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Effect of preoperative renal function on long-term survival after
cardiac surgery
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Objectives: The study objective was to investigate the effect of renal failure on intermediate-term survival in
cardiac surgery patients.

Methods: All patients aged 18 years or older undergoing coronary artery bypass grafting, valvular surgery, tho-
racic aortic surgery, or a combination of these from January 1, 2002 to December 1, 2005 were included. Data
were obtained from the cardiac surgery and intensive care databases. Using a matching algorithm, the date of
death was obtained from the National Death Index. The simplified Medical Diet for Renal Disease formula
was used to calculate the estimated glomerular filtration rate, and the patients were stratified accordingly. An
estimation of the effect of the preoperative renal function on the interval to death was determined using Cox
regression analysis with and without cubic splines and polynomial regression. The long-term survival was de-
scribed using the Kaplan-Meier product limit method.

Results: A total of 5297 patients were included in the present study. The vital status of all patients was obtained
at a mean of 2.9 years (range, 1-5) postoperatively. The actuarial 1-year survival rate was 96% =4 1%, and the
3-year survival rate was 92% =+ 1%. The greatest early mortality occurred in the severe renal dysfunction group;
however, the dialysis-dependent renal failure group showed increased mortality over time compared with the
other groups. The lowest risk of death (longest interval to death) occurred with an estimated glomerular filtration

rate of approximately 90 mL/min/1.73 m*.

Conclusions: The results of our study have shown that preoperative renal dysfunction is an independent predic-
tor of long-term mortality in cardiac surgery patients. (J Thorac Cardiovasc Surg 2013;146:90-5)

Chronic kidney disease (CKD) has been seen to indepen-
dently increase the risk of acute coronary syndrome, angina,
coronary artery disease, stroke, and heart failure.' Poorer
renal function has been associated with an increased risk
of cardiovascular events.” The incidence of CKD is increas-
ing worldwide, with the number of new patients requiring
dialysis increasing at 7% annually.®> Almost one half of
all patients beginning dialysis during a 12-year period
have some form of cardiac or vascular disease, indicating
the development of cardiovascular disease before the need
for dialysis.*

Risk adjustment models such as the European System for
Cardiac Operative Risk Evaluation (euroSCORE),5 euro-
SCORE II,° and the Society of Thoracic Surgeons database’
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have identified renal dysfunction as a risk factor for poor
short-term outcomes.

The glomerular filtration rate (GFR) is considered to be
a more accurate measure of renal function compared with
the serum creatinine level.® Of the various methods avail-
able to estimate the GFR, the Modification of Diet for Renal
Disease (MDRD) formula has been shown to be more accu-
rate and reliable.’ The simplified MDRD (sMDRD) is a sim-
plified and validated version of the MDRD formula. '’

Short-term mortality as an outcome measure has signifi-
cant limitations.'! High-risk cardiac surgery and its compli-
cations can still have poor long-term outcomes,'? because
the effects of surgery and critical illness can persist for 6
to 12 months and longer."?

The effect of varying degrees of renal dysfunction using
the sSMDRD formula on longer term survival after cardiac
surgery has been less well studied. Because of these factors,
the aim of the present study was to determine the effect of
preoperative renal dysfunction on longer term survival in
a series of patients who underwent cardiac surgery at our
institution.

METHODS

A secondary data analysis of prospectively collected data from adult pa-
tients (aged >18 years) undergoing coronary artery bypass grafting, valvu-
lar surgery, thoracic aortic surgery, or a combination of these from January
1, 2002 to December 31, 2005 was conducted. From 2002 to 2005, the data
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Abbreviations and Acronyms
CKD = chronic kidney disease
DDRF = dialysis-dependent renal failure
euroSCORE = European System for Cardiac
Operative Risk Evaluation
eGFR = estimated glomerular filtration rate

GFR = glomerular filtration rate

MDRD = Modification of Diet for Renal
Disease

sMDRD = simplified Modification of Diet for

Renal Disease

collected included medical history, cardiac risk factors, operative details,
symptom status, and sufficient data to calculate the logistic euroSCORE.®
The primary outcome measure was the interval to death from any cause.
Patients undergoing transplantation and ventricular assist device implanta-
tion were excluded. The Prince Charles Hospital Human Research and
Ethics Committee and the Ethics Committee of the National Death Index,
Australian Institute of Health and Welfare approved the present study. The
approval included a waiver of informed patient consent. The patients who
underwent more than 1 cardiac surgical procedure during the same hospi-
talization were counted as single cases. The definitions of the variables
used were the same as those defined by the euroSCORE, unless otherwise
specified.

