incidence of AKI was 14.2% after
PCI (n¼ 4412) compared with 31.7% after CABG (n¼ 1215)
in patients with multivessel coronary artery disease at high risk
for ACS [32]. However, these studies did not examine CKD
patients. Patients with multiple comorbidities and those with
advanced CKD are often excluded from clinical trials or cardio-
vascular interventional studies because of a higher risk of com-
plications and adverse events, making retrospective studies the
sole source of information. Large retrospective studies compar-
ing AKI following CABG versus PCI reported 1.6-, 2.6- and 2-
fold higher risks of AKI after CABG compared with PCI [16,
17], and a higher incidence of AKI in patients with CKD com-
pared with patients with normal kidney function, with an incre-
mentally higher frequency of AKI in patients with more
advanced stages of CKD [16, 17]. Contrasting these findings,

FIGURE 2: Cumulative incidence of AKI stratified by type of revas-
cularization (CABG versus PCI).

Table 2. Association between the presence of overall AKI and the severity
of AKI with the type of revascularization [CABG versus PCI (reference)]
using logistic and ordinal logistic regression models

Models Overall AKI,
OR (95% CI)

P-value Severity of AKI,
OR (95% CI)

P-value

Unadjusted
(n¼ 730)

4.53 (3.28–6.27) <0.001 4.46 (3.24–6.14) <0.001

Model 1
(n¼ 695)

4.27 (3.04–5.99) <0.001 4.08 (2.93–5.69) <0.001

Model 2
(n¼ 689)

4.08 (2.86–5.83) <0.001 3.94 (2.79–5.58) <0.001

Model 3
(n¼ 689)

3.50 (2.03–6.02) <0.001 3.10 (1.85–5.17) <0.001

Models are as follows: Unadjusted model: only exposure variable included. Model 1
adjusted for age, sex, race/ethnicity, marital status and income. Model 2 additionally
adjusted for comorbidities (diabetes, malignancy, liver diseases, hypertension, ischemic
heart disease, congestive heart failure, peripheral vascular disease, cerebrovascular
disease, dementia, chronic pulmonary disease, connective tissue disease, peptic ulcer
disease, anemia, atrial fibrillation, depression, hyperlipidemia) and BMI. Model 3
additionally adjusted for medications (anticoagulants, aspirin, digitalis, beta-blockers,
alpha-blockers, CCBs, antianginals, statins, vasodilatators, thiazide diuretics, loop diuretics,
potassium-sparing diuretics, ACEIs/ARBs and antidiabetics) and vessels.

FIGURE 3: Association between the presence of AKI and type of revascularization [CABG versus PCI (reference)] using unadjusted and ad-
justed logistic regression models in selected subgroups.
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another VA-based study [14] described a relatively higher inci-
dence of AKI after cardiac surgery in patients with baseline
eGFR >45 mL/min/1.73 m2 compared with baseline eGFR
<45 mL/min/1.73 m2. One potential explanation for this obser-
vation is that patients with a lower eGFR may receive height-
ened scrutiny and may receive targeted interventions and
optimized medical management to mitigate the risk of AKI.
Similar mechanisms may explain the finding in our study that
the risk of AKI associated with CABG versus PCI was relatively
higher in patients with higher baseline eGFR and single-vessel
disease.

The main results of our study are comparable with the
results of other large cohort studies [16, 17] in terms of the
higher risk of AKI after CABG compared with PCI. However,
we examined patients with moderate and advanced CKD,
whereas the previous cohort studies included variable propor-
tions of patients with mild to moderate CKD. Furthermore, we
used changes in serum creatinine to define AKI as opposed to
ICD-9-based definitions in previous large cohorts.

Most of the studies comparing outcomes of CABG versus
PCI in CKD and ESRD have examined patients with multives-
sel coronary artery diseases, demonstrating a reduced risk of
long-term mortality and repeat revascularizations with CABG
[7–9, 34]. There is a lack of knowledge regarding the ideal inter-
vention strategy in patients with advanced CKD who have sin-
gle-vessel coronary artery disease. In the general population
with single-vessel coronary artery disease, PCI is considered the
optimal revascularization strategy [6], but the risk:benefit ratio
may be altered in patients with advanced CKD, who have in-
creased risk of bleeding, fluid overload, AKI, infections and
other complications [35]. Various risk scores can aid in
decision making about the optimal revascularization strategy in
an individual patient [36–38], but these scores have not been
validated for patients with advanced CKD. In our study, CABG
was associated with a higher risk of AKI compared with PCI in
all subgroups.

