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Abstract

Background—Randomized clinical trials comparing coronary artery bypass grafting (CABG)
with percutaneous coronary intervention (PCI) have largely excluded patients with chronic kidney
disease (CKD), leading to uncertainty about the optimal coronary revascularization strategy. We
sought to test the hypothesis that an initial strategy of CABG would be associated with lower risks
of long-term mortality and cardiovascular morbidity compared with PCI for the treatment of
multivessel coronary heart disease in the setting of CKD.

Methods—We created a propensity score—matched cohort of patients aged =30 years with no
prior dialysis or renal transplant who received multivessel coronary revascularization between
1996 and 2008 within a large integrated health care delivery system in northern California. We
used extended Cox regression to examine death from any cause, acute coronary syndrome, and
repeat revascularization.

Results—Coronary artery bypass grafting was associated with a significantly lower adjusted rate
of death than PCI across all strata of estimated glomerular filtration rate (eGFR) (in mL/min per
1.73 m?): the adjusted hazard ratio (HR) was 0.81, 95% CI 0.68 to 1.00 for patients with eGFR
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260; HR 0.73 (CI 0.56-0.95) for eGFR of 45 to 59; and HR 0.87 (CI 0.67-1.14) for eGFR <45.
Coronary artery bypass grafting was also associated with significantly lower rates of acute
coronary syndrome and repeat revascularization at all levels of eGFR compared with PCI.

Conclusions—Among adults with and without CKD, multivessel CABG was associated with
lower risks of death and coronary events compared with multivessel PCI.

Methods

Cardiovascular disease is the leading cause of death among patients with chronic kidney
disease (CKD).12 Up to two-thirds of patients with CKD have coronary heart disease
(CHD),! which usually involves multiple coronary arteries.® Given the high burden of CHD
in patients with CKD and associated poor prognosis,*® it is important to determine the
optimal method of coronary revascularization for this high-risk patient population.

There are large knowledge gaps regarding the optimal coronary revascularization strategy in
patients with CKD. Randomized trials of coronary artery bypass grafting (CABG) versus
percutaneous coronary intervention (PCI) have largely excluded patients with CKD or have
not reported outcomes by level of preprocedural kidney function, limiting the
generalizability of the results to patients with CKD.5-15 Observational studies comparing
CABG and PCI in patients with CKD have yielded conflicting results, with some reporting
lower mortality associated with CABG16:17 and others reporting no significant
differences.18-20 However, these studies were limited by relatively small sample sizes,
varying definitions of CKD and limited spectra of CKD severity. Moreover, many of these
studies included patients with both single and multivessel CHD, which, without
confirmation of left main or proximal left anterior descending artery disease, may not
necessarily represent fair comparison groups.2!

To address these issues, we compared the effectiveness of CABG with PCI for multivessel
CHD within a large, diverse, contemporary cohort of real-world patients. We hypothesized
that an initial strategy of CABG would be associated with lower risks of long-term
mortality, acute coronary syndrome, and repeat revascularization compared with PCI for the
treatment of multivessel CHD in the setting of CKD.

Source population and study cohort

Kaiser Permanente Northern California is a large, integrated health care delivery system
caring for >3.2 million persons who are broadly representative of the local and statewide
population.?2 To construct a cohort of patients with isolated CABG or PCI as the initial
revascularization strategy for multivessel CHD (Figure 1), we identified all health plan
members aged =30 years who received a multivessel (=2 vessels) CABG or PCI between
January 1, 1996, and December 31, 2008, using International Classification of Diseases,
Ninth Edition (ICD-9), and Current Procedure Terminology, Fourth Edition, codes (online
Appendix Supplemental Table I). We chose these inclusion dates because there was a
systematic change to the database in 1995, and at the time of planning of the analysis, 2008
represented the most up-to-date information available. The index date was the date of the
revascularization procedure.
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As we sought to compare revascularization strategies for multivessel CHD, we excluded
patients in whom the number of vessels revascularized was one or unknown. Because of a
change in the ICD-9 coding system in 2005, the proportion of PCI patients in whom we
were not able to identify the number of revascularized vessels increased from 0.3% for
patients revascularized between 1996 and 2004 to 25.5% between 2005 and 2008. Patients
with an unknown number of revascularized vessels by PCI had similar mean age, proportion
of women, and prevalence of cardiovascular disease but were more often persons of color
compared with patients in whom we were able to identify the coded number of
revascularized coronary vessels (data not shown).

