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Chapter 1

Introduction

Cardiac surgery has evolved substantially over the last few  decades, and advances in  
perioperative and intraoperative care of patients have been achieved. At the present 
time, increasingly elderly and debilitated patients are undergoing cardiopulmonary 
bypass (CPB) operations and these patients may subsequently benefit from an improved 
quality of life and a longer life expectancy. While the mortality rate for cardiac 
surgery is relatively low, patients are at risk from serious postoperative complications. 
Complications include poor cardiac function, infection, gastrointestinal dysfunction, 
acute lung injury, stroke, and postoperative renal dysfunction. In the past, postoperative 
renal dysfunction in cardiovascular patients was  considered to be a relatively minor 
event that recovers with conservative management in most patients. Nowadays, there is 
emerging evidence that postoperative renal dysfunction is an independent predictor for 
morbidity and in-hospital mortality. Likewise, Chertow et al. found that postoperative 
renal failure, requiring dialysis, is an independent risk factor for early mortality 
following cardiac surgery with CPB.1  In addition, recent studies have shown that even 
milder forms of postoperative renal dysfunction are associated with mortality, length 
of stay in the hospital, and increased costs. 2 
While some aspects of the pathophysiology of postoperative renal dysfunction are 
understood, much is still not known. Risk factors associated with postoperative renal 
dysfunction can be divided into patient related factors affecting kidney vulnerability 
and procedure related factors that contribute to renal insult. Until now, the incidence 
of postoperative renal failure and its associated mortality and morbidity have changed 
little in the last decade. While different intraoperative strategies have been developed 
to provide renal protection in patients undergoing cardiovascular procedures, these 
strategies have focussed mainly on the use of drugs such as dopamine, mannitol, and 
frusemide. However, no pharmacological intervention has proven to be renoprotective. 
Taken together, these data highlight the importance of understanding the patho-
physiology of postoperative renal dysfunction, the identification of the patients at 
risk, and the implementation of effective renoprotective therapies that are based on 
well designed clinical trials.  

Incidence and associated mortality of postoperative renal dysfunction
Depending on the definition, the reported incidence of postoperative renal dysfunc-
tion in patients undergoing cardiac surgery with cardiopulmonary bypass ranges from 
2.1 - 28.1% (Table 1). It is important to realise that postoperative renal injury can 
range from occult  reductions of renal reserve, through moderate renal dysfunction, 
to acute renal failure. In its severe form, acute renal failure is fatal if left untreated and 
consequently renal replacement therapy is then always indicated. The in-hospital mor-
tality rates for cardiac surgery with CPB range from 12 to 19% with moderate renal 
injury, and exceed 37.5 % when dialysis is required for acute renal failure (Table 1). 
These outcomes associated with postoperative renal injury have not changed dur-
ing the last decades despite advances in cardiopulmonary bypass technology, dialysis 
techniques, intraoperative haemodynamic monitoring, intensive care management, 
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and antibiotic therapy. An interesting issue is that to date, studies evaluating postop-
erative renal dysfunction after cardiac surgery have been limited to the stay in hospital 
and  the long-term outcome of patients sustaining postoperative renal dysfunction 
has not been studied. 

Table 1. Incidences of renal dysfunction, dialysis, and mortality after cardiac surgery.
Author ref.no No. patients Renal dysfunction Dialysis outcome

Incidence(%) Mortality(%) Incidence(%) Mortality(%)
Abel et al.3     500    21.6    13.8       3     100
Bhat et al.4     490    28.1    10.9       2.2       45
Mangano et al.2   2417      7.7    19       1.4       40
Abrahamov et al.5   2214      2.1 Not reported       1       30
Ryckwaert et al.6     591     15.6     12       1.4       37.5
Provenchere et al.7     649     17.2     27.5      3.2 Not reported
Thakar et al.8 31677     15.7       5.9      1.8       54

Risk factors for postoperative renal dysfunction
In cardiac surgery patients, multiple risk factors may account for the worsening of 
perioperative renal function. Several studies have attempted to define models for pre-
dicting the risk of postoperative renal dysfunction.2,9  Knowledge of patient-related 
and procedure-related risk factors may help to identify subgroups of patients with 
an increased risk for postoperative renal dysfunction (Table 2). The pathogenesis 
of postoperative renal dysfunction associated with cardiac surgery with CPB can be 
divided into preoperative, intraoperative and postoperative events (Table 3). Thus, 
patient related factors and perioperative renal insults may ultimately result in the 
development of renal injury that is manifested by a decrease in glomerular filtration 
rate (GFR) and a rise in serum creatinine concentration. Pre-existing renal dysfunc-
tion is common among patients with cardiovascular disease.10 Several studies empha-
sised the association between preoperative renal dysfunction and poor outcome after 
cardiac surgery.2,6  Patients with preoperative renal dysfunction are at increased risk 
from major complications, including major morbidity and the need for dialysis, 2,9,11 
but are not at a greater risk from renal injury relative to baseline kidney function.12-14                                                                                                                                   
 The use of CPB in cardiac surgery has been associated with changes in renal physiolo-
gy and function. These physiological changes are probably due to; the loss of pulsatile 
blood flow; increases in circulating cathecholamines and inflammatory mediators; 
embolic insults to the kidney; release of free haemoglobin,decreases in renal blood 
flow, and mean arterial pressure during CPB .15-18 Renal blood flow during CPB is not 
autoregulated and varies with pump flow rates and systemic blood pressure.19                                                                                         
The widely used off-pump coronary artery bypass approach to coronary revascu-
larisation has been suggested so as to reduce the incidence of postoperative organ 
dysfunction, including that of the kidney. The use of off-pump techniques results in 
a reduction of the systemic inflammatory response, maintenance of pulsatile blood 
flow and normothermia. Unfortunately, few studies have been published comparing 
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the adverse outcome rates associated with off-and on-pump strategies. 
Many patients scheduled for cardiac surgery have a compromised left ventricular 
(LV) function with a reduced cardiac output and a compromised renal blood flow. 
Even in the absence of obvious preoperative renal dysfunction (normal serum creati-
nine values) these patients may have a reduced ability to maintain a normal GFR and 
fluid homeostasis during the perioperative period. Thus, the preoperative presence 
of a compromised myocardial performance may be a risk factor for postoperative 
renal dysfunction.1 Interestingly, Hillege et al. found that impaired renal function is 
a stronger predictor of mortality than cardiac parameters (LV-ejection fraction) in 
non-surgical patients with severe congestive heart failure.10  Furthermore, they con-
cluded that in a subgroup of patients the compromised renal function was probably 
not caused by cardiac disease, and they speculated that the nephrosclerosis is a sign 
of systemic atherosclerosis. In addition, in a study by Appoo et al. patients with severe 
LV dysfunction undergoing isolated coronary artery bypass surgery had significantly 
greater prevalence of adverse preoperative risk factors, including peripheral vascular 
disease, renal insufficiency, diabetes and a prior myocardial infarction.20 
An increasing number of patients with coronary artery disease and advanced LV 
dysfunction are candidates for coronary artery bypass surgery. Improved outcomes 
from this intervention compared to medical therapy have been reported in these 
patients.21,22 However, the contribution of preoperative LV dysfunction on postoperative 
renal dysfunction, with its associated increased long-term mortality has not been 
studied.

Table 2. Risk factors associated with postoperative renal dysfunction.

Patient-related Procedure-related

Age Length of CPB

Female gender Cross-clamp time

Diabetes Off-pump versus on-pump

Chronic obstructive pulmonary disease Nonpulsatile flow

Peripheral vascular disease Haemolysis

Renal insufficiency Haemodilution

Compromised ventricular function

Need for emergent surgery

Cardiogenic shock

Left main coronary disease

Sepsis

Hepatic failure
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Table 3. Pathophysiologic factors in postoperative renal dysfunction and cardiac surgery.

Preoperative Intraoperative Postoperative

Lack of renal reserve Decreased renal perfusion Systemic inflammation

Renovascular disease Embolic events Reduced ventricular function

Prerenal azotemia CPB-induced inflammation Vasoactive agents

Nephrotoxins Free haemoglobin Haemodynamic instability

Inflammation Nephrotoxins

Systemic inflammatory response syndrome and cardiac surgery
Recent evidence suggests that cellular inflammation plays an important role in the 
pathophysiology of postoperative renal dysfunction.23,24 A variety of mechanisms have 
been proposed by which renal injury can occur during cardiac surgery. In general, 
important contributors to perioperative renal injury are athero-embolism, ischemia-
reperfusion, and the systemic inflammatory response syndrome. The latter is induced 
by contact of cellular and humoral blood components with the cardiopulmonary 
bypass circuit, and is characterized by the activation of the clotting system, the 
kallikrein system and the complement system. This systemic inflammatory reaction 
results in general organ dysfunction, including the kidneys, lungs, heart, brain and 
intestine. Other causes of the systemic inflammatory response include endotoxemia, 
operative trauma and non-pulsatile blood flow. The administration of corticosteroids 
has been advocated to mitigate the systemic inflammatory response in the postoperative 
period. However, the use of corticosteroids in cardiac surgery is controversial,25 due 
to differing opinions concerning their clinical benefits and adverse effects on organ 
function.

Assessment of postoperative renal dysfunction in cardiac surgery                                                                           
The glomerular filtration rate (GFR) is the most accepted parameter to evaluate renal 
function, but this is not easy to measure in routine clinical practice. Consequently, the 
most frequently used method is the measurement of serum creatinine as a surrogate 
marker of GFR. Elevations in serum creatinine have been used as an indicator of 
renal dysfunction in postoperative patients. However, this method lacks sensitivity 
especially for patients whose values are in the upper range of normal who can 
nevertheless have a severely diminished GFR. In cardiac surgery many measures have 
been used to define renal dysfunction including pre- and postoperative creatinine 
levels, the absolute increase from preoperative creatinine to the highest postoperative 
level, or the relative percentage increase from preoperative to postoperative creatinine. 
In recent studies, even small increases in serum creatinine are associated with an 
adverse outcome.1,6 These studies used serial measurements of serum creatinine in 
the postoperative period to detect a  minimum increase of serum creatinine from 
baseline values. 
The current gold standard to measure renal function, is the use of radioactive tracers 
to assess GFR and the effective renal plasma flow (ERPF).26 This method is expensive 
and not routinely available.  
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Newer diagnostic tools are being evaluated as indicators of renal injury. The monitoring 
of urinary or blood protein markers may have the potential for early diagnosis of renal 
injury. In addition to the early diagnosis of renal injury, changes in the excretion of 
specific markers in the urine may provide clinical differentiation of the etiologies of 
acute kidney injury (AKI).27 

Outline of this thesis  
    
The current thesis focuses on several aspects of postoperative renal dysfunction in 
cardiac surgical patients. Perioperative renal function was evaluated by monitoring 
the changes of serum creatinine from baseline values, using radioactive tracers to 
assess GFR and ERPF and by monitoring urinary markers. The influence of cardiac 
surgery with CPB on renal function was studied and several strategies to mitigate 
the associated renal injury were compared.  The in-hospital mortality and long-term 
outcome after postoperative renal function deterioration was also studied. Finally, the 
association between LV dysfunction and postoperative renal function deterioration on 
long-term outcome was investigated..
In Chapter 2, the changes in renal function using radioactive tracers in patients with 
mild preoperative renal function impairment undergoing cardiac surgery with CPB 
are evaluated. In Chapter 3, the effect of CPB on renal function was studied in cardiac 
surgery patients. Two groups of patients with normal preoperative renal function, one 
group undergoing on-pump and the other off-pump cardiac surgery were compared 
using sensitive markers for  perioperative renal damage. In Chapter 4, the effect of 
dexamethasone administration before CPB was studied on perioperative renal function 
using sensitive markers. While in Chapter 5, the in-hospital mortality and long-term 
survival in a cohort of cardiac surgical patients with and without postoperative renal 
function deterioration is studied. In addition, independent predictors for in-hospital 
mortality and long-term survival after cardiac surgery were  also studied.  
Postoperative renal dysfunction and preoperative left ventricular dysfunction are both 
associated with an adverse outcome after cardiac surgery. Therefore in Chapter 6, 
an attempt was made to determine if preoperative LV dysfunction and acute kidney 
injury (AKI) are independent of each other, or are overlapping risk factors for the 
long-term survival of a cohort of patients undergoing isolated coronary artery bypass 
surgery.
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Abstract

Background: Cardiac surgery with cardiopulmonary bypass (CPB) is commonly per-
ceived as a risk factor for decline in renal function, especially in patients with preop-
erative renal dysfunction. There are few data on the effects of CPB on renal function 
in patients with mild preoperative renal dysfunction. The purpose of this study was to 
evaluate renal function in patients with pre-existing mild renal dysfunction undergo-
ing cardiac surgery with CPB.

