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Relation Between Mild Renal Dysfunction and Outcomes
After Coronary Artery Bypass Grafting

Rosita Zakeri, MB, ChB; Nick Freemantle, MA, PhD; Vivian Barnett; Graham W. Lipkin, MD, FRCP;
Robert S. Bonser, FRCS, FRCP; Timothy R. Graham, FRCS; Stephen J. Rooney, FRCS;
Ian C. Wilson, MD, FRCS; Robert Cramb, FRCPath; Bruce E. Keogh, MD, FRCS;
Domenico Pagano, MD, FRCS

Background—Risk stratification algorithms for coronary artery bypass grafting (CABG) do not include a weighting for
preoperative mild renal impairment defined as a serum creatinine 130 to 199 uwmol/L (1.47 to 2.25 mg/dL), which may
impact mortality and morbidity after CABG.

Methods and Results—We reviewed prospectively collected data between 1997 and 2004 on 4403 consecutive patients
undergoing first-time isolated CABG with a preoperative serum creatinine <200 wmol/L (2.26 mg/dL)] in a single institution.
The in-hospital mortality was 2.5% (112 of 4403), the need for new dialysis/hemofiltration was 1.3% (57 of 4403), and the
stroke rate was 2.5% (108 of 4403). There were 458 patients with a serum creatinine 130 to 199 umol/L or 1.47 to 2.25 mg/dL.
(mild renal dysfunction group) and 3945 patients with a serum creatinine <130 wmol/L (<1.47 mg/dL). Operative mortality
was higher in the mild renal dysfunction group (2.1% versus 6.1%; P<<0.001) and increased with increasing preoperative
serum creatinine level. New dialysis/hemofiltration (0.8%versus 5.2%; P<<0.001) and postoperative stroke (2.2% versus
5.0%; P<<0.01) were also more common in the patients with mild renal impairment. Multivariate analysis adjusting for known
risk factors confirmed preoperative mild renal impairment (creatinine 130 to 199 wmol/L or 1.47 to 2.25 mg/dL; odd ratio,
1.91; 95% CI, 1.18 to 3.03; P=0.007) or glomerular filtration rate estimates <60 mL/min per 1.73 m?, derived using the
Cockroft-Gault formula, (odds ratio, 1.98; 95% CI, 1.16 to 3.48; P=0.015) as independent predictors of in-hospital mortality.
Preoperative mild renal dysfunction adversely affected the 3-year survival probability after CABG (93% versus 81%;

P<0.001).

Conclusions—Mild renal dysfunction is an important predictor of outcome in terms of in-hospital mortality, morbidity, and
midterm survival in patients undergoing CABG. (Circulation. 2005;112[suppl I]:1-270-1-275.)

Key Words: coronary artery bypass grafting m coronary disease m renal dysfunction

Mild renal dysfunction is an adverse prognostic indi-
cator in patients with coronary artery disease.! In
patients undergoing coronary artery bypass grafting
(CABG), moderate (serum creatinine >200 pmol/L or
>2.26 mg/dL) or end-stage renal dysfunction are recog-
nized risk factors for increased perioperative mortality and
are accounted for in the commonly used cardiac risk
stratification scoring systems.>? In addition, severe
preoperative renal disease is associated with a higher
incidence of morbidity, need for dialysis, and length of
hospital stay after CABG.*> Limited information exists on
the influence of mild to moderate nondialysis-dependent
renal disease on the immediate postoperative mortality and
long-term survival of patients undergoing isolated first-
time CABG. The aim of this study was to investigate the
impact of mild renal dysfunction on the outcome of
patients undergoing isolated first-time CABG at our
institution.

Methods

Patient Selection.

We reviewed data from the computerized cardiac surgical database,
which holds clinical information on all of the patients undergoing
cardiac surgery at our unit since 1997. These data are acquired
prospectively as part of the patients’ pathway and is based on the
Society of Cardiothoracic Surgeons of Great Britain and Ireland
minimal dataset, with some customized additions. We analyzed data
on all of the patients undergoing isolated first-time CABG with no
history of renal disease or dialysis and with a preoperative serum
creatinine <200 umol/L (2.26 mg/dL) (4403 patients) between
January 1997 and March 2004. For the purpose of this study, the
serum creatinine before surgery was used as a baseline. A baseline
creatinine of 130 wmol/L or 1.47 mg/dL was used as the threshold to
define renal dysfunction.® We stratified patients into the following 2
groups: (1) mild renal dysfunction group (serum creatinine 130 to
199 umol/L or 1.47 to 2.25 mg/dL; 458 patients); and (2) a reference
group without evidence of renal impairment (serum creatinine
<130 pwmol/L or 1.47 mg/dL; 3945 patients). A total of 4385
(99.5%) patients underwent CABG on cardiopulmonary bypass, and
18 patients (0.5%) were off-pump. The patients’” glomerular filtration
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TABLE 1. Preoperative Patient Characteristics