The demographic and clinical data were recorded at surgery and inten-
sive care admission by trained data collectors. The date of death was ob-
tained from the National Death Index, Australian Institute of Health and
Welfare using a matching algorithm, as previously described.” The date
of censoring was February 14,2007, unless otherwise specified. All records
were de-identified as a part of the protocol before analysis. Data quality as-
surance consisted of a manual review of a sample of medical records, to-
gether with hospital administrative data.

Plasma Creatinine Level and Determination of
Estimated GFR

The preoperative creatinine levels, reported in micromoles per liter,
were obtained as the most recent serum creatinine levels before surgery.
Those values were divided by a conversion factor of 88.4 to obtain the
values in milligrams per deciliter. After conversion, the upper limit for
a normal plasma creatinine level was 1.13 mg/dl (110 umol/L) for women
and 1.24 mg/dL (120 umol/L) for men. The estimated GFR (eGFR) was
estimated using the SMDRD equation. This is a 4-variable formula devel-
oped by Levey et al'* and adjusted for each 1.73 m* of body surface area:

For men:

186.3 X serum creatinine level (mg/ dL)H‘m) X age 0209
For women:
186.3 X serum creatinine level (mg/dL) ™% X aget02%%) x 0.742

No correction was done for aboriginal or Torres Strait Islander ethnic-
ity. Although no single normal value of eGFR is applicable to all patients,
according to the Kidney Disease Outcomes Quality Initiative for Chronic
Kidney Disease,'> 90 mL/min/1.73 m? has been accepted as the normal
value for patients of all ages and both genders. The GFR was categorized
into greater than 90 mL/min, 60 to 89 mL/min, 30 to 59 mL/min, less
than 30 mL/min, and dialysis-dependent renal failure if the patient re-
quired a preoperative dialysis program. Those patients who required

acute dialysis preoperatively were classified as having a GFR less than
30 mL/min.

Statistical Analysis

Normally distributed continuous data are presented as the mean =+ stan-
dard deviation and non-normal data as the median and interquartile range.
Categorical data are summarized using absolute values and percentages.
Long-term survival was described using the Kaplan-Meier product limit
method, and comparisons were made using the log-rank statistic. Statistical
analyses were performed using Stata, version 11.0 (StataCorp, College Sta-
tion, Tex).

The estimation of the effect of preoperative renal function on the inter-
val to death was determined using Cox proportional hazards regression
analysis. In the multivariate preoperative model, the logistic euroSCORE
was used as a single variable expressed as a percentage, and the diabetes
status was included. The diabetes status, which is not contained in the euro-
SCORE, was categorized as no diabetes, diet-controlled diabetes,
noninsulin-dependent diabetes, and insulin-dependent diabetes according
to the preoperative status. A second multivariate model was created using
the pre- and intraoperative variables, specifically the euroSCORE and the
cardiopulmonary bypass time. The euroSCORE has recently been shown
to be a good predictor of intermediate-term mortality.

RESULTS

A total of 5343 patients from 2002 to 2005 met the inclu-
sion criteria. The data were incomplete in 46 patients of
those treated from 2002 to 2005; thus, the detailed study co-
hort included 5297 patients.

In the main study sample from 2002 to 2005, the median
age was 66 years (range, 18-92). The characteristics of the
patients treated from 2002 to 2005 are listed in Table 1. Im-
portant differences were present in the preoperative charac-
teristics of the patients with severe renal dysfunction (<30
mL/min/1.73 m?) compared with those of the other groups.
The patients with severe renal dysfunction were more likely
to be women and to have diabetes, peripheral vascular dis-
ease, or chronic pulmonary disease. They were also more
likely to have had previous myocardial infarction within
90 days. The mean predicted euroSCORE risk of death
was greater for the severe renal dysfunction group. The pa-
tients with severe renal dysfunction were more likely to un-
dergo more complex surgery than the other groups. Patients
in the dialysis-dependent renal failure (DDRF) group had
a greater incidence of endocarditis. Patients with mild renal
dysfunction were more likely to have unstable angina.