Methods:  In a multicenter study cohort we measured prospectively the glomerular 
filtration rate (GFR) by radioactive markers both preoperatively and on the 7th postop-
erative day in cardiac surgical patients with preoperative serum creatinine>120µmol l-1 
(n=56).  In a subgroup of patients (n=14) in addition to the GFR, the effective renal 
plasma flow (ERPF) and the filtration fraction (FF) were measured.                                                                                                           

Results:  While preoperative GFR [77.9 (25.5) ml min-1] increased to 84.4 (23.7) ml 
min-1 (p=0.005) one week after surgery, ERPF did not change [295.8 (75.2) ml min-1 
and 295.9 (75.9) ml min-1, respectively; p=0.8]. In accordance, the FF increased from 
0.27 (0.05) (preoperatively) to 0.30 (0.04) (day 7, p=0.01).                                                                                          

Conclusion:  Our results oppose the view that cardiac surgery with cardiopulmonary 
bypass adversely affects renal function in patients with preoperative mild renal dys-
function and an uncomplicated clinical course. 
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Introduction

Cardiac surgery is a risk factor for postoperative renal function impairment. Although 
renal failure requiring dialysis is a relatively rare complication, 15-25% of patients 
show a mild to moderate decline in postoperative renal function.1,2 Importantly, the 
temporal changes of renal function in these patients, as measured by serum creatinine 
increase during the first postoperative week, are predictive of long-term mortality.1,3 
A small rise in serum creatinine of 25% from baseline resulted in an increase in 
mortality rate of 22% to 38% at 96 months. In addition to these data, it is generally 
perceived that preoperative mild to moderate renal dysfunction poses an additional 
risk in these patients.4

The most accurate method to determine the GFR is to measure the clearance of inulin 
or radiolabeled compounds such as 125I-iothalamate.5 Perioperative assessment of 
renal function, using the more definitive measurement of GFR using 125I-iothalamate 
clearance, has been reported in cardiac surgical patients but only in individuals with 
normal renal function.6 These data indicate that GFR and effective renal plasma flow 
(ERPF) are unaffected by cardiac surgery using CPB.  The purpose of this study was 
to evaluate the effect of cardiac surgery with CPB on GFR in patients with preexisting 
mild renal dysfunction. We measured GFR before and one week after elective cardiac 
surgery with CPB in a multicenter study, using radioactive isotopes. In addition, in 
one of the participating centers, ERPF measurements were included to obtain a more 
detailed evaluation of renal haemodynamics. 

Methods

The patients in the study were enrolled at three participating Dutch centers: Univer-
sity Hospital Nijmegen, Erasmus Medical Center Rotterdam, and University Medical 
Center Groningen. The protocol was approved by the ethics committee of each insti-
tution and all patients gave written informed consent.  Fifty-six patients scheduled 
for cardiac surgery with CPB were prospectively enrolled. Inclusion criteria were 
serum creatinine > 120 µmol l-1, normal urinalysis, and no exposure to nephrotoxic 
drugs or radio contrast agents within 1 week of surgery. A serum creatinine cut-off 
of >120 µmol l-1 is related to a GFR < 80 ml min -1. 7 Patients with unstable angina, 
recent (<1 month) myocardial infarction, or haemodynamic instability were ex-
cluded.  Preoperative medication, including angiotensin-converting enzyme (ACE) 
inhibitors, beta adrenergic receptor blocking agents, calcium channel blocking agents 
and nitrates, were continued until the morning of surgery.  

Operative Procedures
The patients received total intravenous anaesthesia. Induction started with sufentanil 
(0.5 µg kg-1), midazolam (0.05-0.1 mg kg-1), and pancuronium (0.1mg kg-1) to 
facilitate tracheal intubation. Anaesthesia was maintained with sufentanil (2-5 µg kg-1) 
and a continuous infusion of midazolam (0.1 mg kg-1 h-1). The patients lungs were 
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ventilated with air and oxygen (FiO
2
=0.4). Radial artery and central venous pressures 

were continuously monitored.  Non-pulsatile CPB was performed with a non-occlusive 
roller pump and membrane oxygenator (Cobe Optima; Cobe Laboratories; Lakewood, 
CO). The extracorporeal circuit was primed with 500 ml of 6% hydroxyethyl starch 
and 1000 ml lactated Ringer’s solution.  An initial dose of heparin 300 IU  kg-1 was 
given before cannulation of the aorta and right atrium to obtain a kaolin-activated 
clotting time >400 s. Additional heparin was given during CPB when the kaolin-
activated clotting time was less than 400 s.  Flow during CPB was maintained at 2.2 
litre min-1m-2 during mild hypothermia (320 C) with α-stat pH management. Cold 
St. Thomas solution was infused into the aortic root for cardioplegia during aortic 
cross-clamping. During CPB, the mean arterial pressure was kept between 60 and 
90 mm Hg using phenylephrine or nitroglycerin as needed. Mannitol or aprotinin 
were not administered during the study period. After weaning of CPB protamine was 
given in a dose equal to the initial dose of heparin. Fluids and vasoactive medication 
were given based on clinical indications but not as part of the protocol. Postoperative 
haemodynamic management was according to the local treatment protocol of the 
participating centers and were directed at maintaining the cardiac index >2.1 litre 
min-1 m-2 with a mean arterial pressure >70 mm Hg and diuresis between 1-2 ml 
kg-1 h-1. Diuretics were not routinely given and used to the discretion of the attending 
physician. 

Renal function measurement
Renal function measurements were obtained in the morning after a light breakfast at 
two time points: 1 day before and 7 days after surgery. The evening before each study 
day, the thyroid gland was blocked by giving 10 drops of a saturated Lugol’s solution 
(iodine in potassium iodide). An intravenous catheter was placed in the vena cubiti 
for the radioisotope solution. The infusion solution for measurement of the GFR 
was prepared by adding 3 MBq of 125I-iothalamate (Amersham,‘s Hertogenbosch, 
Netherlands) to 100ml of saline.  In addition to the GFR measurement, the ERPF 
was measured in a subgroup of patients (n=14) by adding 4 MBq 131I-hippuran 
to the infusion solution. After drawing a blank blood sample, a priming solution 
containing 0.4 ml kg-1 body weight of the infusion solution plus an extra 0.6 MBq of 
125I-iothalamate was given at 8 a.m. Immediately thereafter, the continuous infusion 
was started by means of an infusion pump. On the basis of earlier observations 
the infusion rate was adjusted with respect to estimated renal function to ensure 
adequate isotope concentrations.8 To ensure adequate diuresis, 200 ml of water was 
given orally every hour. After the stabilization period of 2 h, two clearance periods of 
2 h each followed. Urine was collected by spontaneous voiding and blood samples 
were drawn at the start, middle, and end of each clearance period. Plasma separation 
was performed immediately after sampling. The activities of 125I-iothalamate and 
131I-hippuran in plasma and urine were determined in duplicate by using a LKBG 
Compugamma scintillation counter (EG & G (Wallac), Breda, Netherlands). 
Calculations of the clearance rates were made by using the standard formulas for 
plasma clearance : 
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Where I is counts/ min per ml of the infusion solution, V is volume of the infusion 
and P is counts min-1 ml-1.
The standard formula for renal clearance (GFR) is:

Where U is counts min-1 ml-1 urine, V is the urine production in ml min-1, and P is 
counts min-1 ml-1. 
 Thus the GFR was calculated by using the formula:

Where Ciot is clearance of 125I-iothalamate, Uiot is counts of 125I-iothalamate in urine 
in counts min-1ml-1, V is urine production in ml min-1 and Piot is 125I-iothalamate 
counts ml-1 min-1 in plasma. 
ERPF calculation was accordingly using to the same formula for 131I-hippuran.                                                                                                                          
Filtration fraction (FF) was calculated as the ratio of GFR and ERPF. This method has a 
day-to-day variation coefficient of 2.5% for GFR and 5% for ERPF.5

Data Analysis 
Power calculation revealed that inclusion of 50 patients with a baseline GFR <80 ml 
min-1 (equals to a serum creatinine > 120 µmol l-1) would enable the detection 
of a 15% difference in GFR (power=0.8, α risk=0.05) after surgery compared with 
baseline. Data are expressed as means (SD), unless stated otherwise. Correlation analysis 
was performed with Pearsons correlation coefficient. Univariate testing between two 
variables was performed with the t- test for continuous variables. Multivariate analysis 
was used to test the independent association between change in GFR from baseline 
(Δ GFR) and several known risk factors9,10 for postoperative worsening of renal 
function. In the analysis we included preoperative demographic risk factors (sex, 
age, preoperative GFR, systolic and diastolic blood pressure, diabetes, hypertension, 
myocardial infarction, peripheral vascular disease) and procedure related factors (type 
of operation, duration of operation, duration of CPB, and duration of aortic cross-
clamping). Variables with a P < 0.1 in the univariate analysis were included in the 
multivariate analysis. Statistical significance was accepted at p<0.05 (two-sided).

plasma clearance =
I X  V

P

renal clearance =
U X  V

P

C
iot 

=
U

iot
 X  V

P
iot
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Results 

Baseline, intra-, and postoperative characteristics of the study group are presented 
in Table 1. Two patients died from cardiac failure after perioperative myocardial 
infarction, one patient (preop GFR 125 ml min-1) on the operative day and the other 
patient (preop GFR 97 ml min-1) one day after the operation, before the second 
renal function measurement and were excluded from further analysis. There were no 
patients with overt renal dysfunction or patients requiring renal replacement therapy. 
Individual values of GFR are presented in Fig. 1. Preoperative measurements showed 
a reduced GFR (77.9 (25.5) ml min-1). On the 7th postoperative day, a small, albeit 
significant increase in GFR was observed (84.4 (23.7) ml min-1; p=0.005; Fig. 1). In 
contrast, mean arterial pressure (MAP) and heart rate were similar at baseline and the 
7th postoperative day [MAP: 91.4 (12.3) and 95.5 (12.4) mmHg, p=0.10; heart rate: 
79.1 (13.2) and 74.8 (14.7) bpm, p=0.12].

Table 1: Baseline, intraoperative, and postoperative patient characteristics (N=56). 

Age, yr 64.9 (8.4)

Male/female 47/9

BMI, kg/m2 26.1 (3.9)

Diabetes, % 18.5

Hypertension, % 38.9

Myocardial infarction, % 18.5

Peripheral vascular disease, % 22.2

Operation CABG, %

Valve,  %

Combination, %

59
27
 14

Duration of aortic cross-clamping, min 81.5 (39.2)

Duration of cardiopulmonary bypass, min 120.0 (45.8)

Duration of surgery, min 274.7 (74.3)

Intensive care unit stay, days 1.6 (1.1)

Mechanical ventilation, days 0.6 (0.5)

Length of hospital stay, days 9.0 (3.4)

Data are expressed as mean (SD), or %.

Table 2. Changes in preoperative and postoperative GFR in different preoperative GFR stages. Stages are 

based on the guidelines of the American Kidney Foundation (K-DOQI) for chronic kidney disease.

GFR stages Preop GFR GFR day 7 P

Moderately reduced      30 - 60 ml min-1  (n=9)  46.0 (9.3) 52.0 (9.5) 0.07

Mildly reduced               60 - 90 ml min-1 (n=33)    74.9 (8.9)     84.9 (15.0) 0.0001

Normal                               > 90 ml min-1 (n=12)  112.3 (22.4)     110.3 (12.7) 0.7

Data mean (SD). 
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Despite our inclusion criterion of a serum creatinine > 120 µmol l-1, 12 patients had 
a normal preoperative GRF (GFR>90 ml min-1, Table 2). To compare postoperative 
changes in renal function in patients with and without reduced GFR we classified 
patients according to the stages of the American Kidney Foundation (K-DOQI 
guidelines for chronic kidney disease.11 Interestingly, patients with mildly reduced 
GFR (GFR 60-90 ml min-1) demonstrated a significant increase (13%) of postoperative 
GFR (Table 2). Patients with moderately reduced GFR (GFR 30-60 ml min-1) showed 
the same trend towards postoperative increase. In contrast, in patients with normal 
GFR no change was observed. 
Correlation analysis demonstrated a negative correlation between the GFR at day 0 and 
the change in GFR (ΔGFR, r= -0.428, p=0.001). Intra operative variables (operation 
time, cross clamp time and duration of CPB) were not correlated to ΔGFR.
After univariate testing the variables male sex (p=0.08), diastolic blood pressure 
day 7 (p=0.05), and preoperative GFR (p=0.001) were included in a multivariate 
analysis to test their independent association with ΔGFR. The model only showed a 
independent association of preoperative GFR with ΔGFR (p=0.005).
To analyse different aspects of renal haemodynamics, measurements of the ERPF were 
conducted in one of the participating centres. Changes in GFR, ERPF and FF and serum 
creatinine of this subset (n= 14) are shown in Fig 2. Patient characteristics (data not 
shown) and the GFR in this subset were not different from the other patients in this 
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Figure 1.  Individual changes in glomerular filtration rate (GFR) before and after cardiac surgery with 
CPB (n=56). GFR was determined on the preoperative day (pre) and on the 7th day postoperatively (post) 
by infusion of radio labeled compounds. Postoperative GFR increased significantly from baseline (77.9 
(25.5) ml min-1 versus 84.4 (23.7) ml min-1; p=0.005). Mean (SD) are shown.   