Reference Group  Renal Group

Characteristics (n=3945) (n=458) P Value
Age (years=SD) 62.8+9.1 68.1+7.9 <0.001
Female gender (%) 22.2 10.9 0.254
Body mass index (+=SD) 27.3+43 26.9+4.0 0.060
Unstable angina (%) 33.1 43.2 <0.001
Previous MI (%) 49.2 62.7 <0.001
LVEF<0.30 (%) 6.3 13.8 <0.001
Diabetes mellitus (%) 19.3 27.3 <0.001
Hypertension (%) 58.1 66.8 <0.001
Hypercholesteroleamia (%) 74.6 745 0.964
Previous stroke (%) 5.0 10.9 <0.001
Respiratory disease (%) 8.9 1141 <0.001
Smokers (%) 71.9 76.6 0.033
Urgent operation (%) 324 441 <0.001
Mean CPB time (min=SD) 78+29 77+28 0.315
Mean clamp time (min=SD) 43+18 42+18 0.277
Median no. grafts (range) 3 (1-5) 3 (1-5) 0.890

MI indicates myocardial infarction; LVEF, left ventricular ejection fraction;
CPB, cardiopulmonary bypass; min, minutes.

rate (GFR) was estimated using the Cockroft-Gault formula’ and
adjusted for each 1.73 m” of body surface area. Renal dysfunction
was defined as GFR<60 mL/min per 1.73 m? in accordance with the
U.S. National Kidney Foundation guidelines.®

Study End Points.

The end points of the study were in-hospital death from any cause
and long-term survival in which follow-up information from the
postdischarge period was also included. We also describe the need
for postoperative dialysis/hemofiltration and the incidence of new
stroke (transient or permanent). New stroke was defined as nonfatal
stroke, transient ischemic attack, or stupor /coma at the time of
discharge (Type 1 neurological deficit).® Postdischarge survival data
were obtained from the U.K. National Office of Statistics.

Statistical Analysis

The risk faced by cardiac surgery is commonly assessed using the
European Risk Stratification Score System (EuroSCORE).2 We
developed prognostic models to examine whether there was an
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additional effect of renal function on all-cause mortality in cardiac
surgery in the immediate in-hospital period after surgery. We also
examined the importance of renal function on all-cause mortality in
long-term follow-up. Thus, our analyses examined whether a preop-
erative measure of renal function could provide additional informa-
tion regarding the operative risk faced by the patient, having
accounted for known risk factors. In order to assess the effect of
renal function on all-cause in hospital mortality, we used generalized
linear models with logit link and binomial error.!® Because of the
limited number of in-hospital deaths, we implemented a reduced
model in which myocardial infarction was combined with unstable
angina, and diabetes was combined with hypertension to avoid
overfitting.!! In this model, we did not include surgeon level factor.
In order to assess the effect of renal function on all-cause mortality
in-hospital and at long-term follow-up, we fitted a Cox proportional
hazard model, accounting for each item of the EuroSCORE and
surgeon. The addition of surgeon stratification did not result in
different outcomes of the models. In all of the models, mild renal
dysfunction was defined as creatinine =130 wmol/L (=1.47 mg/dL)
or GFR <60 mL/min per 1.73 m* In addition, we fitted a cubic
spline to GFR accounting for the potential nonlinear predictive value
of these measures in order to describe the predictive value of
different values and explore appropriate clinical thresholds.!!

Results

The preoperative serum creatinine for the 4403 patients was
normally distributed. The mean creatinine (*=SD) was
106.2 wmol/L (+19.1). A total of 3945 (89.6%) patients had
a serum creatinine <130 pwmol/L (<1.47 mg/dL), and 458
patients (10.4%) had a serum creatinine between 130 and
199 wmol/L (1.47 to 2.25 mg/dL). There were 2003 patients
with an estimated GFR <60 mL/min per 1.73 m? and 2400
patients at =60 mL/min per 1.73 m?. The baseline character-
istics of the 2 patient groups are illustrated in Table 1.