The mean preoperative creatine level was 105 mmol/L.
The median eGFR was 68 mL/min/1.73 m® (interquartile
range, 56-81). The female patients had a mean eGFR of
64 + 23 mlL/min/1.73 mz, and the male patients had
a mean eGFR of 71 4 21 mL/min/1.73 m?.

The vital status of the patients was obtained at a mean of
2.9 years (range, 1-5) postoperatively. There were 15,467
person-years of follow-up. Of the 5297 patients, 426 died
(8% mortality), of these deaths, 343 were after acute care
discharge (Table 2). The actuarial 1-year survival rate for
the sample was 96% =+ 1%, and the 3-year survival rate
was 92% =+ 1%. Figure 1 shows the Kaplan-Meier survival
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TABLE 1. Preoperative patient characteristics by degree of impaired renal function for 2002-2005

Normal Mild Moderate Severe
(>90 mL/min/1.73 m?*; (60-90 mL/min/1.73 m%* (30-59 mL/min/1.73 m?* (<30 mL/min/1.73 m*; DDRF
Variable n = 816) n = 2777) n = 1533) n = 120) (n = 51)

Mean age (y) 55 63 70 69 59
Gender (% female) 24 22 41 48 28
Mean BSA (m?) 1.92 1.93 1.87 1.86 1.87
Diabetes (%) 20.5 21.2 28.1 36.7 27.5
Mean serum creatinine (umole/L) 70 92 123 242 467
Vascular disease (%) 7.8 13.1 20.6 28.3 17.6
Chronic pulmonary disease (%) 12.9 12.9 15.6 16.7 15.7
Neurologic dysfunction (%) 1.6 1.3 2.3 5 2
Ejection fraction <30% 2.3 2.6 5.1 6.7 39
Ejection fraction 30%-50% 15.3 18 21.2 28.3 23.5
Critical preoperative state (%) 33 2.1 53 275 275
Unstable angina (%) 6 49 4.8 2.5 2
Previous MI (%) 20 23.9 24.7 39.1 37.5
Emergency or salvage surgery (%) 2.4 3 39 10 39
Reoperation (%) 129 11 144 21.6 13.7
Endocarditis (%) 2 1 1.7 15 19.6
Logistic euroSCORE ROD (%) 4.2 5.3 9.5 22.1 14.1
CABG (%) 69 78 76 68 69
Aortic valve surgery (%) 21 20 26 33 25
Mitral (%) 17 15 20 33 24
Tricuspid (%) 2 2 4 7 10
Pulmonary (%) 1.2 0.4 0.3 0 0
Thoracic aorta (including 7 5 4 5 8

ascending, arch, and
descending aorta) (%)

BSA, Body surface area; CABG, coronary artery bypass grafting; DDRF, dialysis-dependent renal failure; euroSCORE, European System for Cardiac Operative Risk Evaluation;

MI, myocardial infarction; ROD, risk of death.

curves for the study sample stratified by the preoperative
eGFR. The greatest early mortality occurred in the severe
renal dysfunction group; however, the DDRF group showed
increased mortality over time compared with the other
groups. The long-term follow-up with crude mortality clas-
sified by preoperative renal dysfunction was 4.2%, with
2272 person-years of follow-up in the normal group;
5.3%, with 8378 person-years of follow-up in the mild
group; 13%, with 4388 person-years in the moderate group;
27%, with 304 person-years of follow-up in the severe
group; and 29%, with 123 person-years of follow-up in

TABLE 2. Log-rank test for equality of survivor functions in those
discharged alive from hospital

the DDRF group. An elevated logistic euroSCORE was as-
sociated with a prolonged cardiopulmonary bypass time.
An eGFR of approximately 90 mL/min/1.73 m* was associ-
ated with the best survival outcomes.

DISCUSSION

Using the sSsMDRD equation to categorize the preopera-
tive renal dysfunction, we have evaluated the long-term out-
comes of cardiac surgery. A single-center study of this size
with specific outcome measures has not been performed.