26

Chapter 2

study population (p=0.28). Also, as observed in the entire cohort, patients included 
in this subset showed a similarly small, but significant increase in GFR following 
cardiac surgery (Fig. 2, preoperative: 77.8 (18.8) ml min-1; day 7: 87.8 (25.0) ml 
min-1, p = 0.01). In contrast, the ERPF was unaffected by CPB (Fig. 2, 295.8 (75.2) 
ml min-1 and 295.9 (75.9) ml min-1, respectively, p=0.8). Consequently, an increase 
in filtration fraction from 0.27 (0.05) to 0.30 (0.04) was observed during this period 
(Fig. 2, p=0.01). Finally, in keeping with the increase in GFR, serum creatinine levels 
were decreased by day 7 postoperatively (Fig. 2).
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Figure 2. Changes in glomerular filtration rate (GFR), effective renal plasma flow (ERPF), filtration 
fraction (FF) and serum creatinine after cardiac surgery with CPB (n=14 patients). GFR, ERPF and serum 
creatinine levels were determined on the preoperative day (pre) and on the 7th day postoperatively 
(post) by infusion of radio labeled compounds. Mean (SD) are shown. 
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Discussion 

The main finding of the present study is that cardiac surgery with CPB does not 
adversely affect renal function of patients with preoperative mild renal dysfunction 
and an uneventful clinical course. Interestingly, we observed an increase of GFR on 
the 7th postoperative day, which was mainly confined to patients with mild renal 
function impairment. Furthermore, the ERPF in a subset of patients did not change, 
and accordingly the FF increased. To our knowledge, this is the first study in cardiac 
surgical patients with mild renal dysfunction measuring GFR using the gold standard, 
the clearance of 125I-iothalamate. This study extends previous findings in cardiac 
surgical patients with normal preoperative renal function.6

Few studies employing renal function measurements using isotopes are available in 
cardiac surgical patients, probably due to the complexity of this method. Moreover, 
these studies were restricted to the intraoperative period. One study of CABG patients 
with normal preoperative renal function found no change in GFR and ERPF.6  Also, 
in the control group of a double-blind randomized study on the effects of aprotinin 
in patients with a normal renal function, GFR did not change during surgery, while 
ERPF increased during CPB.12  ERPF measurements during CPB, however, may be 
influenced by incomplete PAH extraction during hypothermia which may increase 
ERPF erroneously.13 In addition, several factors are know to affect renal function 
during CPB including hypothermia, hemodilution, changes in hemodynamics, 
surgical stress, inflammatory response and ischemia reperfusion injury. Given this 
knowledge, we were particularly interested in the perioperative changes of renal 
function and performed measurements in a clinically more stable situation at day 7, 
prior to discharge from the hospital. 
The mechanism underlying the change of GFR following cardiac surgery with CPB 
is not immediately clear from our data. Small changes in haemodynamic variables, 
e.g. the observed trend towards a lower heart rate and a higher blood pressure 
postoperatively, might contribute to the improvement in GFR. Apparently, this does 
not result in a concomitant change in ERPF, suggesting that impairment of ERPF in 
this patient category is due to irreversible structural alterations in the renal vascular 
bed. However, we have no data to substantiate this assumption. Alternatively, changes 
in ERPF may lag behind changes in GFR. Finally, the postoperative rise in filtration 
fraction deserves further consideration as to its possible consequences. In overt renal 
disease an elevated filtration fraction is considered a sign of elevated glomerular 
filtration pressure, bearing possible deleterious consequences for long term renal 
function.14,15 At present it is unclear whether this also applies to the change in renal 
haemodynamics after cardiac surgery. Renal function measurements were limited 
to the in hospital period, and therefore extended measurements in cardiac surgical 
patients might provide further insight in these issues.  
Our patient population was characterized by a reduction in baseline GFR amounting 
25% compared to the group of healthy elderly.16 Interestingly, ERPF seems even more 
impaired in our study group, with a 40% reduction. Notably, a similar discrepancy 
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between preoperative impairment of GFR and ERPF was also observed in previous 
studies of CPB in patients with normal renal function.6 Also, this discrepancy 
between impairment of GFR and ERPF has been observed in patients with co-morbid 
cardiovascular conditions, such as hypertension and heart failure, showing a reduction 
of GFR and ERPF of 11 % and 22%, respectively.16 Consequently, these data add to 
the notion that impairment of ERPF is an important feature of this specific patient 
population. 
Preoperative renal dysfunction has been associated with a prolonged procedure as 
demonstrated by duration of CPB, duration of operation, prolonged mechanical 
ventilation, and increased cost of hospital stay.17,18 In general, our study confirmed 
these findings, as longer aortic cross-clamp time, CPB time, and duration of operation 
were found compared to cardiac surgical patients with normal renal function. 1,17

CPB in our study was performed at mild hypothermia in all patients. Early 
experimental studies in an isolated perfused rat kidney showed a protective effect 
of hypothermia.19 Therefore, hypothermia during CPB to reduce metabolism and 
ischemic stress seemed a logical renal protective strategy. More recent clinical studies 
however, using estimated GFR measurements, did not demonstrate a clear benefit for 
neither a hypothermic nor a normothermic renal protective strategy.20-22 In line with 
these observations, our results obtained with radioactive isotopes, showed no adverse 
effects of mild hypothermia on GFR. 
Usually, cardiac surgical patients use chronic medication. In the current study all 
cardiovascular medication was continued until the operation. Of the drugs used, 
the influence of angiotensin-converting enzyme (ACE) inhibitors and angiotensin 
II receptor antagonists (ARA) on postoperative renal function is questioned most 
often and several studies evaluated their effects on renal function in cardiac surgery 
with CPB. Generally, in the setting of CPB, contradictory results have been reported 
with ACE inhibitors showing postoperative improvement of GFR and ERPF when 
administered for 2 days, 23 absence of effects of chronic use on renal haemodynamics 
and function,24  as well as indications of a decline in postoperative renal function in 
patients on chronic ACE inhibitor therapy. 25 In addition, Oh et al. demonstrated that 
chronic ARA treatment resulted in more hypotension during CPB than ACE inhibitor 
therapy.26 Thus, results as to the effects of ARA and ACE inhibitors with respect to renal 
function after CPB is still undetermined. 
This study has several limitations. Despite the above mentioned longer operative 
procedure, the clinical course seemed uneventful based on the short ICU stay. 
Probably this is due to the low rate of complications observed in this cohort and a 
different effect on renal function measurements may be anticipated in patients with 
serious complications. Few patients had moderate renal dysfunction (GFR <60ml 
min-1) and future studies are needed to address the influence of cardiac surgery 
on the postoperative renal function and its postoperative course. The second GFR 
measurement was 7 days postoperatively and therefore a transient postoperative 
change in renal function could have occurred earlier. Furthermore, our data confirm 
that serum creatinine is not a very good estimate of GFR. Selection of patients for 
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future studies should be based on different methods, such as the Modification of Diet 
in Renal Disease (MDRD) equation. This equation provides a better estimate of true 
GFR than serum creatinine as demonstrated in a recent study.27 Finally, in multivariate 
analysis only preoperative GFR was independently associated with ΔGFR, probably 
reflecting an inadequate sample size to detect additional associations. 
In conclusion, the data of this study suggest that renal function was not adversely affected 
in patients with preoperative mild renal dysfunction undergoing uncomplicated 
cardiac surgery with CPB. Interestingly, the basal ERPF in a subset of patients was 
preoperatively severely compromised, and did not change postoperatively. Finally, the 
present study suggests that current clinical procedures, as applied in patients with 
normal renal function, are adequate to preserve renal function in patients with mild 
preoperative renal dysfunction.
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Pontificia Universidad Católica de Chile. Santo Tomas University Santiago, Chile 

To the Editor: I have read with interest the paper by B. G. Loef et al.1 This is a very 
complex study and adds new information to the discussion of the subject. Authors 
should be congratulated for their work. I would like to add some comments and ideas 
to the discussion. Our group published in 1998 a study on elective coronary patients, 
with abnormal preoperative renal function undergoing surgery with cardiopulmonary 
bypass (CPB), 2 using “gold standard” techniques to measure glomerular filtration 
rate (GFR) and effective renal plasma flow (ERPF). Further studies by our group have 
been carried out in children and valvular patients undergoing surgery with CPB, 
with similar methodology. Our study, however, was intended to focus only in the 
preoperative period. It is extremely difficult to study patients in the postoperative 
period of cardiac surgery, due to many variables involved in this period such as: 
changes in haemodynamic variables, use of vasoactive drugs, changes in hematocrit, 
bleeding, among other. Thus, the meaning of the results presented by Loef et al, 
are speculative. It is interesting that GFR remains within normal values in patients 
with preoperative renal dysfunction during both studies,1,2 suggesting that modern 
techniques for CPB management are able to protect renal function. It also refutes 
earlier work, suggesting that CPB reduced the GFR in all patients. ERPF increased 
during CPB in all our earlier studies in coronary patients. In recent studies on valvular 
and paediatric patients, ERPF remains within baseline values throughout the study. This 
difference could be related to new strategies during CPB: higher perfusion pressures, 
vasopressor drugs, and higher hematocrit, among other. I would disagree with the 
authors regarding the explanation for changes found in filtration fraction (FF). We 
showed in our work that during CPB (hypothermia) FF decreased. FF has been 
use and an index of vasodilatation or vasoconstriction of the afferent arteriole. The 
reduction of FF most likely represents a vasodilatation state, due to hypothermia, low 
viscosity or the release of vasoactive endothelial factors. A high FF in the postoperative 
period could represent a vasconstrictive state with unknown consequences to the 
renal function, thus the meaning of that finding is unclear. CPB has been blamed for 
many years as responsible for renal dysfunction in cardiac patients, however in most 
of the recent trials CPB has not been associated as being an independent risk factor 
for renal perioperative renal failure.3 Interestingly, studies with off pump surgery 
has shown the same incidence of renal dysfunction in patients with preoperative 
abnormal renal function.4 I agree with the authors that hypothermia seems to be the 
best protective intervention in these patients, mainly due to metabolism reduction. 
Drugs that increase blood flow non-specifically, have not shown benefit so far. 
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Editor: We thank Dr Lema and colleagues for their comments and ideas on the subject 
discussed. Their remarks concern both the absence of change in glomerular filtration 
rate (GFR) and the mechanism of change in filtration fraction (FF). With respect to 
GFR, unfortunately, only a limited number of small studies evaluating the effect of 
cardiac surgery with cardiopulmonary bypass on renal function using gold standard 
techniques have been reported. However, recently Witczak et al. studied the effect of 
nifedipine infusion on glomerular filtration rate (GFR) in patients (n=20) with impaired 
renal function undergoing cardiopulmonary bypass surgery.1 GFR was measured as 
the plasma clearance of 51chromium-ethylenediaminetetraacetic acid preoperatively 
and 48 h postoperatively and creatinine clearance was measured preoperatively and 
0-4, 20-24 and 44-48 h postoperatively. The authors found no statistically significant 
change in the GFR or in creatinine clearance over time within or between groups. This 
study supports our observation that modern techniques for CPB management are able 
to protect renal function in patients with preoperative renal dysfunction.2,3                                                                        
With respect to FF, we agree that interpretation of our data as to the cause of the 
increased filtration fraction (FF) following CPB remains speculative. In patients 
with normal renal function (plasma creatinine <1.5 mg/dL) undergoing coronary 
surgery, Lema et al. found an abnormally elevated  FF preoperatively, a significant 
decrease during bypass, which returned to abnormally elevated baseline values one 
hour postoperatively FF.4 The increased FF we observed on day 7 postoperatively may 
thus represent an extension of the suggested vasoconstrictive state, with unknown 
consequences to renal function. However, it may also represent a structural remodeling 
of the vasculature, particularly in our patients suffering from modest impairment 
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of renal function. Until now, renal function studies in cardiac surgical patients are 
limited to the hospital period and no long-term follow up is available. Renal function 
measurements in cohorts of cardiac surgical patients should extend the hospital period 
to provide insight in the mechanism of changes in renal parameters, and the possible 
bearings on the long-term effects of cardiac surgery with CPB on renal function.     
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Renal oxygen delivery during cardiopulmonary bypass
D. Morrice

Wolverhampton, UK 

Editor- I read with interest the study by Loef and colleagues,1 on renal function in 
selected patients undergoing cardiac surgery with cardiopulmonary bypass (CPB). It 
is reassuring to discover that there was no significant evidence of deterioration in 
glomerular filtration rate (GFR). A deleterious patient or treatment characteristic could 
theoretically have caused a significantly lower GFR after operation and there was an 
attempt to select out such patients.  I am nevertheless concerned for several reasons 
about the omission of data on oxygen delivery/DO

2
 (e.g. haemoglobin level, pump 

flow) before, and at the time of CPB. First, the medullary zone of the kidneys has for 
some time been assumed to be prone to hypoperfusion because it is an area of high 
metabolic rate ‘on the verge of hypoxia’. Recent research on rats has suggested that 
this may be more specifically the juxta medullary zone.2 Reduced oxygen delivery 
(calculated by the oxygen delivery equation) therefore gives a physiological basis for 
potential renal damage. Low intraoperative haematocrit occurs as a result of blood loss, 
haemodilution, and low starting haemoglobin and directly affects oxygen delivery 
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during cardiac surgery. Ranucci and colleagues3 demonstrated that lowered haematocrit 
is linked to development of renal dysfunction. Blood transfusion data have not been 
declared, but red cell transfusion has also been identified as a risk factor for adverse 
outcome after cardiac surgery.4 In addition, Karkouti and colleagues5  identified that a 
preoperative haemoglobin level below 9 g dl-1 is an independent risk factor for adverse 
outcome after cardiac surgery. I would also like to comment that although pump flow 
is stated at 2.2 litre min-1 kg-1 in the paper, in our department it is customary to 
reduce this by approximately 5% per °C of cooling according to mixed venous oxygen 
estimation and I wonder if this was the case in this study. Ranucci has commented that 
increasing pump flow when haematocrit falls can counteract the effect of reduced O

2
 

carrying capacity, so if pump flow was not reduced I wonder if this has had a beneficial 
effect. It certainly would be of interest in the future to have a similarly conducted study 
which includes a group with anaemia to permit comparison of outcome, as anaemic 
patients do present for cardiac surgery relatively commonly. 
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Groningen, The Netherlands 

Editor—We thank Dr Morrice for addressing several issues that may explain the 
maintenance of renal function after CPB in our patient population. At our institution, 
pump flow is routinely maintained at a fixed level during mild hypothermia. Further, 
haematocrit levels during CPB are targeted at 20-25%; if necessary because of 
haemodilution, blood donation is instituted at the start of bypass. Because of our 
procedure, we agree with Dr Morrice that the fixed pump flow during CPB, providing 
increased DO

2
, may offer an explanation for the protection of renal function. However, 

our study was not designed to establish the effects of oxygen delivery on perioperative 
renal function and the data requested are unavailable. Indeed, it would be of interest 
in the future to have a similar study conducted to evaluate the influence of oxygen 
delivery on renal function during CPB. In view of the ease of recruiting patients and the 
duration of the trial, it would be worthwhile to explore whether such a study would 
benefit from the use of sensitive markers for glomerular and tubular function.1
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Abstract

Background: Cardiopulmonary bypass (CPB) represents a specific risk factor for 
renal damage during coronary revascularization. The purpose of this study was to 
compare the perioperative renal damage in patients undergoing on-pump and off-
pump coronary surgery. 