In-Hospital Outcomes

There were 112 in-hospital deaths (overall all-cause mortality
2.5%). The cause of death was recorded as cardiovascular in
96 patients, sepsis in 5 patients, adult respiratory distress
syndrome in 5 patients, and other causes in 6 patients.
Fifty-four patients (1.2%) required postoperative dialysis/
hemofiltration, and 108 (2.5%) patients suffered a perioper-
ative new stroke. The mean length of hospital stay was 13.9
days (interquartile range 7 to 15 days), and 465 patients
(10.6%) required a hospital stay >14 days.

TABLE 2. Postoperative Complications Profile in the 2 Patient Groups

Reference Group Renal Group
Complications (n=3945) (n=458) P Value
Death (no. of patients) 84 (2.1%) 28 (6.1%) <0.001
Dialysis/hemofiltration (no. of patients) 33(0.8%) 24 (5.2%) <0.001
Stroke (no. of patients, %) 85 (2.2%) 23 (5.0%) <0.005
Ventilation (days=SD) .7(*8.0) 9(*6.3) 0.016
ITU stay (days=SD) 5(*4.5) 5(+9.9) <0.001
Pulmonary complications (no. of patients) 412( 0%) 84 (18%) <0.001
Infective complications (no. of patients) 317 (8.0%) 55 (12%) <0.004
Reoperation (no. of patients) 287 (7.2%) 37 (8.0%) 0.509
Arrhythmia (no. of patients) 1157 (29%) 177 (39%) <0.001
Inotrope/IABP use (no. of patients) 1286 (32%) 221 (48%) <0.001
Hospital stay (no. >14 days) 378 (9.5%) 87 (19%) <0.001

ITU intensive intensive therapy unit; IABP, intraaortic balloon pump (exclude prophylactic use).
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Figure 1. In-hospital mortality rates by (a) increasing serum cre-
atinine and (b) decreasing estimated GFR. (a) Mortality rate for
serum creatinine <130 umol/L (<1.47 mg/dL): 2.2% (89 of
3945); creatinine 130 to 149 umol/L (1.47 to 1.69 mg/dL): 4.3%
(14 of 323); creatinine 150 to 179 umol/L (1.70 to 2.02 mg/dL):
9.3% (10 of 108); creatinine 180 to 199 umol/L (2.03 to 2.25
mg/dL): 14.8% (4 of 27). (b) Mortality rate for GFR =90 mL/min
per 1.73 m?: 1.0% (17 of 1707); GFR 60 to 89 mL/min per 1.73
m?: 2.1% (40 of 1922); GFR 30 to 59 mL/min per 1.73 m* 7.1%
(45 of 631).

The patients with a serum creatinine =130 umol/L (=1.47
mg/dL) had a higher rate of postoperative complications
(Table 2), which included in-hospital mortality (2.1% versus
6.1%; P<0.001), greater need for postoperative dialysis/
hemofiltration (0.8% versus 5.2%; P<<0.001), strokes (2.2%
versus 5.0%; P<<0.005), and a prolonged length of hospital
stay compared with the control group. Mortality increased
with increasing preoperative serum creatinine levels and
decreasing GFR estimates (Figure 1). Multivariate analysis
identified preoperative creatinine =130 wmol/L or =1.47
mg/dL (odds ratio, 1.91; 95% CI, 1.18 to 3.03; P=0.007) or
GFR <60 mL/min per 1.73 m* (odds ratio, 1.98; 95% ClI,
1.16 to 3.48; P=0.015) as independent predictors of in-
creased in-hospital mortality (Table 3).

TABLE 3. Multivariate Analysis of Risk of In-Hospital Death
and Preoperative Variables

0dds Lower Upper

Variable Ratios  95% Cl  95%(ClI P Value
Age 1.07 1.04 1.1 <0.0001
Male gender 0.56 0.37 0.86 <0.001
Unstable angina/MI* 1.68 0.99 2.96 0.062
Creatinine =130 pmol/L 1.91 1.18 3.03 0.007
GFR<60 mL/min per 1.73 m? 1.98 1.16 3.48 0.015
Respiratory disease 0.89 0.44 1.62 0.715
Diabetes/hypertension* 0.94 0.63 1.44 0.787
Urgent surgery 1.57 1.04 2.37 0.003
LVEF <0.30 3.91 2.41 6.18 <0.0001

MI indicates previous myocardial infarction; LVEF, left ventricular ejection
fraction.
*Patients with 1 or both risk factors.