Recent guidelines recommend using CABG as opposed to
PCI in patients with severe coronary disease or other poor prog-
nostic indicators (e.g. diabetes mellitus, reduced ejection frac-
tion or mechanical complications) [6, 39]. However, certain
comorbid conditions may represent relative contraindications
for CABG and may lead to choosing PCI as the preferred inter-
vention. In our cohort, patients who underwent PCI (compared
with CABG) had a significantly higher prevalence of hyperten-
sion, chronic pulmonary disease, atrial fibrillation, liver disease
and dementia and had a higher Charlson Comorbidity Index,
emphasizing that these patients with advanced CKD were sicker
than patients who underwent CABG. Despite this, patients who
underwent CABG had a higher incidence and relative risk of
AKI compared with patients who underwent PCI.

Several potential explanations have been suggested for the
underlying mechanisms of AKI after coronary artery revascu-
larization. Cardiac surgery is one of the most important risk fac-
tors for postoperative AKI (up to 30% incidence) compared
with other types of surgery [40, 41]. There are several preopera-
tive, intraoperative and postoperative factors increasing the risk
of AKI after cardiac surgery, including hemodynamic

instability, fluid overload, the length of cardiopulmonary by-
pass, rewarming after mild hypothermia, hemoglobinemia and
lipid peroxidation [42–45]. In patients with PCI, radiocontrast
(including the type of contrast and the administered volume)
and cholesterol embolism are the most important risk factors
[46]. All of these risk factors may be exacerbated in patients
with more advanced CKD; the fact that in our study the risk of
AKI associated with CABG versus PCI was mitigated (albeit still
significantly higher) in the subgroup with CKD Stage 4 and
above suggests that the risks associated with PCI are magnified
to a larger extent by advancing CKD, which could be considered
when making individualized decisions.

Potential strategies to mitigate the risk of AKI following cor-
onary revascularization include operative interventions that
minimize the duration of surgery, hypotensive episodes and
aortic cross-clamp time for CABG, lower radiocontrast volume
and a transradial cannulation approach for PCI [47]. Off-pump
CABG has been suggested as a potential strategy to improve
postoperative outcomes in CABG, but the effects of it on out-
comes in patients with advanced CKD are controversial [48–
51]. The decision about the optimal revascularization strategy
in patients with advanced CKD should consider both long-term
and short-term complications. While there is compelling evi-
dence that CABG is associated with a higher risk of AKI com-
pared with PCI (including the results of our present study),
previous studies have suggested that CABG results in better
long-term outcomes, such as lower risk of mortality and repeat
revascularizations [7–9, 34], although information about this in
patients with advanced CKD is also scarce. Decisions about the
optimal revascularization strategy need to balance short-term
and long-term risks and benefits of CABG versus PCI; short of
randomized controlled trials informing about the best strategy
in patients with advanced CKD, such decisions need to be indi-
vidualized using data from available observational studies and
extrapolations from randomized controlled trials performed in
patients with normal kidney function.

The strengths of this study include its large size, its nation-
ally representative nature, the examination of patients with ad-
vanced CKD and the rigorous assessment of AKI using detailed
laboratory data. Our study also has limitations that deserve to
be mentioned. First, because this was a retrospective observa-
tional study, we were unable to collect information on the sever-
ity and complexity of coronary artery lesions and acute or
elective indications, which were used to decide the type of revas-
cularization. Second, most of our patients were male US veter-
ans, hence the results may not be generalizable to women or
other patient populations, in particular those outside the USA.
Third, due to the observational nature of our study, adjusted
analyses were limited to preprocedural (preoperative) con-
founders measured and available in our cohort, and therefore
our study may be limited by potential residual confounding
from unmeasured confounders such as contrast type and vol-
ume, baseline left ventricle ejection fraction and proteinuria, as
well as intraoperative and postoperative risk factors such as on-
pump or off-pump open heart surgery, type and dosage of
inotropic support, management of fluid-volume balance and
complications. Differences in outcomes may be affected by
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indication bias, as the decision to perform CABG versus PCI
may have been affected by risk factors of AKI in individual
patients; while we adjusted for many such risk factors (e.g. base-
line eGFR and comorbid conditions), there may have been
unmeasured ones that could have affected the outcome of our
study. Finally, our data were derived from a cohort of incident
ESRD patients, hence we could not include information from
patients with advanced CKD who died before dialysis start.

In conclusion, CABG was associated with a 4.5-fold higher
risk of AKI compared with PCI in patients with advanced CKD,
which remained present after adjustment for potential con-
founders. Despite other benefits of CABG over PCI, the ex-
tremely high risk of AKI associated with CABG should be
considered in this vulnerable population when deciding on the
optimal revascularization strategy.
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