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Abstract  
                                                                 
Postoperative renal function deterioration is a serious complication after cardiac 
surgery with cardiopulmonary bypass (CPB) and is associated with increased in-
hospital mortality. However, the long-term prognosis of patients with postoperative 
renal deterioration is not fully determined yet. Therefore, we studied both in-
hospital mortality and long-term survival in patients with postoperative renal 
function deterioration. Included were 843 patients who underwent cardiac surgery 
with CPB in 1991. Postoperative renal function deterioration (increase in serum 
creatinine in the first postoperative week of at least 25%) occurred in 145 patients 
(17.2%). In these patients in-hospital mortality was 14.5%, versus 1,1% in patients 
without renal function deterioration (p<0.001). Multivariate analysis significantly 
associated in-hospital mortality with postoperative renal function deterioration, re-
exploration, postoperative cerebral stroke, duration of operation, age, and diabetes. 
In patients discharged alive, during long-term follow-up (100 months) mortality 
was significantly increased in the patients with renal function deterioration (n=124) 
as compared to those without renal function deterioration (hazard ratio 1.83; 95% 
CI 1.38-3.20). Also after adjustment for other independently associated factors, 
the risk for mortality in subjects with postoperative renal function deterioration 
remained elevated (hazard ratio 1.63; 95% CI 1.15-2.32). The elevated risk for long-
term mortality was independent of whether or not renal function had recovered at 
discharge from hospital. We conclude that postoperative renal function deterioration 
in cardiac surgical patients results not only in increased in-hospital mortality, but also 
adversely affects long-term survival. 
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Introduction

Postoperative renal function deterioration is a serious complication following cardiac 
surgery with cardiopulmonary bypass (CPB) and is associated with increased in-
hospital morbidity and mortality.1 The reported incidence rate of this complication 
ranges from from 2.9 to 7.7 %.1,2 Risk factors for the development of postoperative 
renal function deterioration include elevated preoperative serum creatinine, duration 
of CPB, carotid artery murmur, diabetes, increased age, poor left ventricular function 
and increased body weight.3 Most studies in cardiac surgical patients focused on 
risk factors for postoperative renal function deterioration and its associated in-
hospital morbidity and mortality. However, the long-term prognosis of patients with 
postoperative renal function deterioration remains unclear as data on long-term 
survival are not available so far. Therefore, we studied not only in-hospital mortality 
but also long-term survival in patients with postoperative renal function deterioration 
as compared to patients without postoperative renal function deterioration in a cohort 
of all consecutive cardiac surgical patients operated with CPB at our institution in 
1991. 

Patients and methods

Institutional approval was obtained and the need for informed consent was waived. 
All consecutive adult patients who underwent elective or emergency cardiac surgery 
with CPB in 1991 at our tertiary care hospital entered the study. Patients on dialysis 
prior to cardiac surgery were excluded from further analysis (n=6). Included were 
843 consecutive patients, and the data of ICU charts and anesthesia records of these 
patients were entered into a database. The following variables were assessed:
Preoperative data. Age, length, sex, body mass index (BMI), cerebral vascular 
disease (previous stroke and/or transient ischemic attack), peripheral vascular 
disease (exertional claudication and/or prior revascularization procedure and/or 
angiographic evidence of arterial obstruction), diabetes mellitus (requiring therapy 
with oral agent or insulin), hypertension requiring therapy, preoperative serum 
creatinine ( serum creatinine was obtained the day before surgery, and in emergency 
cases just before surgery), congestive heart failure, prior myocardial infarction, intra-
aortic balloon counter pulsation (IABP), emergency operation, radiocontrast within 
one week before surgery, and prior cardiac operation. The Cockroft-Gault formula 
was used to estimate preoperative creatinine clearance.4

Intraoperative data. Type of surgical procedure, duration of CPB, duration of 
operation, duration of perfusion pressure below 50 mm Hg, and urine output during 
operation.
Postoperative data. Surgical re-exploration for bleeding or cardiac tamponade, 
myocardial infarction, serum creatinine at the first, second, seventh postoperative day, 
and at discharge from the hospital, cerebral stroke, IABP, length of stay in the intensive 
care unit, dialysis, low cardiac output syndrome (cardiac index < 2.2 L/min/m2), 
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in-hospital mortality. Postoperative renal function deterioration was defined as an 
increase in the serum creatinine level in the first postoperative week of at least 25 
% from the preoperative level. The postoperative day of maximal renal function 
deterioration was assessed. In all the patients discharge creatinine was compared with 
the preoperative value and an increase or decrease from the preoperative level was 
assessed.