To ascertain information on comorbid conditions in a uniform manner, we restricted the
analysis to patients with complete demographic data and at least 12 months of continuous
membership and pharmacy benefit before the index revascularization procedure.23:24 We
excluded patients with prior coronary revascularization and history of organ transplantation
and patients who underwent concurrent valvular surgery or annuloplasty at the time of their
CABG. Finally, we excluded patients on maintenance dialysis because these patients have
very different physiology and risk factors for cardiovascular disease compared with patients
with non—dialysis-dependent kidney disease.2-27

We used propensity score matching to create the final analytical cohort. We calculated a
propensity score using the variables listed in Table | as predictors of receiving CABG or
PCI. We matched each patient who received a PCI with 1 patient who received a CABG
using a greedy matching algorithm to within =0.01 level of the propensity score. We
required that each patient match within 2 years of the index age and match exactly on sex,
index year, diabetes mellitus status, and category of estimated glomerular filtration rate
(eGFR) (see below) at the time of the revascularization.

Measurement of kidney function

Baseline serum creatinine was defined as the most recent outpatient, nonemergency
department serum creatinine measured with an isotope dilution mass spectrometry—
calibrated assay?® between 7 and 365 days before the index date. For nonurgent
revascularization procedures, we also allowed use of a serum creatinine measured on the
index date.29 We calculated the eGFR using the Chronic Kidney Disease Epidemiology
Collaboration equation3? and categorized patients into the following 3 eGFR groups in
milliliters per minute per 1.73 m2: 260, 45 to 59 (CKD stage 3A) and <45 (CKD stage 3B+).
Patients with an eGFR <60 mL/min per 1.73 m2 were considered to have CKD.

Follow-up and outcomes

We followed patients through December 31, 2008, censoring at the time of health plan
disenrollment (defined as >90-day gap in membership) or at the end of follow-up. The
primary outcome was death from any cause identified from health plan databases, annual
California state death certificate files, and quarterly updated Social Security Administration
vital status files.31:32 Secondary outcomes were subsequent acute coronary syndrome and
repeat coronary revascularization. We used hospitalization databases to ascertain subsequent
acute coronary syndrome based on primary discharge diagnoses of either acute myocardial
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infarction (MI) or unstable angina (online Appendix Supplemental Table I). Coronary artery
bypass grafting procedures occurring within 14 days of the initial revascularization and PCls
occurring within 3 days of the initial revascularization were considered part of the index
procedure and not as repeat revascularizations. Patients who had an initial PCI and
subsequent CABG were analyzed in the PCI group.

We obtained data on age, sex, self-reported race/ethnicity, and treatment facility. The
following comorbid conditions were ascertained up to 4 years before the index date and
throughout the duration of follow-up based on diagnosis and procedure codes: smoking
status and history of heart failure, ventricular fibrillation/tachycardia, ischemic stroke/
transient ischemic attack, peripheral arterial disease, valvular heart disease, rheumatic heart
disease, atrial fibrillation/flutter, diabetes mellitus, hypertension, dyslipidemia, arthritis,
dementia, chronic liver disease, chronic lung disease, diagnosed depression,
hyperthyroidism, hypothyroidism, systemic cancer, and hospitalized bleed.233 We also
collected data on urine dipstick proteinuria and serum hemoglobin, high-density lipoprotein
cholesterol (HDL), and low-density lipoprotein cholesterol (LDL) up to 1 year before or on
the index date and throughout follow-up.

We ascertained baseline and longitudinal exposure to the following medications based on
pharmacy records34:3%: a-adrenergic antagonists, angiotensin-converting enzyme inhibitors,
angiotensin 11 receptor blockers, p-blockers, diuretics, aldosterone receptor antagonists,
hydralazine, nitrates, digoxin, calcium-channel blockers, statins, nonstatin lipid-lowering
agents, anti-inflammatory agents, antiplatelet agents, diabetes medications, and aspirin.