Methods: Progress and extent of renal damage was prospectively studied in two 
groups of cardiac surgical patients without concomitant morbidity, undergoing 
elective coronary revascularization with (n=12) and without (n=10) CPB. Markers 
of glomerular function (creatinine clearance) and damage (microalbuminuria: MA), 
and markers of tubular function (fractional excretion of sodium: FENa, and free 
water clearance) and damage (N-acetyl-β-D glucosaminidase: NAG), were evaluated. 
Measuring plasma concentrations of free hemoglobin assessed hemolysis. Plasma 
and urinary specimens were obtained at (1) baseline, (2) heparinazation, (3) end of 
CPB or completing graft for off-pump surgery, (4) skin closure, (5) 6th hour in the 
intensive care unit, (6) second postoperative day. Free water and creatinine clearances, 
FENa, and the urinary excretion of microalbumin and NAG were calculated for the 
corresponding time intervals. 

Results:  We found that off-pump coronary revascularization induced significantly less 
changes in MA, FENa, free water clearance, NAG, and free hemoglobin as compared 
to operations with cardiopulmonary bypass. Markers returned to baseline within two 
days after the operation and there was no clinical or laboratory evidence of overt renal 
dysfunction in both groups.                                                                                                                      

Conclusions:  Off-pump coronary surgery attenuates transient renal injury compared 
to traditional on-pump coronary artery bypass grafting. 
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Introduction

Renal dysfunction is a serious complication of coronary revascularization with cardio-
pulmonary bypass (CPB) and results in increased morbidity, mortality and prolonged 
hospital stay.1  The pathogenesis of this complication is usually multifactorial. Gen-
eral risk factors associated with postoperative renal dysfunction are pre-existing renal 
disease, advanced age and postoperative low cardiac output state.1,2  In addition, CPB 
represents a specific risk factor during cardiac surgery. The injurious action of CPB on 
renal function is caused by several mechanisms including non-pulsatile perfusion and 
increased levels of circulating catecholamines, cytokines, and free hemoglobin.3 These 
effects result in damage to glomerular as well as tubular structures which in turn can 
produce renal dysfunction especially in the presence of additional risk factors.4 
The renal risk associated with CPB may be avoided by new surgical techniques such 
as off-pump coronary revascularization, which is performed on the beating heart and 
hence does not use CPB.5 
This study assessed the contribution of CPB to perioperative renal damage by 
obtaining functional parameters and levels of specific markers related to glomerular 
and tubular function  in patients undergoing on-pump and off-pump coronary 
revascularization.

Patients and methods

Patients
After institutional approval and informed consent, we prospectively studied 
consecutive patients scheduled for elective on-pump (n=12) and off-pump (n=10) 
coronary artery revascularization. Included were patients with a normal renal function 
as assessed by a serum creatinine < 120 µmol/l and normal urinalysis. All patients had 
1- or 2-vessel disease and normal cardiac index (ejection fraction > 45%), cerebral 
and hepatic function. None of the patients received ACE inhibitors or diuretics. 
Patients with diabetes, recent myocardial infarction, hypertension, unstable angina, 
or recent use of radiocontrast were excluded, as these conditions are associated with 
increased baseline levels of the urinary markers employed in this study. The choice of 
the procedure was at the surgeon's discretion.
 
Anesthetic management 
Anesthesia was given according to a fixed protocol. Premedication consisted of oral 
diazepam 10-15 mg 2 hours preoperatively. After insertion of peripheral venous 
and radial arterial cannulae under local analgesia, anesthesia was induced with 
sufentanil (2.5µg/kg) and midazolam (0.1mg/kg). Tracheal intubation was achieved 
with pancuronium (0,1mg/kg) and the lungs were ventilated with air and oxygen 
(FiO

2
=0.4). A flow-directed pulmonary artery catheter was inserted into the right 

internal jugular vein, and an indwelling bladder catheter was used for urine collection. 
Anesthesia was maintained with sufentanil, midazolam, and pancuronium.6  After 
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induction, hydroxyethyl starch 6 % solution and lactated Ringer’s solution were 
used to obtain a mean arterial pressure  (MAP) of > 60 mm Hg to maintain filling 
pressures and cardiac output. Transfusions of packed cells were given at a hemoglobin 
< 5.5 mmol/L.  In the intensive care unit inotropic support with dopamine was 
started at a cardiac index <2.2 L.min/m2. Diuretics or mannitol were not used during 
this study. 

Cardio Pulmonary Bypass
All CPB patients received dexamethasone 1 mg/kg after the induction of anesthesia 
according to the standard of care in our institution. Non-pulsatile CPB was performed 
with a roller pump and membrane oxygenator (Cobe Laboratories Inc., Lakewood, 
CO, USA). The extra-corporal circuit was primed with 500 ml hydroxyethyl starch 
6 % and 1000 ml lactated Ringer’s solution. Flow during CPB was maintained at 2.2 
L.min/m2 during moderate hypothermia (32 oC) with α-stat regulation of blood pH. 
Cold St. Thomas solution was infused into the aortic root to maintain cardioplegia 
during aortic cross clamping. During CPB, the mean arterial pressure was allowed 
to vary between 60 and 90 mm Hg. Deviations beyond this range were corrected 
with phenylephrine or nitroglycerine. All patients for the off-pump procedure also 
received 500 ml hydroxyethyl starch 6 % and lactated Ringer’s infusion to maintain 
mean arterial blood pressure prior to grafting.  In both groups distal anastomoses 
were completed first.

Renal markers
Glomerular function was determined by measuring creatinine clearance, while tubular 
function was assessed from fractional excretion of sodium and free water clearance. In 
addition, the urinary albumin excretion was used as an index of glomerular capillary 
damage, while tubular damage was estimated from the excretion of N-acetyl-ß-D-
glucosaminidase (NAG). Destruction of red blood cells during the operation was 
measured by changes in the plasma concentration of free hemoglobin. Plasma 
and urinary osmolality, serum concentrations of sodium and creatinine, urinary 
concentrations of sodium, creatinine, microalbumin, and NAG were measured during 
six periods: (1) baseline: induction of anesthesia, (2) following heparinazation, (3) at 
the end of CPB in the on-pump group and completion of the last distal anastomosis in 
the off-pump group, (4) at skin closure, (5) at the end of the first 6 h in the intensive 
care unit and (6) on the second postoperative day. From these data the fractional 
excretion of sodium, free water and creatinine clearances, and the urinary excretion 
of microalbumin and NAG for the corresponding time intervals were calculated by 
standard formulas.

Laboratory methods
Urine samples were stored at -20°C for the determination of sodium, creatinine, 
osmolality, albumin, and NAG. Plasma samples were transported to the laboratory 
immediately and sodium, creatinine, free hemoglobin, and osmolality were 
determined using a Vitros analyzer (Ortho Clinical Diagnostics, Beerse, Belgium) 
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and Osmomat analyser (Gonotec, Salm and Kipp, The Netherlands) respectively. 
Urine microalbumin was determined by a nephelometric method according to the 
instructions of the manufacturer (DADE- Behring, Leusden, The Netherlands). Urinary 
NAG was measured by the colorimetric method of Lockwood et al.7  

Statistical analysis 
The number of patients in both groups was calculated to detect a difference of  50% 
between the studied markers with a power of 0.8 and an α risk of 0.05. Results are 
presented as mean ± SEM (unless stated otherwise). Measurements of microalbumin 
and NAG are expressed as ratio to creatinine concentration to correct for changes in 
urinary flow. The results were analyzed using two way repeated analysis of variance, 
Student’s t-test, Mann-Whitney test, Chi-square test, or correlation analysis. Statistical 
significance was accepted at p < 0.05.   

Results

The two patient groups were similar in age, sex, weight, height, and preoperative 
serum creatinine (Table 1). All patients had an uneventful operation and postoperative 
stay. The use of blood transfusions (on pump: 0.58 ± 0.15 units of  220 ml; off-pump 
0.40 ± 0.16 units p=0.9) and  inotropic support (p=0.39) was not different in 
both groups. There was no clinical or laboratory evidence of overt postoperative renal 
dysfunction in either group. Urine output during surgery and in the postoperative 
period did not differ between both groups (Fig. 1), suggesting that renal perfusion 
was equally adequate. 
The time course of the renal glomerular variables is shown in Figure 2A and 2B. At 
baseline, glomerular variables were similar, and within the normal range in both 
groups. Glomerular function, assessed from creatinine clearance, remained unaffected 

Table 1. Patient characteristics and operative data

 On-pump Off-pump  p value

no. of patients           12        10

Sex (M:F)         10:2        10

Age (yr)     59.0±4.8   51.3±4.4    0.14

Weight (kg)       82.3±12.3   76.3±3.8    0.25

Height (cm)       177±0.1    173±0,1    0.28

Preoperative creatinine (µmol/l)      92.5±4.8   82.5±2.6    0.18

Duration of CPB (min)      83±5

Duration of operation (min)      208±10 119±7  <0.01

no. of distal anastomoses       2.8±0.3      1.3±0.2     <0.01

data: mean ± SEM
CPB= cardiopulmonary bypass.
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in both groups throughout the entire observation period (Fig. 2A). During the first 
postoperative hours, a transient but statistically not significant increase in calculated 
creatinine clearance was observed in off-pump patients. Urinary microalbumin 
excretion, a marker of glomerular capillary damage, was increased in the on-pump 
group, showing a peak at the end of CPB, followed by a gradual return to baseline 
values at the second postoperative day (Fig. 2B).  In contrast, urinary microalbumin 
excretion did not change in the in the non-CPB patients. 
Time course of tubular variables is given in Fig. 2C, D, and E. At baseline no differences 
between variables were found. Fractional excretion of sodium increased significantly 
in the on-pump patients after the start of bypass, with a return to baseline only at the 
second post-operative day, while no change was observed in the off-pump patients 
(Fig. 2C). Free water clearance was significantly decreased during bypass in on-pump 
patients, but unaffected in off-pump patients (Fig. 2D). Finally, urinary excretion 
of NAG was increased during bypass but afterwards returned to baseline values 
(Fig. 2E). Urinary NAG excretion remained at baseline level in off-pump patients 
during the entire period. Furthermore, we evaluated the differences in the number of 
anastomoses and duration of surgery (Table 1), and the glomerular and tubular injury 
by performing correlation analysis.  No correlation was found between the number of 
anastomoses, the duration of surgery, and the parameters expressed in the AUC (area 
under curve) values within the on-pump group (data not shown). 
To confirm damage to erythrocytes during CPB, plasma levels of free hemoglobin 
were measured. Plasma levels of free hemoglobin were normal before bypass in both 
groups. As anticipated, free hemoglobin increased during bypass in the on-pump 
patients, but remained unchanged in the off-pump patients (Fig. 3). 
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Figure 1. Urine output in the groups 
studied: mean ± sem.  (1) heparinization; 
(2) end of bypass or completion of distal 
anastomoses in off-pump group; (3) skin 
closure; (4) first 6 h in the intensive care 
unit; (5) at the second postoperative day; 
CPB, cardiopulmonary bypass.
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Discussion