Long-term follow up data.
In April 1999 the vital status of all patients was ascertained by extracting data from 
the patient charts of the outpatient clinic or by contacting the general practitioner of 
the patient. If a patient had died during follow up, the date of death was established. 

Anesthesia, CPB and ICU management. 
Anesthesia was performed according to a set protocol.5 Nonpulsatile CPB was 
performed with a roller pump and membrane oxygenator (Cobe Excel, Lakewood, 
CO, USA). Moderate hypothermia was used in all patients. Cold St. Thomas solution 
was used to maintain cardioplegic arrest. Mean arterial pressure was allowed to vary 
between 50 and 90 mm Hg during bypass. In the intensive care unit patients were 
managed according to a set protocol targeted at a cardiac index ≥ 2.2 l/min/m2 and 
a urine production of ≥ 1 ml/kg/hour. Indications for initiation of renal replacement 
therapy were: signs and symptoms of extra cellular volume overload, azotemia, 
hyperkalemia, and uncorrectable metabolic acidosis 

Statistical analysis. 
All analyses were performed using SPSS 10.0 for Windows. Data are given as mean 
± SD Univariate testing of variables between two groups was performed with the 
Student t-test for continuous variables and the chi-square test for discrete variables. 
Backward logistic multivariate analysis was used to test the independent association of 
in hospital-mortality with different variables. Variables with a p<0.1 in the univariate 
analysis were included in the multivariate analysis.. In the patients discharged alive 
long-term outcome was studied with Kaplan-Meier survival analysis and the log 
rank test was used to compare survival in the groups and hazard ratios and 95% 
confidence intervals (95%CI) were estimated for long-term mortality. The possible 
influence of postoperative renal function deterioration was analyzed by comparing 
survival between groups with or without a >= 25% increase in serum creatinine. In 
addition, the effect of an increase in serum creatinine at hospital discharge compared 
to the preoperative level on mortality was analyzed for the whole group and was 
separately analyzed in the subgroups with or without postoperative renal function 
deterioration. Cox regression analysis was used to test the independent association 
of long-term survival with different variables in the patients who survived the 
hospitalization. Backward variable selection was used until only significant covariates 
(p<0.05) remained in the model. Hazard ratios and 95% confidence intervals (95% 
CI) were estimated for independent risk factors. Statistical significance was accepted 
at a two-sided p<0.05.                                                                   
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Results

Clinical characteristics, operative and postoperative variables of the cohort (n=843) 
are shown in Tables 1 and 2, dichotomized according to presence or absence of 
postoperative renal function deterioration. Postoperative renal function deterioration, 
defined as an increase of 25% in serum creatinine at one or more days in the first 
postoperative week, occurred in 145 patients (17.2%). The time of development of 
renal function deterioration was in 37.5% of the patients on the first postoperative day, 
in 38% of the patients on the second postoperative day, and in 24.5% of the patients 
on the seventh postoperative day. On univariate analysis the groups with and without 
postoperative renal function deterioration were different as to age, emergency operation, 
preoperative IABP (pre-operative characteristics, Table 1), type of surgery, duration of 
operation, duration of CPB, occurrence of postoperative low cardiac output state, need 
for postoperative IABP, and postoperative surgical revision for bleeding (intra- and 
postoperative characteristics, Table 2).
For the whole cohort in-hospital mortality was 3.4% (n=29). In the group with 
renal function deterioration in-hospital mortality was 14.5% (n=21) versus 1.1% 
(n=8) in the group without renal function deterioration (p<0.001). The causes of 
death in the group with renal function deterioration and in the group without renal 
function deterioration were respectively: intractable low cardiac output state 12 and 7, 