Statistical analysis

We stratified all analyses by pre-revascularization eGFR category. We compared baseline
characteristics of patients by CKD status and revascularization type using the Student t tests,
Wilcoxon rank sum tests, and 2 tests where appropriate. We used extended Cox regression
to evaluate the independent association of CABG versus PCI for each outcome of interest,
after adjustment for baseline covariates (sex, race, Hispanic ethnicity, and history of acute
MI or unstable angina) and time-varying covariates (age, cardiovascular medication use,
smoking status, comorbid conditions, proteinuria, hemoglobin, HDL, and LDL). We
adjusted for index year to account for secular trends over time and local health care facility
to account for potential unmeasured cluster effects at that level. We conducted additional
analysis stratifying the subgroups by diabetes mellitus status, given the evidence from
previous studies suggesting that it may modify the effectiveness of the revascularization
strategy.6:36

Sensitivity analyses

We conducted several additional sensitivity analyses. First, we repeated the analysis using
the full cohort, adjusting for the baseline and longitudinal covariates as listed above. Second,
because the change in the billing codes in 2005 resulted in an increase in the proportion of
PCI patients in whom we could not identify the number vessels revascularized, we repeated
the analysis restricting the full cohort to patients who had their revascularization between
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1996 and 2004. Third, because of the rapid adoption of drug-eluting stents after their
introduction in mid 2003, we performed a stratified analysis on the full cohort by stent-era:
1996 to 2003 (bare metal stents) and 2004 to 2008 (primarily drug-eluting stents). Fourth,
because 7.6% of CABG patients went on to receive a PCI and 5.8% of PCI patients went on
to receive a CABG, we performed an analysis using the full cohort, which accounted for
these crossover procedures in a time-varying fashion for the outcomes of death and acute
coronary syndrome.

The institutional review boards of the Kaiser Foundation Research Institute and Stanford
University approved the study. A waiver of informed consent was obtained due to the nature
of the study. All analyses were performed using SAS version 9.1.3 (Cary, NC). The work
was supported by a grant from the American Heart Association (0875162N). Dr Go had full
access to and control of the data and takes full responsibility for the study results. The
authors are solely responsible for the design and conduct of this study, all analyses, the
drafting and editing of the manuscript, and its final contents.

We identified 22,361 patients who underwent initial multivessel coronary revascularization
between January 1996 and December 2008 (Figure 1). The proportion of patients receiving
CABG as initial revascularization decreased steadily from 94% in 1996 to a nadir of 49% in
2005, and these proportions were consistent across eGFR categories (data not shown). The
proportion of PCI patients receiving a drug-eluting stent rose sharply in late 2003, with
>88% of all PCI patients receiving =1 drug eluting stents between 2004 and 2008, consistent
across eGFR categories. In patients receiving CABG, 40%, 39%, and 22% had 2, 3, or 24
vessels revascularized, respectively. In patients receiving PCI, the exact number of vessels
revascularized could be determined in only 26% of patients (with the remainder identified
solely as having had a multivessel procedure); of these, 70% had 2 vessels, 22% had 3
vessels, and 8% had >4 vessels revascularized.

In our propensity score-matched cohort (C-statistic 0.791), we matched 67% of patients who
received a PCI (n = 4,086) to a patient who received a CABG (Figure 1). Overall, 60% of
patients had a baseline eGFR =60 mL/min per 1.73 m2, 25% had an eGFR 45 to 59 mL/min
per 1.73 m2, and 15% had an eGFR <45 mL/min per 1.73 m2. Baseline variables were well
balanced in the matched cohort (Table I). In the full cohort, PCI patients were more likely to
be female, and to have a history of MI, hypertension, dyslipidemia, depression, liver disease,
and lung disease, these patients were also more likely to use angiotensin Il receptor
blockers, statins, and an antiplatelet agent, whereas CABG patients were more likely to use
nitrates at baseline (online Appendix Supplemental Table II).