This study in cardiac surgical patients with normal preoperative renal function shows 
that CPB induces transient renal injury, as evidenced by a decrease in tubular function 
and increased levels of markers of glomerular and tubular damage. Changes in these 
parameters were essentially confined to the intraoperative and immediate postoperative 
period and returned to baseline levels within 2 days. In contrast, these parameters 
did not change in the off-pump patients. Baseline measurements of parameters of 
glomerular and tubular damage were the same in both groups, indicating that the 
observed renal injury was confined to the intraoperative period. 
The presence of glomerular damage in CPB patients was reflected by the increase 
of microalbuminuria in the absence of detectable changes in creatinine clearance. 
Glomerular damage is presumably due to transient impairment of the glomerular 
capillary permselectivity.8  Possibly, a reduction in tubular reabsorption of filtered 
albumin further contributes to the microalbuminuria in CPB patients.9  Tubular cell 
damage in CPB patients was evidenced by a decreased tubular sodium reabsorption, a 
decreased free water clearance and the increase in urinary excretion of NAG, a specific 
and sensitive marker for loss of tubular cell integrity.
This is the first study combining functional measurements and assessment of damage 
parameters demonstrating a preservation of renal function in off-pump as compared 
with CPB.  The increase in FENa, MA and NAG obtained in patients undergoing 
coronary revascularization with CPB is in agreement with those reported previously.10-12  
However the time course of changes in NAG found in our CPB patient group differs 
noticeably from that reported previously .12 Whereas we observed normalization in 
CPB within 2 days postoperatively, NAG excretion did not return to baseline values by 
then in the study of Ascione et al.12 Further, although both studies found a reduction 
of renal damage in the off-pump group, a similar discrepancy in time course was 
observed for the excretion of NAG and microalbuminuria. This difference in time 
course may have been caused by differences in patient characteristics or perioperative 
treatment, such as hemodynamic management, recent use of radiocontrast or 
nephrotoxic medication. The values of free hemoglobin observed in this study are 
in the range reported for CPB.13  Increased hemolysis during CPB may be caused by 
cardiotomy suction, high suction pressures, duration of perfusion, occlusive roller 
pumps and turbulent flow in the oxygenator.
CPB-associated renal dysfunction is attributed to multiple factors.3 Although these 
factors may cause renal impairment by themselves, they are merely thought to set 
the stage for additional insults -such as low cardiac output or hypotension- to elicit 
overt CPB-associated renal failure.4  The results obtained in our study are in agreement 
with this supposition. In accordance with the low risk status of the patients, no overt 
renal functional impairment was apparent during or after surgery. Off-pump cardiac 
surgery in our study prevents transient renal injury. At present, it is still unclear to 
what extent the preservation of the beating heart during surgery prevents acute renal 
failure.
A limitation of this study is that it was observational and not randomized. However, 
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the groups consisted of consecutive patients, and the patient characteristics and 
baseline measurements were similar. We studied ‘healthy’ patients, because several 
studies demonstrated increased levels of renal markers in patients with diabetes, 
hypertension, and vascular disease.14,15  These concomitant renal risk factors were 
excluded in this study to avoid additional influence on the levels of these markers. 
In conclusion, this study in low risk patients shows that on-pump coronary surgery 
induces reversible subclinical renal damage both at the glomerular and tubular level, 
whereas off-pump revascularization attenuates this damage. 
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Abstract

Background:  In cardiac surgery with cardiopulmonary bypass (CPB), corticosteroids 
are administered to attenuate the physiological changes caused by the systemic 
inflammatory response. The effects of corticosteroids on CPB-associated renal damage 
have not been documented. The purpose of this study was to evaluate the effects of 
dexamethasone on perioperative renal dysfunction in patients undergoing cardiac 
surgery with CPB.                                                                                 

Methods:  Renal damage was prospectively studied in 20 without concomitant 
morbidity patients undergoing coronary artery surgery with CPB. Patients were 
randomized in a double-blind fashion to receive dexamethasone or placebo. Markers 
of glomerular function (creatinine clearance) and damage (microalbuminuria), and 
markers of tubular function (fractional excretion of sodium [FENa] and free water 
clearance) and damage (N-acetyl-β-D glucosaminidase [NAG]) were evaluated in 
addition to plasma and urinary glucose levels. Plasma and urinary specimens were 
obtained at the following time periods: (1) baseline, during the 12 h prior to surgery; 
(2) skin incision prior to heparinization; (3) from heparinization till the end of CPB; 
(4) during the 2h following weaning from CPB; (5) in the intensive care unit from 2 
to 6 h after weaning of CBP; (6) and from 36 to 60 hours after weaning of CPB.

Results: CPB was associated with an increase in sensitive markers in the placebo group, 
which returned to baseline during the second postoperative day, demonstrating a 
transient impairment of glomerular and tubular renal function. Similar patterns were 
observed in patients treated with dexamethasone. While postoperative glycosuria 
was significantly higher in the dexamethasone treated group, no other differences 
between groups were observed.

Conclusion:  Dexamethasone administration prior to CPB has no protective effect on 
perioperative renal dysfunction in low risk cardiac surgical patients. 
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Introduction

Perioperative renal dysfunction in cardiac surgery contributes to postoperative 
morbity, mortality and prolonged hospital stay.1 In particular, a transient decline in 
renal function is observed in patients with normal preoperative renal function during 
surgery involving cardiopulmonary bypass (CPB).2 The mechanism underlying this 
decline in renal function during CBP is thought to be multifactorial in origin, and 
related to hypoperfusion, loss of pulsatile perfusion, haemolysis, and a systemic 
inflammatory response.3 The systemic inflammatory response is induced by contact of 
cellular and humoral blood components with the extracorporeal circuit. In addition, 
complement activation and cytokine release triggered by CPB causes endothelial 
adherence of leucocytes followed by margination, degranulation, and ultimately tissue 
destruction.4,5 It is recognized that the activation and degranulation of neutrophils is 
an important pathway in the pathogenesis of the systemic inflammation after cardiac 
surgery with CPB. 
The administration of corticosteroids, before the institution of CPB, has been 
advocated to attenuate the inflammatory response in the postoperative period.6  High 
dose systemic corticosteroids reduce chemotactic sensitization of neutrophils and 
subsequent tissue sequestration. In addition, corticosteroids also inhibit the activation 
of cytokines.7  Nevertheless, the effect of corticosteroids on the CPB associated renal 
function loss has not yet been documented. In a prospective randomized double blind 
study, we examined the effects of dexamethasone on perioperative renal dysfunction 
in low-risk patients undergoing coronary artery bypass graft surgery with CPB. The 
injury to glomerular and tubular structures was assessed by measurement of sensitive 
markers of glomerular and tubular dysfunction and damage.  
                    

Patients and methods

Patients
The study was approved by the hospital ethics committee. Patients scheduled for first 
time coronary artery bypass graft surgery were prospectively screened according to the 
entry criteria. After informed consent, patients with a normal renal function as assessed 
by a serum creatinine < 120 µmol l-1 and normal urinalysis were included. All patients 
had coronary artery disease but normal cardiac function (ejection fraction > 45%), 
cerebral and hepatic function. None of the patients received ACE inhibitors or diuretics. 
Patients with diabetes, recent myocardial infarction, hypertension, unstable angina, or 
recent use of radiocontrast media were excluded, as these conditions are associated 
with increased baseline levels of the urinary markers employed in this study. 
 
Anaesthetic management 
Patients (n=20) were randomized in a double-blind fashion to receive either 
dexamethasone or a placebo. A baseline serum glucose sample was obtained after 
overnight fasting. In the treatment group, patients received dexamethasone 1mg kg-1 
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before induction of anaesthesia and 0.5 mg kg -1 8 hours later. Patients in the control 
group received a placebo. Anaesthesia was provided according to a fixed protocol. 
Premedication consisted of oral diazepam 10-15 mg 2 hours preoperatively. After 
insertion of peripheral venous and radial arterial cannulae under local anaesthesia, 
general anaesthesia was induced with sufentanil 2.5 µg kg-1 and midazolam 0.1 mg 
kg-1. Tracheal intubation was achieved with pancuronium 0,1mg kg-1 and the lungs 
were ventilated with air and oxygen (FiO

2
=0.4). A flow-directed pulmonary artery 

catheter was inserted into the right internal jugular vein, and an indwelling bladder 
catheter was used for urine collection. Rectal temperature was measured continuously 
in the first 24 postoperative hours. Anaesthesia was maintained with sufentanil, 
midazolam and pancuronium.  Cefuroxime 1.5 g was administered after induction. 
Hydroxyethyl starch 6 % solution and lactated Ringer’s solution were used to obtain 
a mean arterial pressure (MAP) of > 60 mm Hg to maintain filling pressures and 
cardiac output. Transfusions of packed cells were given if the haemoglobin fell below 
5.0 mmol l-1. According to our standard practice, intravenous insulin was started at 
a serum glucose > 10 mmol l-1.  In the intensive care unit, inotropic support with 
dopamine was started at a cardiac index <2.2 litre min-1 m-2. Diuretics, mannitol or 
aprotinin were not administered during the study period. Patient characteristics and 
perioperative variables were prospectively recorded.

Cardio Pulmonary Bypass
Non-pulsatile CPB was performed with a roller pump and membrane oxygenator 
(Cobe Optima; Cobe Laboratories; Lakewood, CO). The extracorporeal circuit was 
primed with 500 ml hydroxyethyl starch 6 % and 1000 ml lactated Ringer’s solution. 
Flow during CPB was maintained at 2.2 litre min-1 m-2 during moderate hypothermia 
(320 C) with α-stat regulation of blood pH. Cold St. Thomas solution was infused into 
the aortic root to maintain cardioplegia during aortic cross clamping. During CPB, the 
mean arterial pressure was allowed to vary between 60 and 90 mm Hg. Deviations 
beyond this range were corrected with phenylephrine or nitroglycerine. 

Renal markers
Glomerular function was determined by measuring creatinine clearance, while tubular 
function was assessed from fractional excretion of sodium and free water clearance. In 
addition, the urinary albumin excretion was used as an index of glomerular capillary 
damage, while tubular damage was determined by measurement of excreted N-acetyl-
ß-D-glucosaminidase (NAG).  Plasma and urinary osmolality, serum concentrations 
of sodium and creatinine, urinary concentrations of glucose, sodium, creatinine, 
microalbumin, and NAG were measured during six intervals: (1) baseline, during the 
12 h prior to surgery; (2) from skin incision prior to systemic heparinazation; (3) 
from heparinization till the end of CPB; (4) during the 2h after weaning of CPB; (5) at 
the intensive care unit from 2 to 6 h after weaning of CBP; (6) from 36 to 60 h after 
weaning from CPB. For each interval, the fractional excretion of sodium, free water 
clearance, creatinine clearance, urinary excretion of microalbumin, and urinary NAG 
excretion were calculated.
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Laboratory methods
Urine samples were stored at -20°C for the determination of glucose, sodium, 
creatinine, osmolality, albumin, and NAG. Plasma samples were transported to the 
laboratory immediately and glucose, sodium, creatinine, and osmolality were 
determined using a Vitros analyzer (Ortho Clinical Diagnostics, Beerse, Belgium) 
and Osmomat analyser (Gonotec, Salm and Kipp, The Netherlands) respectively. 
Urine microalbumin was determined by a nephelometric method according to 
the instructions of the manufacturer (DADE- Behring, Leusden, The Netherlands). 
Individual urinary NAG levels were determined by means of a modified enzyme 
assay according to Lockwood 8 at pH 4.5 and corrected for non-specific conversion 
(HaemoProbe, Groningen, The Netherlands). 

Statistical analysis 
Results are presented as mean ± SD or median (range). Measurements of microalbumin 
and NAG are expressed as ratio to creatinine concentration to correct for changes in 
urinary flow. The results were analyzed using repeated measures analysis of variance, 
Student’s t-test, Mann-Whitney test, and Chi-square test. Statistical significance was 
accepted at p < 0.05.   

Results                                                                                                                                               
                                 
Twenty patients were randomized into two equal groups, and all patients completed 
the study. The following complications were observed: repeat surgery for bleeding 
(n=2); perioperative myocardial infarction (n=1); atrial fibrillation (n=1); and 
nosocomial pneumonia (n=1). Six patients in the dexamethasone group and 1 patient 
in the placebo group received insulin to regulate serum glucose in the postoperative 
period (p=0.05). Seven patients in the dexamethasone group and two patients in the 
placebo group received dopamine in a concentration < 5 µg kg-1 min-1 because of a 
low cardiac index (p=0.025). In the first 24 postoperative hours, rectal temperature 
was higher in the placebo group (dexamethasone-treated: 37.2 ± 0.3°C, placebo 37.9 
± 0.8 °C, p=0.02). Further patient characteristics and operative data are shown in 
Table 1. Mean age and body mass index were slightly higher in the dexamethasone 
treated group compared to placebo. Marked blood loss occurred in one patient in 
the dexamethasone group, who received 13 units of blood more than 6 hours after 
bypass. As this would affect only time point 6 of the study, this patient is included in 
the analysis. 
There was no clinical or laboratory evidence of postoperative renal dysfunction in 
either group. Urine output during surgery and in the postoperative period did not 
differ between groups (Figure 1).
The time course of glomerular function is shown in Figure 2. At baseline, glomerular 
variables were similar and within the normal range in both groups. Both groups 
showed a similar increase  in creatinine clearance in the first two hours after CPB, albeit 
not significantly, which returned to baseline values on the second postoperative day. 
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During the entire observation period no differences in creatinine clearances between 
the groups were found. Urinary microalbumin excretion increased in both groups with 
a peak at the end of CPB (p= 0.007 and p= 0.005 in the placebo and dexamethason 
group compared to baseline values, respectively), and returned to baseline on the 
second postoperative day. 
The time course of tubular variables is given in Figure 3. At baseline, no differences 
between variables were found. Fractional excretion of sodium increased in both groups 
after the start of bypass (p= 0.013 and p= 0.007 in the placebo and dexamethason 
group compared to baseline values, respectively), and returned to baseline values at 
the second postoperative day, with no differences observed between both groups. Free 
water clearance also increased during CPB in both groups and returned to baseline 
on the second postoperative day. In the intensive care unit, free water clearance was 
decreased in both groups compared to baseline values (p= 0.028 and p= 0.022 in the 
placebo and dexamethason group compared to baseline values, respectively). Finally, 
the urinary excretion of NAG increased during the operative period and returned 
to baseline levels on the second postoperative day in both groups (p= 0.007 and 
p= 0.005 in the placebo and dexamethason group compared to baseline values, 
respectively). In patients treated with dexamethasone, glycosuria was observed at 
earlier time points and of a larger magnitude than in the placebo group (Table 2). 
In the intensive care unit, glycosuria in the dexamethasone group returned towards 
baseline values due to insulin therapy.        