Table 1. Baseline preoperative clinical characteristics

no renal function 
deterioration

renal function 
deterioration

p value

No. of patients   698    145

Age (yrs) 62.6±10.6  64.7±11.3 0.04

Male/female 505/193   108/37 0.6

BMI (kg/m2) 25.6±3.0  25.7±2.8 0.79

Preoperative Cr (µmol/l)  101±24.1 104.4±39.9 0.31

Cockroft-Gault clearance (ml/min) 71.9±21.7  71.5±29.3 0.84

Preoperative CVA (%)  32 (4.5)   12 (8.2) 0.069

Diabetes mellitus (%)  72 (10.3)   22 (15.1) 0.091

Hypertension (%) 161 (23.1)  34 (23.4) 0.921

Peripheral vascular disease (%)  77 (11.0)   20 (13.7) 0.343

Congestive heart failure (%)  51 (7.3)   17 (11.7) 0.075

Preoperative myocardial infarction (%) 291 (41.6)  58 (40.0) 0.707
Radiocontrast < 1 week prior surgery 
(%)

158 (22.6)  41 (28.3) 0.146

Emergency operation (%)  52 (7.4)   23 (15.8) 0.001

Preoperative IABP (%)   3 (0.4)   3 (2.0) 0.033

Data are mean ± SD                                                       
BMI, body mass index; CVA, cerebral stroke; preoperative Cr, preoperative serum creatinine; IABP, intra 
aortic balloon counterpulsation; Cr, serum creatinine.
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cerebrovascular stroke 5 and 1. In addition, in the renal function deterioration group 
two patients died of sepsis, one patient died of rupture of the thoracic aorta, and 
one patient died of rupture of the ventricular septum. Accordingly, postoperative 
renal function deterioration carried a hazard ratio of 12.6 (95% CI 5.7-27.0) for in-
hospital mortality. Renal replacement therapy was required in 6 patients (0.7%), who 
were all in the postoperative renal function deterioration group. Five of these patients 
died during their hospital stay. Finally, patients with renal function deterioration had 
a nearly four times longer ICU stay than those who did not (p<0.001). 
Preoperative renal function, either measured by serum creatinine levels or creatinine 
clearance estimated by the Cockroft-Gault formula, was not significantly different 
between both groups (Table 1). Serum creatinine at discharge from the hospital, 
however, was significantly higher in the subjects with renal function deterioration 
during the first postoperative week (p<0.001). In the group with renal function 
deterioration the creatinine at discharge was higher than the preoperative value 
in 32% of the patients, as compared to 20% in the control group (p= 0.0032). 
Logistic regression analysis revealed that in-hospital mortality was associated with 
renal function deterioration in the first operative week, re-exploration, postoperative 
cerebral stroke, duration of operation, age, and diabetes (Table 3). 

Table 2. Intraoperative and postoperative variables

no renal function 
deterioration

renal function 
deterioration

p value

No. of patients   698    145

Type of surgery (%)

 Coronary artery bypass grafting  546 (78.2)  95 (65.5) 0.001

 Valve replacement   94 (13.5)  21 (14.5) 0.75

 Combined procedure   58 (8.3)  29 (20.0) <0.001

Duration of operation (mins) 210.5±64.8  239.2±96.4 0.001

Duration of CPB (mins) 100.1±42.2  123.9±62.0 <0.001

Perioperative diuresis (ml/kg/hr)   4.1±2.6     3.9±2.4 0.286

Highest Postop Cr (µmol/l) 103.4±26.2    182.9±114.4 <0.001

Cr change (%)      2.7±12.2           76±103.0 <0.001

Hospital discharge Cr (µmol/l)   93.7±21.4  111.1±44.2 <0.001

LOS (days)   1.4±2.5       5.2±11.5 <0.001

Postop IABP (%)   10 (1.4)   11 (7.5) <0.001

Re-exploration (%)   24 (3.4)  22 (15.2) <0.001

Postop low output syndrome (%)   20 (2.8)   13 (9.0) 0.001

Postop myocardial infarction (%)   16 (2.3)   5 (3.4) 0.416

Postop CVA (%)    7 (1.0)   5 (3.4) 0.024

In-hospital mortality (%)    8 (1.1)  21 (14.5) <0.001

Data are mean ± SD                                                       
 CVA, cerebral stroke; IABP, intra aortic balloon counterpulsation; CPB, cardiopulmonary bypass; Cr, 
serum creatinine; LOS, length of stay in the intensive care unit. 
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To analyze the influence of postoperative renal function deterioration on long-term 
survival, we compared the groups of patients discharged alive with and without 
postoperative renal function deterioration. Kaplan-Meier survival analysis with a 
complete follow-up time of 100 months in 99.1% of the patients revealed a significant 
difference in survival between patients with and without postoperative renal function 
deterioration (p=0.005 by log rank test; Fig 1). Postoperative renal function 
deterioration carried an HR of 1.83 (95% CI 1.38-3.20) for long-term mortality. 
Among the patients with postoperative renal function deterioration, mortality was 
not different for subjects in whom creatinine was still above the preoperative value at 
discharge, as compared to those in whom serum creatinine level had returned to the 

Table 3. Independent predictive factors in logistic regression analysis for in-hospital mortality after 
cardiac surgery.