Primary outcome: all-cause mortality

Median follow-up of surviving CABG patients was 3.9 years (interquartile range [IQR] 2.0-
6.5 years); median follow-up of surviving PCI patients was 3.8 years (IQR 2.0-6.4 years). A
total of 1202 patients died in the matched cohort during follow-up. Patients with lower
baseline eGFR had higher unadjusted 5-year rates of death than patients with preserved
eGFR, regardless of the revascularization type (Table 11). Compared with PCI, CABG
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patients had a lower relative hazard of death across levels of baseline eGFR even after
adjustment for potential confounders and longitudinal use of postrevascularization
cardiovascular medications, although the CI included 1.0 for patients in the lowest eGFR
category (Figure 2). Our results were similar in patients with and without diabetes mellitus
(Table I11).

Secondary outcomes: acute coronary syndrome and repeat revascularization

A total of 1159 patients in the matched cohort were hospitalized during follow-up for acute
coronary syndrome, and patients with eGFR <45 mL/min per 1.73 m? had the highest
unadjusted rates (Table I1). A total of 1271 patients had a repeat revascularization event
during follow-up, but despite having the highest rates of hospitalized acute coronary
syndrome, patients in the lowest eGFR category did not have higher unadjusted rates of
repeat revascularization (Table I1).

Compared with PCI, CABG was associated with significantly lower adjusted risks of acute
coronary syndrome and repeat revascularization for patients across all categories of baseline
eGFR (Figure 2). Results were similar in patients with and without diabetes mellitus (Table

11y.

Sensitivity analyses

Analyses using the full cohort yielded similar results: for the primary outcome of all-cause
mortality, the hazard ratio (HR) was 0.85 (95% CI 0.74-1.00) for eGFR =60 mL/min per
1.73 m2; HR 0.82 (CI 0.68-0.98) for eGFR 45-59 mL/min per 1.73 m2; and HR 0.76 (CI
0.64-0.90) for eGFR <45 mL/min per 1.73 m2. Results did not materially change in the
other sensitivity analyses, which limited the analysis to patients revascularized between
1996 and 2004, stratified by stent-era, or included a time-varying adjustment for subsequent
revascularization procedures (data not shown).

Discussion

Within this large, diverse cohort of patients, initial multivessel coronary revascularization
with CABG rather than PCI in patients with CKD was associated with a 15% to 24% lower
adjusted rate of death, a 56% to 62% lower adjusted rate of acute coronary syndrome, and a
59% to 71% lower adjusted rate of repeat revascularization. The associations in patients
with CKD were similar to patients with preserved kidney function and in patients with and
without diabetes mellitus. Forty percent of our cohort had a baseline eGFR <60 mL/min per
1.73 m2, confirming the high prevalence of concomitant CKD among patients with
multivessel CHD.

Our results confirm and extend the results of the recently published ASCERT study, which
compared CABG with PCI in Medicare recipients using linked data from a cardiac surgery
registry and a coronary catheterization registry.3’ In that study, Weintraub et al3” found a
17% to 25% lower risk of long-term death associated with CABG compared with PCI across
strata of eGFR, consistent with our findings. Importantly, our analysis goes beyond the
findings of ASCERT, which was limited to a predominantly white, older Medicare
population, to address a younger and more racially diverse patient population.
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Our results contrast with findings from several smaller studies of coronary revascularization
that reported no significant differences in the mortality of patients with non—dialysis-
dependent CKD after CABG or PC1.19.20 |n a single center study of 725 patients with CKD
receiving revascularization of multivessel CHD, CABG was associated with a 30% lower
risk of death compared with PCI, but the association was not statistically significant (P =.
2).20 Similarly, in a series of 1,069 consecutive patients with CKD and multivessel CHD at a
single center in China, CABG was associated with a 44% lower risk of death compared with
PCI, but the results were not statistically significant (P = .2).19 Lopes et al®® reanalyzed data
from 611 patients with multivessel CHD randomly assigned to medical therapy, CABG, or
PCI in Medicine, Angioplasty, or Surgery Study and found that, in the 150 patients with
eGFR <60, CABG was associated with a 63% lower risk of death compared with PCI (P =.
06). Finally, a post hoc analyses of Arterial Revascularization Therapies Study3 found no
significant difference in mortality (HR 0.98, Cl 0.40-2.42, P = .97) in the 290 subjects with
baseline CKD randomized to CABG or PCI,° but the small sample size and low event rates
led to limited power.