Serum creatinine data during the in-hospital postoperative
period was available on 4001 (91%) patients (407 patients in
the renal dysfunction and 3594 patients in the reference
group). The mean (£SD) peak postoperative creatinine rise
was 36 umol/L (£69) in the renal dysfunction group and
11 pmol/L (*+34) in the reference group (P<<0.0001). A rise
in creatinine >50 wmol/L was detected in 104 of 407 patients
in the renal dysfunction group and 200 of 3594 patients in the
reference group (P<<0.0001).

Survival Analysis

The median follow-up after CABG was 889 days (interquar-
tile range 8 to 1761 days). Kaplan-Meier estimates of 30-day
and 3-year post-CABG survival were 98% and 93%, respec-
tively, for the patients with a preoperative creatinine
<130 pmol/L (<1.47 mg/dL) and 93% and 81%, respec-
tively (P<<0.001) (Figure 2, Table 4), for those with a
creatinine =130 wmol/L (=1.47 mg/dL). Decreasing esti-
mated GFRs were associated with increasing mortality rates
(Figure 3). The hazard ratio for the effect of GFR <60
mL/min per 1.73 m* on survival was 1.56 (95% CI, 1.14 to
2.13; P=0.006). The risk of death increased sharply with
GFR <60 mL/min per 1.73 m? having accounted for Euro-
SCORE and surgeon (Figure 4). GFR had a substantially
better predictive power than creatinine alone (comparison of
model fit between GFR and creatinine P=5X10"").

Discussion

Effects of Preoperative Renal Dysfunction on
In-Hospital Outcomes

Moderate or end-stage renal dysfunction is known to be an
important predictor of morbidity and mortality after
CABG.>%12 The 2 most common risk stratification scoring
systems, used to estimate perioperative mortality, give a
weighting factor only for advanced renal disease, that is,
creatinine =200 wmol/L or dialysis dependency.?? Our study
suggests that patients with mild renal dysfunction are at risk
of increased perioperative mortality and morbidity. This is in
accordance with a previous smaller report.® The accuracy of
serum creatinine as a marker of renal dysfunction has been an
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Creatinine <130 pmol/L (1.46 mg/dL)

Figure 2. Kaplan-Meier estimated sur-
vival according to preoperative serum
creatinine level. Cox proportional hazard
probability value <0.001.
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object of criticism because of its nonlinear association with
GFR. In our study, preoperative serum creatinine was a very
powerful predictor of in-hospital outcome, and the use of
GFR estimates at the threshold used did not add additional
accuracy to this prediction model. The in-hospital mortality
of patients with a mildly elevated serum creatinine was 3-fold
that of the control group, and multivariate analysis identified
it as the third most important adverse factor after age and
severe left ventricular dysfunction. The mechanism by which
renal dysfunction contributes to perioperative mortality is
unknown. In our study, patients with mild renal dysfunction
had a high prevalence of traditional cardiovascular risk
factors, and this is in accordance with other reports.!-'> Most
perioperative deaths (86%) were attributable to cardiovascu-
lar causes. It is possible, therefore, that elevated serum
creatinine is merely a marker of more advanced and gener-
alized disease, which identifies patients less likely to endure
the surgical insult. However, a raised serum creatinine or a
reduced estimated GFR were both independent and strong
predictors for adverse outcomes. Patients with mild renal
dysfunction were also more likely to develop postoperative
complications. The need for postoperative dialysis/hemofil-
tration in the entire study population was 1.3%, but it was

TABLE 4. Hazard Ratios for Effect of Preoperative Risk
Factors on Mortality

Hazard Lower Upper
Variable Ratio 95% Cl 95% Cl P Value
Age 1.06 1.04 1.07 <0.0001
Male gender 0.95 0.72 1.24 0.719
Unstable angina 1.06 0.76 1.48 0.697
Previous MI 1.32 1.03 1.69 0.026
Creatinine =130 wmol/L 1.65 1.25 2.18 <0.001
Respiratory disease 1.51 1.10 2.06 0.009
Diabetes mellitus 1.07 0.81 1.42 0.591
Hypertension 1.06 0.84 1.34 0.637
LVEF <0.30 3.39 2.54 451 <0.0001
Previous stroke 1.38 0.03 2.05 0.101
Urgent surgery 1.31 0.94 1.82 0.099

MI indicates previous myocardial infarction; LVEF, left ventricular ejection
fraction.