Variable Hazard ratio (95% CI) P value

Postoperative renal function deterioration   7.8 (3.1-20.0) <0.001

Re-exploration   4.5 (1.5-13.2) 0.006

Postoperative cerebral stroke    27.7(5.4-142.0) <0.001

Duration of operation (min)      1.008 (1.004-1.013) <0.001

Diabetes 3.1 (1.1-8.7) 0.032

Age (yr)      1.074 (1.017-1.133) 0.010
       

2   
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Figure 1. Kaplan-Meier survival curves for patients discharged alive with and without postoperative 
renal function deterioration.



68

Chapter 5

preoperative level or below (HR 1.22; 95% CI 0.64-2.37; Fig 2). In both the group 
with discharge creatinine returned to preoperative levels (n=84) and the group with 
elevated discharge serum creatinine (n=40), the risk for mortality during long-
term follow-up was significantly higher compared to patients without postoperative 
renal function deterioration (n=690; HR 1.71; 95% CI 1.17-3.21, and HR 2.08; 
95% CI 1.35-5.81, respectively). Also in the group patients without postoperative 
renal function deterioration (n=690), no difference in mortality was found between 
patients discharged with a serum creatinine above the preoperative level compared 
to those discharged with a serum creatinine at or below the preoperative level (HR 
0.84; 95% CI 0.59-1.20).                                                 
Using Cox proportional hazards analysis the association of postoperative renal 
function deterioration was adjusted for possible other variables associated with 
mortality during long-term follow up. After adjusting for the effect of age, peripheral 
vascular disease, operation time and preoperative renal function estimated by the 
Cockroft-Gault formula (Table 4), postoperative renal function deterioration was still 
highly significantly associated with mortality with an HR of 1.63 (95% CI 1.15-
2.32). Again, the association of mortality was comparable between patients with 
postoperative renal deterioration in whom discharge creatinine had improved to or 
below the preoperative level (HR 1.66; 95% CI 1.09-2.53) and those not returned 
to the preoperative level at discharge (HR 1.72; 95% CI 1.00-2.96). No patient 
developed end-stage renal failure during long-term follow-up. 
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Figure 2. Kaplan-Meier survival curves for patients with postoperative renal function deterioration 
discharged alive according to serum creatinine returned to preoperative level. 
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Discussion

We found that postoperative renal function deterioration during the first postoperative 
week in cardiac surgical patients was an independent risk factor not only for in-
hospital mortality but also for long-term mortality. The immediate and small decline 
in renal function is associated with an increased long-term mortality risk. This 
increased long-term mortality risk is not modified by the recovery of renal function 
at discharge from the hospital as evidenced by the same mortality risk in patients with 
discharge creatinine returned to preoperative value or not. Thus, perioperative renal 
function impairment, whether transient or not, predicts a higher long-term mortality 
risk in cardiac surgical patients. The association of postoperative renal dysfunction 
after cardiac surgery with early mortality 6-8 is in line with previous studies with a 
limited follow-up,6 but our study is the first to show that post-operative renal function 
deterioration has long-term prognostic impact as well. 
The group with postoperative renal function deterioration was slightly older than the 
other group - but no prominent other differences in a priori patient factors were present, 
as differences in diabetes, pre-operative CVA and congestive heart failure were only 
of borderline significance. The main differences between the groups point towards a 
more serious perioperative course, both regarding severity and duration of operation 
and CPB as such, as well as the incidence and severity of various complications, e.g., 
re-exploration, IABP, and low output syndrome. These risk factors for renal function 
deterioration in our study are in line with other studies.9 Thus, patients with renal 
function deterioration have a more complicated perioperative course, associated 
with a higher in-hospital mortality. The perioperative complications, in particular 
those with impact on hemodynamic stability, may well have played a causal role 
in the renal function deterioration. Prior studies suggested that preoperative renal 
function impairment is a risk factor for postoperative renal function deterioration and 
mortality after cardiac surgery.1,3 In our population we did not find such an association 
between preoperative renal function and postoperative renal function deterioration. 
This finding may be due to patient selection, definition used of postoperative renal 
function deterioration, and perioperative patient management.  
The incidence of postoperative renal function deterioration in our study was 17.2%, 
which is in line with data by Ryckwaert et al.10 Of note, the criteria used for renal 