Table 1. Patient characteristics and perioperative data.

Dexamethasone Placebo  p value

Patient, No 10 10

Male/female sex, No 9/1 8/2

Age, yr  67.7± 6.2 59.6±8.4 0.03

BMI kg m-2 27.4±3.0 24.7±1.8 0.03

Preoperative creatinine, µmol l-1    87.5±16.3    95.5±15.2 0.30

Duration of CPB, min 116±28    96±24 0.11

Duration of operation, min  258±63  232±54 0.33

Aorta cross-clamping, min    75±22     61±18 0.17

Distal anastomoses, No    2.9±0.7      3.3±0.7 0.22

Units of blood transfused, No    2.2±3.9      1.3±1.6 0.51

Serum glucose, baseline mmol l-1    6.9±1.7      6.2±1.7 0.32

Highest postoperative glucose 11.1±1.4      9.1±2.7 0.05

Highest rectal temperature, oC 37.2±0.3    37.9±0.8 0.02

Creatinine day 1, µmol l-1    90.0±23.3     95.0±12.3 0.57

Length of stay in ICU (days)    1.2±0.4     1.1±0.3 0.56

No = number      
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Figure 1. Urine output in the two groups (mean ± SEM) 
at six time points: (1) baseline, during the 12 h prior 
to surgery; (2) from skin incision prior to systemic 
heparinization; (3) from heparinization until the end of 
CPB; (4) during the 2h after weaning of CPB; (5) in the 
intensive care unit from 2 to 6 h after weaning of CBP, 
and (6) from 36 to 60 h after weaning of CPB.
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Figure 2. Changes in creatinine clearances (Cl Creat; left) and microalbuminuria (right) in the two 
groups (mean ± SEM) at six time points: see legend to figure 1. Significant difference from baseline 
levels for dexamethasone treated patients (*) and placebo treated patients (#); p<0.05.

Table 2. Urinary glucose (mmol l-1). 

Sample period Dexamethasone Placebo p value between groups

1 0.4 (17.4) 0.5 (3.3) 0.85

2 0.6 (108.6) 0.8 (2.8) 0.63

3 1.4 (78.4)* 1.0 (4.5) 0.63

4 4.9 (49.0)* 0.4 (4.2) p<0.01

5 16.2 (64.7)* 0.8 (28.4) p<0.01

6 1.5 (203)# 0.8 (55.5)# 0.36

Data median (range) Sample period: see legend to figure 1. 
*,# = significant increase over baseline levels, p<0.01 and p<0.05, respectively
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Discussion                                                                                                                                            
                    
In this randomized, double blind study we demonstrate that dexamethasone does not 
exert an obvious protective effect on the transient perioperative renal dysfunction 
that occurs in cardiac surgical patients operated with CPB. While the release patterns 
of several sensitive markers clearly demonstrate a transient impairment of glomerular 
and tubular renal function, these patterns were similar in the perioperative period 
in both placebo and dexamethasone treated patients and returned to baseline levels 
within three days. The transient subclinical renal damage observed in low risk cardiac 
surgical patients undergoing CPB is in accordance with previous investigations.2,9-11                                                                                                          
With respect to the effects of corticosteroids on renal function in cardiac surgical 
patients, limited information is available. Nonoyama and colleagues studied the effect 
of a massive dose of dexamethasone on renal function and suggested that the drug 
had a protective renal effect as evidenced by an increase in urinary output from a 
solute diuresis. However, no difference in creatinine clearance were observed.12 To 
our knowledge, our study is the first randomized double-blinded study evaluating 
the effect of dexamethasone on perioperative renal function by assessing functional 
parameters and levels of specific markers related to glomerular and tubular function. 
In every patient, the time course of renal markers was studied during the postoperative 
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period, which demonstrated reproducible elevations in patients who underwent 
CPB. As both time course and multiple markers were studied, a substantial beneficial 
effect of dexamethasone on renal impairment should have been detected despite 
the limited patient numbers, as we found previously in patients undergoing beating 
heart surgery.2  How does one explain the absence of any effect from dexamethasone? 
First, the dexamethasone dosage may have been inadequate. This explanation seems 
unlikely, in view of the marked temperature and diabetogenic effect observed in the 
dexamethasone treated patients. A second explanation may be that dexamethasone 
does not adequately prevent the sensitization of neutrophils and their subsequent tissue 
sequestration. Indeed, Gu and colleagues recently demonstrated that dexamethasone 
in a dose of 1 mg kg-1 did not stabilize neutrophils, and that priming and sensitization 
of neutrophils occurred before commencing CPB.13 Yet the contribution of the 
inflammatory response to transient renal dysfunction during CPB is still unclear. It 
was recently suggested that leukodepletion during cardiac surgery with CPB may offer 
some renal protection, as demonstrated by Tang and colleagues.14  A third explanation, 
related to neutrophil activation, may be the inability of dexamethasone to mitigate 
complement activation. It has been demonstrated that corticosteroids do not prevent 
the perioperative increase in blood levels of C3a in patients undergoing cardiac 
surgery with CPB.6,15,16  Alternatively, the transient renal dysfunction observed in CPB 
may be caused by other factors that are probably unaffected by dexamethasone, such 
as non-pulsitile flow or hypoxia.
Controversy exists about the beneficial effect of corticosteroids in patients undergoing 
cardiac surgery with CPB.17 Beneficial effects of corticosteroids have been reported 
in several clinical investigations, including improved haemodynamics (increased CI, 
decreased SVR) and increased pulmonary compliance.18,19  The effect of dexamethasone 
on pro- and anti-inflammatory cytokine responses during coronary artery bypass 
grafting with CPB has been studied by El Azab and colleagues.20  Dexamethasone 100 
mg before induction of anaesthesia changes the circulating cytokine profile in an 
anti-inflammatory direction, and results in a more stable cardiovascular postoperative 
course and a shorter stay in the intensive care unit. In contrast, Chaney and colleagues 
reported that administration of corticosteroids demanded increased haemodynamic 
support and a prolonged intubation time, while Mayumi and colleagues found increased 
blood glucose levels.15,16,21  Furthermore, in a study by Niazi and colleagues, patients 
were randomized into three groups to receive, prior to CPB, methylprednisolone 30 
mg kg-1, dexamethasone 6mg kg-1, or placebo therapy.22  In this study, no differences 
in perioperative variables were found between the dexamethasone and placebo group. 
In our study, we did not observe an overall beneficial effect from dexamethasone 
treatment. Patients in the dexamethasone group significantly more often received a 
low dose of dopamine.  In addition, dexamethasone treated patients tended to longer 
aorta cross clamping time and a lower number of grafts compared to placebo patients. 
The difference in inotropic support may hence be explained by surgery related 
factors, including  less favourable coronary artery anatomy or less effective myocardial 
protection. Alternatively, dexamethasone treatment may have impaired cardiovascular 
performance requiring additional inotropic support. Nevertheless, despite increased 
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inotropic support, the ICU stay of dexamethasone treated patients was not extended. 
Furthermore, the postoperative serum glucose level was significantly higher in the 
dexamethasone group, resulting in pronounced glycosuria with a subsequently 
need to insulin administration. It has been reported that pronounced hyperglycemia 
may lead to complications in critically ill patients.23 Van de Berghe and colleagues 
demonstrated that normalization of blood glucose with intensive insulin therapy 
reduces morbidity and mortality among critically ill patients in the surgical intensive 
care unit.24 Taken together, these observations suggest that corticosteroids offer no 
overall clinical benefit in low risk patients undergoing cardiac surgery with CPB. 
A number of studies have investigated release patterns of markers of renal dysfunction 
in cardiac surgery patients undergoing CPB 2,9-11 While creatinine clearance is of 
limited value, a number of additional markers display a transient increase during 
the bypass and ICU period, and normalize during the first postoperative week 2,10,11. 
While this  generally holds true for NAG activity, its activity at specific time points is 
difficult to compare between studies because of differences in  sampling methodology, 
i.e. production versus background levels, and  assay method used, resulting in large 
variations in NAG activity. Specifically, this applies to the secondary NAG peak found 
by assessing urinary levels of specimens obtained at 48 h post surgery in CPB patients 9. 
In our current and previous study2, which employed a sampling period from 36-60 
h post-surgery, this secondary peak was not identified. 
A limitation of the current study is that - despite randomization - patients in the 
dexamethasone group were slightly older and hence the possibility of confounding 
exists. However, its impact seems limited, as baseline values of sensitive markers 
were similar in both groups and no correlations were found between age and the 
baseline levels of renal markers or their increase during CPB. The similarity of the 
patient groups is likely due to the inclusion of low- risk patients without concomitant 
comorbidity. Further, in the present study a small beneficial effect of dexamethasone 
administration compared to placebo may have gone unnoticed. However, such a 
possible effect seems clinically irrelevant in view of the the major protection from 
renal damage by off-pump surgery in a similar patient population.2

In conclusion, in this study, transient subclinical renal damage was demonstrated in low 
risk patients undergoing coronary artery bypass grafting with CPB. Dexamethasone 
administration prior to CPB was without beneficial effect. More importantly, 
dexamethasone did not display any protective effect on the transient impairment of 
renal function which occur during cardiac surgery. 
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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.
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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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Abstract

Background: Preoperative left ventricular dysfunction and postoperative renal 
function deterioration are both associated with increased long-term mortality 
following cardiac surgery. The influence of preoperative left ventricular dysfunction 
on postoperative renal dysfunction and long term mortality is not defined.                  

Methods: We collected data from 641 consecutive patients undergoing coronary 
bypass surgery with cardiopulmonary bypass in 1991 at our institution. Prospective 
follow-up was through July 2004.      

Results: In-hospital mortality was 2.7% (17 of 641). During follow-up 248 (40%) 
patients discharged alive died (5- and 10-years survival 90% and 70%, respectively). 
On univariate analysis preoperative left ventricular dysfunction (ejection fraction 
[EF] <50%) and an increase in serum creatinine ≥25% in the first postoperative 
week were associated with long-term mortality. The associated mortality risk was 
additive in predominantly non-overlapping patients groups: the hazard ratio (HR) 
for renal function deterioration only was 1.41 (95%CI 0.95-2.32, p=0.083; n=64), 
and for left ventricular dysfunction only 1.71 (95%CI 1.26-2.95, p=0.0026; n=73). 
In patients were both were present HR was 3.23 (95% CI 2.52-20.28, p<0.0001; 
n=20). Although post-operative renal dysfunction was associated with left ventricular 
dysfunction (p=0.008), both left ventricular dysfunction and postoperative renal 
function deterioration were independently associated with long-term mortality on 
multivariate analysis, as were age, preoperative estimated creatinine clearance and the 
use of venous conduits.            

Conclusions: Postoperative renal function deterioration and preoperative left 
ventricular dysfunction both independently identify largely non-overlapping groups 
of patients with increased long-term mortality following coronary bypass surgery. 
In the group of patients with both factors present the mortality risks appear additive.

.