Our study confirms that CKD is associated with higher mortality rates compared with
preserved renal function among patients with multivessel CHD. Given this higher baseline
risk, patients with CKD had a greater absolute reduction in mortality from CABG, although
the relative risk reduction was similar to that of patients with preserved kidney function. Of
note, patients with the lowest levels of baseline eGFR (<45 mL/min per 1.73 m2) had higher
rates of acute coronary syndrome than patients with preserved renal function but did not
have higher rates of repeat revascularization. The reason for this apparent discrepancy is
uncertain but may stem from possible concerns about higher procedural risks or the presence
of more extensive and diffuse CHD that is less amenable to additional revascularization.

Our study has several strengths, including its large sample size, diverse cohort of real-world
patients, and inclusion of patients being treated with multivessel coronary disease only,
allowing us to address some of the limitations of previous observational studies.
Importantly, a substantial proportion of patients in our cohort had baseline eGFR <45
mL/min per 1.73 m2, a high-risk patient population that is often excluded from randomized
clinical trials.3° We also had longitudinal information on postrevascularization medication
use, comorbidities, and laboratory values, which allowed us to account for these potential
confounders in a time-varying fashion.

As an observational study of outcomes associated with treatments delivered outside a
randomized trial, we cannot fully exclude residual selection bias and confounding despite
adjustment for a large number of covariates and findings that were robust to several
sensitivity analyses. Second, we did not have data on details of the coronary anatomy that
may influence revascularization type (eg, bifurcation disease, small caliber vessels, or
chronic total occlusions). Third, because of a change in 2005 in the ICD-9 codes, we were
unable to identify the number of revascularized vessels during PCI in up to one quarter of
patients receiving PCI between 2005 and 2008. However, the differences in baseline
characteristics between PCI patients with identifiable versus unidentifiable number of
revascularized vessels were minimal. Moreover, because those data were missing as a result
of a systematic change in coding practices that was unrelated to practice patterns or
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outcomes, this would be expected to bias our results toward the null. The results of the
sensitivity analysis restricted to procedures performed before the change in coding practices
also did not materially differ from the results of the primary analysis. Fourth, we did not
have information on left ventricular systolic function in 85% of the cohort, which can
influence the choice of revascularization procedures#041 and also affects
postrevascularization outcomes. Finally, given the lack of consensus on the definition of a
periprocedural M1 for CABG or PCI during the study period, along with the lack of
complete periprocedural data on cardiac enzymes (eg, cardiac troponin 1), clinical symptoms
and electrocardiographic findings, we were unable to assess for differences in periprocedural
MI.

The prevalence of CKD among patients with multi-vessel CHD is high, and these patients
are among the highest risk for death and cardiovascular morbidity. Although PCI is being
used with increasing frequency as initial treatment for multivessel CHD, our findings
suggest a significantly lower adjusted risk of death, acute coronary syndrome, and repeat
revascularization with CABG in patients with multivessel CHD and CKD. We hypothesize
that the apparent advantage of CABG compared with PCI could stem from more frequent
achievement of complete revascularization with CABG. Alternatively, PCI could be less
effective in patients with CKD due to increased inflammation, uremia, or anemia.*2 Our
findings support conducting adequately powered randomized clinical trials comparing
CABG versus PCI as the initial coronary revascularization strategy in patients with
multivessel CHD complicated by CKD.
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Kaiser Permanente Northern California
member age >30 years with any CABG
or PCI from 1/96 to 12/08
N = 76,622

Patients with first CABG or PCI
meeting inclusion/exclusion criteria
N = 64,482

Excluded 12,140 patients with:

Missing or invalid demographic data (N = 1349)

<12 months of continuous membership (N = 7761)

<12 months of drug benefit before index date (N = 241)
History of any organ transplant (N = 2275)

No membership after index date (N = 396)

History of CABG or PCI prior to study period (N = 118)

Patients with isolated first CABG
or PCI for multivessel disease

Excluded 36,193 patients with:

Single vessel procedures (N = 32,440)

Concurrent valvular surgery or annuloplasty (N = 2331)
Unconfirmed index hospitalization (N = 976)

N = 28,735
|

l
Full Cohort
N=22361

Excluded 6374 patients with:
No valid baseline serum creatinine (including patients
on maintenance dialysis)

Propensity Score-Matched Cohort
N=28,172

Figure 1.
Cohort assembly.