Table 4. Independent predictive factors in Cox proportional hazards analysis for long-term mortality 
after cardiac surgery.

Variable Hazard ratio (95% CI) P value

Postoperative renal function deterioration   1.63 (1.15-2.32) 0.006

Peripheral vascular disease   1.75 (1.18-2.59) 0.005

Preoperative creatinine clearance (ml/min) 0.99 (0.98-1.0) 0.005

Duration of operation (min)      1.004 (1.002-1.006) 0.001

Age (yr)   1.06 (1.04-1.09) <0.001
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function deterioration can affect the reported incidence of renal function deteriora-
tion. Some studies use the change in creatinine from baseline 3 whereas others use the 
absolute postoperative creatinine value plus the change in creatinine.1 We defined renal 
function deterioration as a rise in serum creatinine of at least 25% from baseline in 
the first postoperative week, representing a fall of at least 20% in GFR.10 Considering 
the increasing recognition of the prognostic impact of postoperative renal dysfunc-
tion,1,3,9-11 future studies on this issue are needed and these may well benefit from 
consensus on the criteria for postoperative renal dysfunction.12 Nevertheless, so far, 
in spite of the use of different criteria, remarkably similar results were reported with 
respect to in-hospital morbidity and mortality.1,3,10

In our study in-hospital mortality rate was 3.4%, which is comparable to the 
mortality rate of 2.5% and 4.3% reported by others.7,8 In our group with renal 
function deterioration hospital mortality rate was 14.5%. Abrahamov et al.9 reported 
a mortality rate of 30% during the first postoperative month in the renal function 
deterioration group. In our small group of patients requiring dialysis mortality was 
extremely high (83.3%). Similarly, Osterman et al.13 and Chertowet al.6 reported a 
mortality rate of 53.8% respectively 63.7% for cardiac surgical patients with acute 
renal failure that required dialysis. Risk factors for in-hospital mortality other than 
renal function deterioration in our study were age, diabetes mellitus, re-exploration, 
postoperative stroke, and duration of operation, which are in line with other studies 
that found postoperative renal dysfunction9,14,15 and cerebral stroke after cardiac surgery 
to predict hospital mortality.15,16 The stay in the intensive care unit for our patients 
with postoperative renal function deterioration was fourfold that in patients without 
postoperative renal function deterioration, indicating increased hospital resources 
utilization, which is in accordance with recent data by Mangano et al.1 Taken together, 
the clinical course in our population appears to be in line with that in other groups. 
The main finding of our study is the difference in long-term mortality between 
patients with and without postoperative renal function deterioration. This analysis was 
performed for patients who were discharged alive. Thus, it reflects true long-term risk, 
rather than a lasting difference between groups elicited by differences in early risk, 
which underlines the impact of our observation. We have no data on cause of death, so 
our analysis only applies to all-cause mortality; further exploration of the underlying 
mechanisms and possible strategies for intervention would benefit from more detailed 
data on cause of death. 
In all patients, long-term mortality was associated with preoperative creatinine clear-
ance. The long-term prognostic impact of preoperative renal function is in line with 
recent studies showing that renal function impairment - even if mild - is an indepen-
dent risk factor for cardiovascular and overall mortality, in several populations with 
cardiovascular disease.17-19 Accordingly, if postoperative renal function deterioration 
would lead to a persistent loss of renal function, the resulting renal function impair-
ment could account for the increased risk. However, this does not seem to apply to our 
data, as the increased risk was similarly present in subjects in whom the renal function 
deterioration was transient, as evidenced by a return of serum creatinine to baseline. 
Which mechanisms could be involved in the increased long-term risk in subjects 
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with renal function deterioration? First, renal function deterioration might reflect 
the more complicated perioperative course, and the consequent more severe insults 
on the patients condition. Postoperative renal function deterioration was associated 
with poor cardiovascular performance as indicated by low cardiac output state and 
increased need for intra-aortic balloon pump support. These postoperative events of 
hemodynamic instability and poor cardiac performance may further compromise 
renal perfusion and probably enhance the effect of renal ischemic insults occurring 
during cardiopulmonary bypass.20,21 If the severity of the insult would explain the 
impact on mortality, one would expect that the difference in prognosis becomes 
manifest already from the start - whereas in fact the differences in mortality become 
manifest only after 4 to 5 years of follow-up. However, selection of the patients 
eligible for long-term follow-up, due to the difference in in-hospital mortality, may 
account for this. Second, the renal function deterioration might reflect the overall 
vulnerability of the patient faced with the challenge of complicated surgery. Here, 
the same considerations on time course, and the potential impact of selection apply. 
Finally, it is logical to assume that a combination of both factors is involved. 
We conclude that not only short-term mortality, but also long-term mortality is 
enhanced in cardiac surgery patients with postoperative renal function deterioration. 
Thus, postoperative renal function deterioration identifies subjects at an increased 
long term risk - which could serve to identify subjects that require specific preventive 
measures during follow-up.1,3 Preferably, however, high risk subjects should be 
identified already before operation - as this might allow to prevent or ameliorate renal 
function deterioration by adaptation of the treatment regimen. Several risk factors 
identified in the present study (age, IABP, emergency operation, type of procure) 
may be useful to that purpose. Prospective studies will have to elucidate whether 
preventive measures - either adaptation of surgical or anaesthetic procedures, or 
specific intervention aimed at renal function preservation - will succeed in preventing 
postoperative renal function deterioration in cardiac surgery patients, and moreover, 
whether this will have impact on short-term and long term morbidity and mortality.
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Editorials