81

 Renal dysfunction and left ventricular dysfunction

Ch
ap

te
r 

6

Introduction

Coronary artery bypass graft surgery (CABG) is the most frequently performed 
cardiac surgical procedure in the western world. Despite many advances in surgical, 
anesthetic, and postoperative intensive care procedures, CABG surgery continues 
to be associated with serious morbidity and mortality. Renal dysfunction is among 
the most serious complication after CABG affecting up to 30% of these patients.1,2 

Serious renal dysfunction requiring renal replacement therapy has a high mortality 
rate up to 80%.3 In contrast, it is generally perceived that temporary worsening of 
renal function after cardiac surgery has little clinical relevance.4 Recently, however 
several studies clearly demonstrated that small changes in renal function across a 
broad spectrum of medical and surgical conditions including cardiac and vascular 
surgery resulted in increased in-hospital morbidity and mortality,5-7 and increased use 
of hospital resources. After cardiac surgery the in-hospital mortality associated with 
postoperative renal dysfunction ranged from 15 to 20% compared to 1.1% in patients 
without renal dysfunction.3,5 Moreover, there is emerging evidence that temporary 
renal dysfunction also adversely affects long-term survival in medical and surgical 
patients.6,7 In addition we recently demonstrated, in a cohort of cardiac surgical 
patients with a follow-up time of 100 months, that patients with postoperative renal 
dysfunction (>25% percent increase of serum creatinine from baseline) have higher 
long-term mortality rates.3 Interestingly, the higher mortality rates were similar for 
all patients with postoperative renal dysfunction, whether the creatinine levels had 
returned to the preoperative baseline at discharge or not.                  
Postoperative renal dysfunction is caused by multiple factors. One of the main risk 
factors has been identified in a prospective cohort study, which demonstrated that the 
probability of developing acute renal failure after cardiac surgery mainly depends on 
poor preoperative cardiac performance.8 In accordance, a later prospective follow up 
study of patients with preoperative left ventricular dysfunction undergoing isolated 
CABG surgery showed higher operative and postoperative 5-year mortality rates.9 
Nowadays an increasing number of patients scheduled to undergo CABG surgery has 
impaired left ventricular function.9,10 The contribution of preoperative left ventricular 
dysfunction on postoperative renal dysfunction, with its associated increased long-
term mortality, has to our knowledge not been studied in CABG patients. 
In our previous cohort study we included all adult cardiac surgical patients after 
different type of operations. We found increased long term mortality in the group 
of patients who had postoperative renal function deterioration.3 The present study 
group consists of all CABG patients from the earlier study cohort. We evaluated 
the contribution of preoperative left ventricular dysfunction to postoperative renal 
function deterioration. Moreover, we analyzed the combined influence of both 
conditions on long-term mortality. Furthermore, we hypothesized that the earlier 
observed increased mortality rate after postoperative renal dysfunction remains a 
permanent risk factor and therefore we extended the follow up period from 8 to 13.5 
years for this patient category. 
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Material and methods

Institutional approval was obtained and the need for informed consent was waived. 
All adult patients who underwent elective or emergency isolated coronary artery 
bypass surgery with cardiopulmonary bypass in 1991 entered the study. Patients on 
dialysis prior to cardiac surgery were excluded from further analysis (n=6). Included 
were 641 consecutive patients, and the data of patient charts, intensive care unit 
(ICU) charts, and anesthesia records of these patients were entered into a database. 
The following variables were assessed.

Preoperative data
Age, gender, body mass index (BMI), cerebral vascular disease, peripheral vascular 
disease, diabetes, hypertension, hypercholesterolemia, pulmonary disease (requiring 
chronic bronchodilator therapy), baseline serum creatinine (serum creatinine was 
obtained the day before surgery and in emergency cases just before surgery), congestive 
heart failure, previous myocardial infarction, previous cardiac operation, previous 
percutaneous angioplasty, number of diseased coronary arteries with stenosis > 70%, 
left main coronary artery stenosis > 50%, urgent and emergent surgical priority, and 
radiocontrast agent within 1wk were assesed. Preoperative left ventricular function 
was measured by left ventriculography in the right anterior oblique position as a 
routine registration in conjunction with preoperative coronary angiography and 
evaluated by the attending cardiologist; ventricular function was catagorized into 
three groups: normal left ventricular function: (ejection fraction >50%), moderate 
left ventricular function (ejection fraction >25% and <50%), and markedly reduced 
left ventricular function (ejection fraction <25%). In four patients preoperative left 
ventricular measurement was missing (0.6%). The Cockroft-Gault formula was used 
to estimate preoperative creatinine clearance.11                             

Intraoperative data
Coronary artery bypass surgery was done according to the institutional protocol. The 
left internal mammary artery has been used as the graft of choice to bypass the left 
anterior descending branch (LAD). The decision to use arterial or venous conduits 
was made by the attending surgeon. Arterial conduits include left and right internal 
mammary arteries (LIMA, RIMA) and the gastroepiploic artery (GEA). Saphenous 
veins were used as venous conduits. The use of arterial or venous conduits was 
divided into catagories: 1) complete arterial revascularization; 2) arterial and venous 
conduits; 3) venous conduits. Other intraoperative data include, use of aprotinin, 
duration of CPB, duration of operation, urine output during operation, and lowest 
hematocrit during CPB.

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, intra aortic balloon pump (IABP), length of stay 
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in the intensive care unit, dialysis, low cardiac output syndrome (cardiac index 
<  2.2 L/min/m2), in-hospital mortality were registered. 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. 

Long-term follow-up data
After a follow-up time of 13.5 years the vital status of all patients as of July 2004 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. No patients were lost and outcome assessment 
was complete.

Anesthesia, CPB and ICU management 
The patients received total intravenous anesthesia. Induction started with sufentanil 
(0.5 µg/ kg), midazolam (0.05-0.1 mg/kg), and pancuronium (0,1mg/kg) to 
facilitate tracheal intubation. Anesthesia was maintained with sufentanil (2 -5 µg/ 
kg) and a continuous infusion of midazolam (0.1 mg/kg/h). The patients lungs were 
ventilated with air and oxygen (FiO2=0.4). Radial artery and central venous pressures 
were continuously monitored. Aprotinin (2.000.000 IE) was given at the start of CPB at 
the discretion of the surgeon. Non-pulsatile CPB was performed with a non-occlusive 
roller pump and membrane oxygenator (Cobe Optima; Cobe Laboratories; Lakewood, 
CO). The extracorporeal circuit was primed with 500 ml of 6% hydroxyethyl starch 
and 1000 ml lactated Ringer’s solution. An initial dose of heparin 300 IU/ kg was 
given before cannulation of the aorta and right atrium to obtain a kaolin-activated 
clotting time >400 s. Additional heparin was given during CPB when the kaolin-
activated clotting time was less than 400 s. Flow during CPB was maintained at 2.2 
L.min/m2 during moderate hypothermia (320 C) with α-stat pH management. Cold 
St. Thomas solution was infused into the aortic root for cardioplegia during aortic 
cross-clamping. During CPB, the mean arterial pressure was kept between 60 and 
90 mm Hg using phenylephrine or nitroglycerin as needed. After weaning of CPB 
protamine was given in a dose equal to the initial dose of heparin.
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. Indica-
tions for initiation of renal replacement therapy were: signs and symptoms of extra 
cellular volume overload, azotemia, hyperkalemia, and metabolic acidosis that could 
not be managed with other therapies.

Statistical analysis 
All statistical analysis were conducted using SPSS 11.0 for Windows. Data are given 
as mean ± SD.  
Univariate testing of variables between the group of patients who died during 
hospitalization and the group of patients discharged alive was performed with the 
t-test for continuous variables and the χ 2 test for discrete variables. Baseline variables 
were compared among the group with and without preoperative left ventricular 
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dysfunction. Multivariate analysis was performed to test the association of left 
ventricular function with different preoperative variables. Univariate testing was 
also performed to compare the group with and without postoperative renal function 
deterioration. We then used backward logistic multivariate analysis was to test the 
independent association of postoperative renal function deterioration with different 
variables. Variables with a p < 0.1 in the univariate analysis were included in the 
multivariate analysis.  
In the patients who were discharged alive, long-term outcome was studied with 
Kaplan-Meier survival analysis, and the log rank test was used to compare survival 
between groups and hazard ratios (HR) and 95% confidence intervals (CI) were 
estimated for long-term mortality. For univariate survival analysis continuous 
variables were grouped according to quartiles. All variables with a p value < 0.1 in 
the univariate log rank test were included in a multivariate Cox regression analysis. 
Backward variable selection was used until only significant covariates remained in 
the model. Hazards ratios and 95% confidence intervals (95% CI) were estimated for 
independent risk factors. Statistical significance was accepted at p< 0.05.

Results

Clinical characteristics, operative and postoperative variables of the cohort (n=641) are 
summarized in table 1, and dichotomized into patients that were discharged alive or 
died in hospital. The patients with markedly reduced left ventricular function (n=10) 
and moderate reduction in left ventricular function (n=90) were grouped together as 
left ventricular dysfunction. The in-hospital mortality in the entire cohort of coronary 
artery surgery patients was 2.7%. On univariate analysis the patients who died in the 
hospital were older than the patients discharged alive. Furthermore, the patients who 
died in the hospital had significantly more co morbid conditions, including lower 
estimated creatinine clearance, left ventricular dysfunction, pulmonary disease, and 
peripheral vascular disease, and use of aprotinin. They also had more serious operative 
complications, including longer duration of cardiopulmonary bypass, postoperative 
renal function deterioration, postoperative low output syndrome, and re-exploration. 
Renal replacement during hospital stay was required in 3 patients (0.5%) in the 
postoperative renal function deterioration group. Only one of these patients survived 
(67% mortality). In addition, we analyzed whether the intraoperative use of aprotinin 
was associated with adverse renal and cardiac effects. There was a trend towards a 
higher postoperative serum creatinine with a rise of 24 ±87% in the aprotinin group 
compared to 10±32% in the group without aprotinin (p=0.09). Moreover, in the 
aprotinin group significantly more patients had a postoperative myocardial infarction 
(7 versus 11 patients; p=0.022).                
The patients with preoperative left ventricular dysfunction had lower estimated 
creatinine clearances (67,2 ml/min ±18,1 versus 74,4 ml/min ± 22.2; p=0.001), 
and a higher prevalence of peripheral vascular disease, prior percutaneous angioplasty, 
prior myocardial infarction, and triple vessel disease compared with good left 
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Table 1. Preoperative, intraoperative, and postoperative characteristics of 641 patients who underwent 
isolated coronary artery bypass graftinga.

discharged alive died in hospital p value

No. of patients 624 17

Age (yrs)  63.2±9.2 67.6±7.7 0.03

Male/female 478/146 15/2 0.26

BMI (kg/m2)  25.0±2.9 25.2±3.0 0.31

Preoperative Cr (µmol/l) 100.1±21.9 112.3±25.7 0.07

Cockroft-Gault clearance (ml/min)  73.6±21.8  61.3.±14.9 0.004

Preoperative left ventricular dysfunction (%) 93 (14.9) 7(41.2) 0.003

Triple vessel disease (%) 363 (58.2) 13(76.5) 0.14

Pulmonary disease (%) 31(5.0) 4(23.5) 0.001

Diabetes mellitus (%) 72 (11.5) 4(23.5) 0.13

Hypertension (%) 157 (25.3) 4(23.5) 0.87

Peripheral vascular disease (%) 77 (12.4) 6(35.3) 0.005

Prior myocardial infarction (%) 304 (48.9) 11(64.7) 0.19

Urgent and emergent surgical priority (%) 59 (9.5) 4(23.5) 0.06

Venous conduits only (%) 64 (10.3) 2 (11.7) 0.84

Aprotinin (%)          110 (17.6 )  7 (41.2 ) 0.013

Duration of CPB (min)  86.4±29.6 128.5±70.2 0.03

Highest Postop Cr (µmol/l) 110.2±43.2  223.6±151.5 0.007

 Cr change (%)  -4.0±16.0  30.9±51.0 0.012

Renal function deterioration (%) 84 (13.5) 12 (70.6) <0.001

Re-exploration (%) 22 (3.5) 5(29.4) <0.001

Prior CABG (%) 33 (5.3) 2 (11.7) 0.25

Postoperative IABP (%) 12 (1.9) 1 (5.8) 0.25

Postoperative low output syndrome (%) 18 (2.8) 2 (11.7) 0.04

a Data are mean ± SD.              
BMI, body mass index; preoperative Cr, preoperative serum creatinine; CPB, cardiopulmonary bypass; 
Cr, serum creatinine; CABG, coronary artery bypass grafting; IABP, intraaortic balloon pump.
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ventricular function. Using multiple logistic regression an association of preoperative 
left ventricular dysfunction with preoperative estimated creatinine clearance, 
peripheral vascular disease, prior myocardial infarction, and triple vessel disease was 
found (Table 2). 
Likewise, the independent association of postoperative renal function deterioration 
with different variables was tested using multivariate logistic regression analysis. 
Independent predictive factors for postoperative renal function deterioration were 
preoperatively related, age and left ventricular dysfunction and procedure related 
including, postoperative IABP, re-exploration, and emergency operation (Table 3).
During long-term follow-up 248 of the 624 patients discharged alive died (40%). 
Univariate analysis of long-term outcome in the patients discharged alive was analyzed 
with the logrank test (Table 4) and Kaplan-Meier survival analysis. Preoperative left 
ventricular dysfunction resulted in an increased long-term mortality with a HR of 
1.88 (95%CI 1.52-3.22, p<0.0001)(figure 1). Long-term mortality was also seriously 
affected by postoperative renal function deterioration with an increased long-term 
mortality (HR 1.63; 95%CI 1.23-2.66, p=0.0025) (Figure 2). As preoperative left 
ventricular dysfunction was strongly associated with occurrence of postoperative renal 
dysfunction, and both were associated with long-term survival, we analyzed their 
combined influence on long-term survival (Figure 3). Postoperative renal function 
deterioration in the patients with a good ventricular function (n=64) resulted in a 
mortality risk with a HR of 1.41 (95%CI 0.95-2.32, p=0.083). The group of patients 

 Table 2. Variables associated with preoperative left ventricular dysfunction by multiple logistic 
regression analysisa. 