The sMDRD method gives a more accurate estimation of
renal function compared with that by the measurement of
serum creatinine. The euroSCORE and others'* have used
creatinine values greater than 200 umol/L as a marker of de-
creased short-term survival. The GFR associated with a cre-

Variable Events observed (n) Events expected ) 4inine Jevel greater than 200 wmol/L varies with age,
eGFR (mL/min/1.73 m?) gender, and race, and thus, potentially leading to an under-
>90 29 50 estimation of the risk in the elderly.
60-90 122 186 Methods such as the 1 described by Cockcroft and Gault
3;;39 1;7) 9: can lead to an overestimation of GFR in patients with end-
DDRE 15 3 stage renal disease. The eGFR, estimated using the SMDRD
Total 113 3 formula, accounts for age as a variable.

x*(4) = 150.41; Pr > chi* = 0.0000. eGFR, Estimated glomerular filtration rate;
DDREF, dialysis-dependent renal failure.

The present study had a number of limitations. Our study
was from a single center, and the results might not be
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FIGURE 1. The survival of the study sample stratified by preoperative renal function using the simplified Modification of Diet for Renal Disease (MDRD)

formula with follow-up data obtained from the National Death Index. A, The sample from the time of surgery. B, The actuarial survival for those discharged
alive from the hospital. DDRF, Dialysis-dependent renal failure.

generalizable to other hospitals. A new scoring system, the
euroSCORE II,6 has been recently validated. It includes
variables such as the eGFR (using the Cockcroft-Gault
method) and diabetes status. It has been shown that the pre-
vious model overpredicted short-term mortality. Its use in
predicting long-term mortality has not yet been evaluated.

The mortality was 8% at a mean of 2.9 years, limiting the
ability to define median survival. We used data linkage
without a unique identifier to determine the vital status,
for which the estimates of accuracy have varied from
89% to 98%. This method has been used previously to es-
timate long-term survival after intensive care.'® We did not
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TABLE 3. Cox proportional hazards model of the association of
preoperative eGFR with long-term survival in patients discharged
alive from hospital after cardiac surgery without and with risk
adjustment

Variable HR SE z P>zl 95%CI
Without risk adjustment
eGFR category
(mL/min/1.73 m?)
>90 1
60-90 1.2 0.27 098 326 0.81-1.91
30-59 32 0.7 539 0 2.10-4.91
<30 6.3 1.9 6.14 0 3.51-11.37
DDRF 10.7 3.55 7.08 0 5.53-20.47
With risk adjustment
Comorbidity
Age (y) 1.036 0.007 553 0 1.02-1.05
Vascular disease 1.9 0.25 481 0 1.46-2.44
COPD 1.9 0.24 484 0 1.45-2.42
Neurologic 2.7 0.75 361 0 1.58-4.65
Ejection fraction 1.8 0.23 488 0 1.44-2.34
30%-50%
Ejection fraction <30% 1.9 0.47 277  .006 1.21-3.1
Recent myocardial 1.5 0.22 3.16  .002 1.18-2.02
infarction
Surgical complexity
CABG only 1
Single valve 1.07 0.2 0.39 i 0.75-1.54
1 valve +CABG 1.3 0.21 1.66 .1 0.95-1.78
>2 valves with or 1.9 0.39 3.32 001  1.31-2.89
without CABG
Aortic wall surgery 1.6 0.41 1.78 075 0.95-2.64
Reoperation 1.7 0.26 34 .001  1.25-2.27
eGFR category
(mL/min/1.73 m*)
>90 1
60-90 0.9 02 046 64 0.58-14
30-59 1.6 0.37 2.01 .05 1.01-2.5
<30 2.6 0.81 3.03  .002 1.4-4.79
DDRF 6.9 2.32 57 0 3.54-13.34

CABG, Coronary artery bypass grafting; CI, confidence interval; COPD, chronic
obstructive pulmonary disease; DDRF, dialysis-dependent renal failure; eGFR,
estimated glomerular filtration rate; HR, hazard ratio; SE, standard error.

measure known renal-specific prognostic factors such as
urinary protein nor did we assess for microalbuminuria.