Acute Renal Failure and Cardiac Surgery: Marching 
in Place or Moving Ahead? 

Ravindra L. Mehta 
Division of Nephrology, Department of Medicine, University of California San Diego 

Acute renal failure (ARF) after cardiac surgery is a well recognized complication that 
generally occurs in 1 to 10% of patients.1-4 Patients who develop ARF have higher rates 
of mortality and resource utilization, with the worst values seen in dialyzed patients.5,6  
Emerging evidence suggests that even small changes in creatinine after cardiac surgery 
are associated with significant effects on mortality.7,8 Whether ARF directly causes 
adverse outcomes is not entirely clear; however, an increase in infection and new-
onset sepsis, congestive heart failure, and fluid overload may be contributory.1,7,9-11 
Although the overall incidence of ARF is relatively low, approximately 75,000 cases 
of ARF would have been expected to have developed over a decade, with a significant 
number of patients dying in the hospital, given the increasing frequency of cardiac 
surgery procedures (1.9 million from 1993–2002 in the U.S.).12 The continued 

poor outcomes associated with ARF highlight the importance of two fundamental 
questions: What do we know about the natural history of the disease and can we 
identify high-risk patients preoperatively to allow for appropriate interventions? 

Two articles in this issue provide further insights to this problem. Loef et al. 13 
describe the long-term outcomes of a cohort of cardiac surgery patients treated with 
cardiopulmonary bypass at a single European center. Patients with postoperative ARF 
(defined as >25% change in serum creatinine corresponding to a 20% reduction 
in Cockroft-Gault GFR from baseline within 1 wk post-surgery) not only had an 
increase in in-hospital mortality, confirming previous studies, but also had higher 
mortality rates >5 yr later. The long-term effect persisted even if the creatinine levels 
had returned to baseline at hospital discharge. Similar effects have been reported in 
patients with ARF after percutaneous coronary interventions, where 1-yr mortality is 
significantly higher.14-16 These findings highlight the consequences of renal functional 
deterioration but unfortunately do not shed any light on the potential mechanisms. 
Because ARF after cardiac interventions has a similar pattern and patients with ARF 
post–percutaneous transluminal coronary angioplasty (PTCA) have a higher incidence 

of myocardial infarctions within 1 yr, it is tempting to postulate that the episode of ARF 
may set in motion mechanisms for progression of cardiovascular disease that are well 
recognized in patients with CKD. None of the survivors in the Loef study developed 