4-fold more likely to be needed in those patients with
preoperative renal dysfunction. These findings are in accor-
dance with previous reports.* Some studies have suggested
that intraoperative factors, such as a prolonged cardiopulmo-
nary bypass time and aortic cross clamp time, are important
contributors to postoperative renal dysfunction.* This was not
the case in this study.

We did not collect data on type II neurological deficit® or
neuropsychometric outcome on the patients included in this
study; however, the incidence of type I neurological deficit
was >2-fold higher in the group with mild renal dysfunction.
To the best of our knowledge, this is a new finding.

Effects of Renal Dysfunction on Survival

There has been growing interest in the relationship between
mild renal dysfunction and survival. Large population-based
studies have demonstrated an increase in all-cause and
cardiovascular mortality in patients with mild renal dysfunc-
tion'* with up to 20% increase in the hazards of death in
patients with estimated GFR values similar to those reported
in our study. Furthermore, the recent analysis of the patient
population in the Valsartan in Acute Myocardial Infarction
Trial, has indicated mild renal dysfunction as a major risk
factor for cardiovascular complications and mortality after
myocardial infarction.! Our study extends these findings to
patients with mild renal disease undergoing CABG. The
hazards for all-cause mortality increased sharply with de-
creasing GFR, and, when using this parameter as a continu-
ous function, the hazard for mortality increased in patients
with a GFR <60 mL/min per 1.73 m? a value considered the
upper limit for normal renal function.® When using creatinine
as a continuous function, the hazard of mortality increased
from creatinine levels >100 wmol/L (>1.13 mg/dL). It is
known that there is a group of patients in whom, despite a
near-normal creatinine, the GFR is reduced and, thus, GFR
may be a more accurate parameter than serum creatinine to
predict long-term outcome.! The analysis of the creatinine
continuous model, however, confirmed that the risk of death
was high at levels =130 wmol/L or =1.47 mg/dL.

The mechanisms for the association between increased risk
of death and mild renal disease are unknown. Mild renal
dysfunction occurs in more advanced age and in patients with
a number of other important cardiovascular risk factors,
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including increased levels of inflammatory mediators,'> hy-
percoagulability,’> endothelial dysfunction,'¢ arterial stift-
ness'? or calcification,'® and left ventricular hypertrophy.'?
The survival of patients with mild renal dysfunction under-
going CABG was lower than for patients with normal renal
function, but our data do not address the question as to
whether coronary revascularization affords a benefit over
medical treatment in these individuals. Previous reports,
mainly limited to patients with more advanced renal dysfunc-
tion, have shown a reduced post-CABG survival compared
with patients with normal renal function,?® but they have also
demonstrated a consistent long-term benefit of coronary
revascularization over medical treatment alone'>2° or percu-
taneous revascularization with nondrug-eluting stents.!?

The visual analysis of the survival curves after CABG in
our study suggests that the highest risk of death for the renal
dysfunction group can be detected in the first few weeks after
surgery. This suggests a potential compounding role of the

surgical insult on patients’ outcome. This issue merits addi-
tional study to understand the mechanism of this enhanced
risk and to improve perioperative renal protection.

Study Limitations

The follow-up data obtained via the National Institute of
Statistics only provides knowledge of the survival status with
no cause of death, and this does not allow differentiation
between cardiovascular and other-cause mortality. Our study,
however, provides data on a large unselected group of
patients and, thus, provides insight into real practice. The
limited number of in-hospital deaths does not allow the
construction of a statistical model to ascertain a cut-off value
for GFR as a predictor of in-hospital outcome. Mild renal
dysfunction is generally poorly defined. In our study, the
cut-off of serum creatinine =130 wmol/L was chosen arbi-
trarily on the basis of clinical observations and a smaller
previous report,® whereas the GFR cut-off was chosen in

Risk of death
o o0 0 O 0 0 0 000 0 0 0 0 00 0600 000000000
-]
%]

Figure 4. Cubic spline analysis for haz-
ard of death with decreasing estimated
preoperative GFR.

30 40 50 60 7o B0
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accordance with the U.S. National Kidney Foundation guide-
lines. These proved to be very strong predictors of adverse
in-hospital and midterm outcome in this study. Estimated
GFR proved to be more powerful then serum creatinine when
predicting long-term survival post-CABG. We have no data
on the underlying pathophysiology of the renal disease in the
patients included in the study. All patients had no history of
renal disease and had not undergone specific renal investiga-
tions other then routine serum creatinine and urea screening.
The findings of our study suggest the need for additional
evaluation of these patients in order to understand the
pathophysiology of the renal impairment and the design of
renal protection strategies.
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