Match CABG:PCl in 1:1 ratio on

< 0.01 difference in propensity scores

Age +/- 2 years, sex, diabetes mellitus status, index
year, eGFR category

Cohort assembly.
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Patients with Event /
Total Patients

eGFR in mL/min per 1.73m?

Outcome eGFR CABG PCl Hazard Ratio (95% Cl)
260 251/2628 267/2628 —— 0.81 (0.68-1.00)
Death 45-59 159/941 190/941 —_— 0.73 (0.56-0.95)
<45 166/517 169/517 —_— 0.87 (0.67-1.14)
260 220/2628 499/2628 —— 0.43 (0.35-0.52)
ACS 45-59 59/941 202/941 —W— 0.29 (0.21-0.40)
<45 58/517 121/517 —— 0.39 (0.29-0.54)
260 222/2628 641/2628 —8— 0.43 (0.36-0.52)
Repeat Revasc 45-59 56/941 216/941 —— 0.35(0.25-0.50)
<45 28/517 108/517 —@— 0.28 (0.18-0.44)

I Favors CABG
0.2

1.0

Favors PCI

Figure 2.

Multivariable-adjusted HRs for specified outcomes comparing CABG to PCI as initial
treatment for multivessel coronary artery disease by eGFR category in the matched cohort.
Models adjusted for age, sex, race, Hispanic ethnicity, baseline history of acute Ml or
unstable angina, medications, smoking status, comorbid conditions, dipstick proteinuria,
hemoglobin, HDL, LDL, index year, and local health care facility.
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Table Il

Unadjusted 5-year event rates per 100 patient-years for specified clinical outcomes by initial revascularization
type in adults with multivessel coronary disease, stratified by preprocedural kidney function

5-y event rate per 100 patient-years (95% CI)

CABG PCI
Death
eGFR>60  2.09 (1.85-2.37) 2.19 (1.95-2.47)
eGFR 45-59  3.81 (3.26-4.44) 4.75 (4.12-5.47)
eGFR <45  8.87 (7.62-10.33) 9.13 (7.85-10.62)

Acute coronary syndrome

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

eGFR 260 2.94 (2.65-3.27)
eGFR 45-59  2.06 (1.67-2.54)
eGFR <45  4.86 (3.96-5.97)
Repeat revascularization
eGFR260  2.59 (2.32-2.90)
eGFR 45-59  1.77 (1.41-2.22)
eGFR <45  1.76 (1.25-2.48)

7.53 (7.06-8.04)
9.47 (8.56-10.47)
14.32 (12.70-16.15)

7.63 (7.16-8.14)
7.75 (6.93-8.66)
8.05 (6.86-9.45)
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Adjusted HRs and 95% Cls for CABG compared with PCI in the matched cohort, stratified by baseline kidney

Table llI

function and diabetes mellitus status

HR (95% CI)

Diabetes No diabetes

Death

eGFR>60  0.71(0.51-0.99) 0.81 (0.61-1.09)
eGFR 45-59  0.75 (0.46-1.22)  0.67 (0.46-0.96)
eGFR<45  0.76 (0.45-1.27)  0.85 (0.58-1.23)

Acute coronary syndrome

eGFR>60  0.34(0.25-0.44) 0.49 (0.38-0.63)
eGFR 45-59  0.23 (0.14-0.37)  0.29 (0.20-0.44)
eGFR<45  0.31(0.20-0.51) 0.37 (0.22-0.61)

Repeat revascularization

eGFR260  0.42(0.32-0.55) 0.43 (0.34-0.53)
eGFR45-59  0.41 (0.24-0.69)  0.35 (0.23-0.54)
eGFR<45  0.25(0.13-0.45) 0.16 (0.08-0.34)
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