ESRD; however, details on the levels of long-term renal function are not provided, 
making it difficult to ascertain whether the episode of ARF was associated with a 
progressive decline in renal function. Thakar et al. 17 address whether preoperative risk 
assessment can identify high-risk patients who will develop ARF requiring dialysis. 
Exploring a large database of >33,000 cardiac surgery patients accumulated over 11 yr 
at the Cleveland Clinic, they identified a cohort of patients with ARF requiring dialysis 
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(defined as >50% decline in Cockroft-Gault GFR from baseline estimates derived 
from creatinine values up to 3 wk before surgery). A predictive model incorporating 
10 variables, which can be determined preoperatively, was developed and validated 

in the dataset and a scoring system was devised that categorizes patients into four 
levels that can identify those destined for ARF requiring dialysis. Although several 
previous publications have identified pre- and intraoperative variables associated with 
a risk for developing ARF and described the factors associated with adverse outcomes, 
they have been limited to in-hospital mortality.18-21 Chertow et al. had developed an 
algorithm to identify patients with ARF using recursive partitioning techniques and, 
while this technique has been validated subsequently in two large data sets, it requires 
knowledge of intraoperative events.22,23 The new scoring system developed by Thakar 
et al.17 utilizes variables that can be identified preoperatively, thereby making it more 
versatile and potentially more useful. 

While these two studies provide new information, whether the knowledge will be 
used to improve the care of cardiac surgery patients is questionable. This skepticism 
is based on an evaluation of the literature in this field. Despite knowledge of the risk 

factors for development of ARF, there has been no reduction in the incidence of the 
disease, and renal protection and treatment strategies have not shown any benefit.24-26 
The lack of progress, though disappointing, offers an opportunity to ascertain why 
we have not been successful. One major reason is the lack of a standard definition for 
ARF.27 Although serum creatinine is widely used as a marker for changes in GFR, the 
criteria used to define ARF is highly variable.28 What level of renal function should be 
labeled as evidence of pre-existing renal insufficiency is an additional consideration 
because this variable has a strong influence on the outcomes. The Loef and Thakar 
studies illustrate these points well because the patients classified as ARF in the two 
datasets are as comparable as tangerines and clementines, similar in nature but clearly 
not the same. The definitions used in these two studies do not match those used in 
the Society of Thoracic Surgeons (STS) database, making comparisons difficult.29 The 
variation in definitions is further compounded by a lack of consensus on indications 
for and timing of dialysis.30 For instance, dialysis could be utilized for indications 
other than a critical reduction in GFR and at varying time points in the disease course. 
The ability of the Thakar scoring system to identify high-risk patients in the Loef 
cohort will thus be influenced by the definitions and the criteria used for dialytic 
intervention. Another emerging concept is that the biologic and clinical responses 
to acute renal injury are not concurrent. Recent studies demonstrate that sensitive 
markers of tubular injury may be altered much earlier than a rise in serum creatinine 
and may allow us to define the time points when injury occurs.31,32 
These observations reinforce the notion that continued progress will require that we 
address several issues. We must develop a standard definition of ARF that is sensitive 
and specific to determine the true incidence of this complication, permit an accurate 
assessment of ARF on outcomes, and allow comparison of patients across centers. 
Emerging biomarkers may need to be incorporated in the definitions and may permit 
identification of earlier time points for intervention. The preoperative risk assessment 
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scores need to be validated prospectively using the standardized definition and should 
incorporate emerging knowledge of the interactions among patient characteristics 
and process of care elements (e.g., mitral valve surgery type).33 Future studies could 
then be designed to identify high-risk individuals based on the score and provide 
timely interventions for prevention or amelioration of renal injury to obtain optimal 
outcomes. A key element is the dissemination of information across the continuum 
of care. This calls for multidisciplinary collaboration among cardiac surgeons, 
nephrologists, and allied personnel involved in patient care who may not be aware of 
study findings published in society journals and may limit the wide adaptation of the 
study findings, resulting in changes in practice. These multidisciplinary interactions 
could be facilitated at the society level by establishing formal collaborations between 
the American Society of Nephrology and the American Thoracic Society for joint 
projects, as has been done with other disciplines. Ultimately these collaborative efforts 
should result in consensus recommendations and evidence-based guidelines that can 
be utilized by caregivers to move ahead. Whether we will march in place or take large 

strides ahead will be influenced by the choices we make. 
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