The Kaplan-Meier survival curves have demonstrated
greater early mortality rates in the severe renal dysfunction
group compared with the unexpectedly low rates in the
DDREF group. This might have resulted from the patient se-
lection practices, because the severe renal dysfunction group
had a much greater logistic euroSCORE than the DDRF
group. However, the DDRF group then showed a steep de-
cline in survival, consistent with the published data from pa-
tients after myocardial infarction and cardiac surgery.

The 2 groups with an eGFR of 60 to 90 and greater than
90 mL/min/1.73 m? have shown similar survival curves. A
distinct decrease in survival was found at an eGFR of 30 to

59 mL/min/1.73 m>. However, when the eGFR was adjusted
for the severity of illness, operative factors, and diabetes
status, a linear decrease was found in survival as the
eGFR decreased.

In the present study, 62% of patients underwent coronary
artery surgery alone and 38% underwent additional proce-
dures. In contrast, Hills et al'’ had 11% patients who under-
went additional procedures, and Filsoufi et al'* had only
43.7% of 6449 patients who underwent isolated coronary
artery bypass grafting.

The patients with more severe degrees of renal dysfunc-
tion underwent more complex surgery, which could lead to
additional worsening of renal function (Table 1).

Filsoufi et al'® reported a similar finding, using a creati-
nine value of 2.5 mg/dL to define nondialysis-dependent re-
nal failure.

There are several statistical points to note. The euro-
SCORE includes patient age and creatinine as variables
and is widely used for risk adjustment in cardiac surgery.
Hence, a multivariate model using the euroSCORE could
reduce the ability to detect the effect of eGFR and might un-
derestimate the long-term risk. However, the effect of eGFR
remained statistically significant, even when the euro-
SCORE was included. We included a proportional hazards
model, expressed as hazard ratios, with the patients with an
eGFR greater than 90 mL/min/1.73 m? as the reference
group (Table 3). The Cox model is widely used for survival
analysis and is considered robust for not meeting the as-
sumption of proportional hazards. The overall fit might be
improved by the use of fractional polynomial regression
of continuous covariates, as described by Royston and Par-
mar'® or the use of cubic splines to model the baseline haz-
ard at the expense of the complexity of the interpretation.

Previously, we have shown increased in-hospital mortal-
ity and increased hospital and intensive care unit lengths of
stay for patients with renal dysfunction undergoing cardiac
surgery.' ! The present study has added to that work by dem-
onstrating reduced long-term survival as the eGFR de-
creased. This has been seen in other studies'® of patients
with moderate and end-stage renal failure. Others have
shown improved survival in DDRF patients undergoing
off-pump compared with those with undergoing on-pump
CABG.?° Sajja and colleagues®' demonstrated the deleteri-
ous effect of on-pump CABG in the preoperative
nondialysis-dependent renal failure patient population.
They also concluded that sMDRD was a more sensitive in-
vestigation than the serum creatinine level for assessing re-
nal insufficiency.

Stoves and colleagues®* concluded that the MDRD equa-
tion tends to underestimate the GFR in those with normal
renal function (eGFR >90 mL/min/1.73 m?). This can cause
misclassification and lead to a decreased effect size in the
mild category, resulting in less differentiation between the
mild and normal categories. Despite this, the eGFR is

94 The Journal of Thoracic and Cardiovascular Surgery « July 2013



Dhanani et al

Acquired Cardiovascular Disease

widely accepted as a measure of preoperative renal function
for this population.”?

We have calculated the eGFR using the previously rec-
ommended equation in which the serum creatinine compo-
nent is multiplied by 186. This equation has since been
modified** owing to discrepancies between the assay used
to establish the formula and those now produced to stan-
dardized recommendations. The serum creatinine compo-
nent is now multiplied by 175. This could lead to
misclassification. However, a good correlation between
the 2 methods has been seen.”

CONCLUSIONS

Preoperative renal dysfunction as measured by creatinine
and eGFR is an independent predictor of the interval to
death for patients undergoing cardiac surgery.

The authors acknowledge and thank J. Johnson, data manager,
intensive care unit, Associate Professor Adrian Barnett, statisti-
cian, and S. Smith, Cardiac Surgical Register Coordinator, for their
contributions to our study.
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