Variable HR (95% CI) p Value

Estimated creatinine clearance (ml/min) 0.988(0.976-1.000) 0.042

Peripheral vascular disease 2.39(1.35-4.24) 0.003

Prior myocardial infarction 4.91(2.83-8.51) <0.001

Triple vessel disease 2.30(1.34-3.97) 0.003

a HR, hazards ratio; CI, confidence interval

Table 3. Predictive factors in multiple logistic regression analysis associated with postoperative renal 
function deterioration after coronary artery bypass surgerya.   

Variable HR (95% CI) P Value

Age (yr) 1.034 (1.007-1.062) 0.014

Preoperative left ventricular dysfunction 2.12 (1.22-3.67) 0.008

Re-exploration 5.42 (2.30-12.77) <0.001

Emergency operation 2.78 (1.47-5.22) 0.002

Postoperative IABP 4.95 (1.49-16.40) 0.013

a HR, hazards ratio; CI, confidence interval; IABP, intra-aortic balloon pump
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Figure 1 Preoperative left ventricular func tion and long-term postoperative survival.
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Figure 1. Preoperative left 
ventricular function and 
long-term postoperative 
survival.

Table 4. Risk factors associated with mortality during long-term follow-up in patients (n=614) 

discharged alive following coronary artery bypass surgerya (logrank test).   

Variable HR (95% CI) p value

Age (yr)          < 57
            57-64
            65-70
            >70

2.68(1.60-3.92)
3.55(2.10-4.83)
7.09(4.26-8.90)

p<0.0001
p<0.0001
p<0.0001

Preoperative Cr (µmol/l)      >86
            87-98
           99-110
            >111 

1.30(0.90-1.88)
1.16(0.79-1.71)
2.00(1.42-2.86)

p=0.16
p=0.44

p<0.0001
Estimated creatinine clearance (ml/min)  >84.7
           71.8-84.7                 
           57.8-71.7 
            <57.7 

2.18(1.37-3.35)
3.73(2.36-5.17)
5.10(3.26-6.81)

p=0.0009
p<0.0001
p<0.0001

Peripheral vascular disease 1.48(1.06-2.09) p=0.023

Prior myocardial infarction 1.42(1.10-1.82) P=0.006

Triple vessel disease 1.62(1.23-2.04) p=0.0004

Left ventricular dysfunction 1.88(1.52-3.22) p<0.0001

Postoperative renal function deterioration 1.63(1.23-2.66) P=0.0025

Venous conduits 2.27(2.02-5.02) P=0.0214

a HR, hazards ratio; CI, confidence interval; Cr, serum creatinine.
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(n=73) with preoperative left ventricular dysfunction and no postoperative renal 
function deterioration showed a significant increased mortality risk with a HR of 1.71 
(95%CI 1.26-2.95; p=0.0026). The highest mortality rate was observed in the group 
of patients (n=20) with a combination of preoperative left ventricular dysfunction 
and postoperative renal function deterioration (HR of 3.23; 95% CI 2.52-20.28, 
p<0.0001). During long-term follow-up none of the patients required dialysis for 
end-stage renal disease. 

Figure 2. Long-term patient survival a ccording to postoperative renal dysfunction.
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Figure 2. Long-term 
patient survival according 
to postoperative renal 
dysfunction.

Figure 3. Long-term survival according to pr eoperative left ventricular function and occurence 
of postoperative renal dysfunction. 
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survival according 
to preoperative left 
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Univariate analysis clearly demonstrated an increased long-term mortality rate of 
preoperative left ventricular dysfunction and postoperative renal dysfunction. To study 
the influence of confounding variables we performed multivariate analysis. Variables 
associated with long-term outcome with a p<0.1 by univariate analysis were included 
in a multivariate Cox proportional hazards analysis to test the independent association 
with long-term outcome. In addition to the variables presented in table 4, congestive 
heart failure, perfusion time, and low cardiac output syndrome were included in 
the multivariate analysis. After adjusting for confounding variables preoperative left 
ventricular dysfunction and postoperative renal function deterioration remained 
significant predictor for long-term mortality. In addition age, estimated preoperative 
creatinine clearance, and the use of venous conduits were also independent risk 
factors for long-term mortality (Table 5)          

Discussion

The main finding of this study is that preoperative left ventricular dysfunction and the 
occurrence of immediate postoperative renal dysfunction, defined as >25% percent 
increase of serum creatinine from baseline, both independently identify groups of 
patients with increased long-term mortality following CABG surgery. Importantly, 
in the group of patients with both risk factors the long-term risk of mortality was 
additive, and nearly doubled. Furthermore, the continued follow-up of our study 
group clearly showed that the increased mortality risk of postoperative renal 
dysfunction still persisted after 13.5 year. 
The observed in-hospital mortality rate of 2.7% in this cohort is consistent with 
published data.8,12 Likewise, short-term mortality rates were increased in patients 
with preoperative left ventricular dysfunction and postoperative renal dysfunction.5,9 
Long-term survival rate in our patients was high, with an estimated 5-year survival 
of 90% in all the patients. Similar results were reported in the European Coronary 
Surgery Study with a follow-up time of 12 years.13

Table 5. Independent predictive factors in Cox proportional hazards analysis for long term mortality 
after coronary artery bypass surgery.   

Variable HR (95% CI) P Value

Age (yr) 1.06 (1.04-1.09) <0.001

Left ventricular dysfunction 1.62 (1.19-2.22) 0.002

Estimated creatinine clearance 0.98 (0.97-0.99) 0.004

Venous conduits only 1.40 (1.03-1.92) 0.034

Postoperative renal function deterioration 1.42 (1.02-1.99) 0.040
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Adverse effect of postoperative renal dysfunction on short-term mortality.
The influence of renal dysfunction on increased in-hospital mortality has been 
studied in different patient categories including, medical- and cardiovascular surgical 
patients.6,14 Chertow et al. 6 studied a large cohort of hospitalized patients with a 
wide variety of conditions, which were categorized according to the International 
Classification of Diseases (ICD9). They concluded that modest changes (>0.5mg/dl) 
in serum creatinine were clearly associated with mortality, length of stay and costs, 
even after adjustment for age, gender, admission diagnosis, severity of illness, and 
chronic kidney disease. Levy et al. evaluated the impact of contrast media induced 
renal dysfunction on mortality in a matched-pairs cohort study.15 In-hospital mortality 
was increased in patients who developed renal dysfunction (defined as an increase 
in serum creatinine level of at least 25%) after radiocontrast procedures. Accordingly, 
Lassnigg et al. found that even a minimal increase of serum creatinine in patients 
after cardiothoracic surgery was associated with a substantial decrease in survival.14 
Also, after open abdominal aortic surgery small temporary changes in renal function, 
resulted in increased in-hospital mortality.7 Thus, worsening of renal function in 
specific patient categories results in increased short- term mortality. 

Adverse effect of postoperative renal dysfunction on long-term mortality
Until now, the importance of postoperative worsening of renal function on long-term 
survival has been ignored. In a recent study, patients after CABG surgery were stratified 
by the percentage increase in creatinine from baseline. After a follow-up of 90 days, 
patients with the largest creatinine increases (50% - 99% or >100%) had a significantly 
higher mortality compared with patients with a smaller increase (<50%).16 Due to a 
limited follow-up time the survival in the categories was mainly determined by the 
mortality within 30 days, which is consistent with our reported in-hospital mortality. 
In addition to our previous observations,3 the findings of the present study, with 
an extended follow-up period of 13.5 year, clearly confirm that modest changes of 
renal function in CABG patients result in an important effect on long-term mortality. 
Interestingly, Welten et al. described the same effect in a different group of patients 
after a 10-year follow-up.7 Temporary worsening of renal function (>10% estimated 
creatinine clearance by Cockcroft-Gault formula) during the first three days following 
elective open abdominal aortic aneurysm surgery was associated with higher long-
term mortality. Remarkably, although renal function may recover completely during 
the first postoperative week after this type of surgery, these patients remain at high 
risk of long-term mortality. We observed the same phenomenon: cardiac surgical 
patients with postoperative renal dysfunction have the same mortality risk whether 
the creatinine levels had returned to the preoperative baseline at discharge or not.3 

Thus, these findings suggest that temporary worsening of renal function after major 
cardio- and vascular surgery has an extended effect on long-term mortality. 

Adverse effect of Left ventricular dysfunction on mortality.
In this study preoperative left ventricular dysfunction is a major risk factor for post-
operative renal dysfunction and mortality. We analyzed the contribution of patient 
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and procedure related factors. In line with earlier studies9,10 we observed an increased 
prevalence of peripheral vascular disease, previous myocardial infarction, and multi-
vessel disease, and lower levels of estimated preoperative creatinine clearance in the 
patients with ventricular dysfunction. Preoperative left ventricular dysfunction may 
reduce the ability to cope with the stress of complicated surgery and hemodynamic 
derangements. Furthermore, these complications, including postoperative low car-
diac output syndrome, re-exploration, and postoperative IABP, have impact on the 
perioperative hemodynamic stability and may have contributed to postoperative renal 
function deterioration as shown in this study. The in-hospital and long term mortal-
ity rate in our patients with left ventricular dysfunction were significantly increased 
confirming an earlier study by Appoo et al with a follow-up of 5 years.9 Hazard ratio’s 
for death In Appoo’s study were adjusted for several known independent variables ex-
cept postoperative renal dysfunction. The data from our study however, demonstrate 
an important contribution of postoperative renal dysfunction on long term mortality, 
and in patients with preoperative left dysfunction the mortality risk almost doubled.
In the present study we focused on the effects of preoperative left ventricular 
dysfunction and early postoperative renal dysfunction on long-term mortality. In 
addition we identified other independent risk factors associated with adverse outcome 
including age, preoperative renal function and the use of venous conduits only.                        
A decreased survival rate due to cardiovascular risk factors has primarily been 
described in patients with end-stage kidney disease. However, there is increasing 
evidence that mild to moderate preoperative renal dysfunction is associated with 
adverse long-term outcome in patients with several cardiovascular disease states.17 
Shlipak et al. examined over 130.000 patients and found that established renal disase 
is a risk factor for death after myocardial infarction.18 Recently Hillis et al. found 
that preoperative estimated glomerular filtration rate (eGFR) was an independent 
predictor of mortality during the follow-up after coronary artery bypass grafting.19 
Cooper et al. evaluated 500.000 patients undergoing cardiac surgery and found that 
operative mortality increased with declining eGFR.20 Our study support these data 
because univariate and multivariate analysis revealed that preoperative renal function 
was significantly associated with long-term mortality. 
For many years aprotinin has been used routinely to reduce perioperative blood loss in 
cardiac surgery. However, recently the safety of this widely used drug was questioned 
because of increased risk of cardiovascular events, postoperative renal dysfunction, 
and long-term mortality.21,22 In our study aprotinin was used to the discretion of 
the surgeon in 18% of the patients. In these patients we observed an increased risk 
of postoperative myocardial infarction and a trend towards postoperative renal 
dysfunction. However, after adjusting for confounding variables in multivariate 
analysis we found no association with long-term mortality. 
The mechanism of the adverse effects of aprotinin are not fully understood. Particularly 
the link between the observed postoperative organ injury and long term mortality 
remains unclear. One of the explanations is that aprotinin is the mediator of long term 
death via coronary thrombosis.21,22 A recent alternative hypothesis is that renal injury 
leads to chronic kidney disease, which is an additional risk factor for cardiovascular 
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morbidity and mortality.23 Postoperative renal dysfunction after cardiac surgery is 
multifactorial in origin and aprotinin is clearly one of the factors involved. The data of 
our study, demonstrating worse outcome after renal injury, supports this hypothesis. 
Additional prospective follow up studies, using a sensitive definition of postoperative 
renal dysfunction, might address this clinically important issue.              
This study has some limitations. First, this study is a single-center experience and 
may not be generalizable to other medical centers. Differences in selection and 
patient treatment may to some extent influence outcome. However, risk factors for 
postoperative renal function deterioration are consistent with the risk factors found 
in previous studies, and the in-hospital and long-term mortality are in line with 
the results of other studies. Second, multivariate analysis has been used to reduce 
confounding in determining the long-term mortality risk with several variables. 
However, additional confounders could have influenced our results; differences in 
additional medical therapy with antiplatelet drugs, management of dyslipidimias, or 
ACE inhibition in this population could have influenced outcome.     
In conclusion postoperative renal function deterioration and preoperative left 
ventricular dysfunction both independently identify largely non-overlapping groups 
of patients with increased long-term mortality following CABG surgery. From a 
clinical perspective it is important that, in patients with both risk factors the long-term 
mortality nearly doubled. Thus, these risk factors identify patients who may benefit 
from more prolonged and intensive medical follow up, and treatment strategies. 
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General discussion

It was found in this thesis  that patients undergoing cardiac surgery are at risk for 
postoperative renal function deterioration. This deterioration is associated with 
increased morbidity, in-hospital mortality, and prolonged hospital stay. The reasons 
why even small  alterations in renal function can lead to increases in hospital mortality 
are unclear. Possible explanations include the untoward effects of renal dysfunction, 
such as volume overload, retention of uraemic compounds, acidosis, electrolyte 
disorders, increased risk for infection and anaemia. A new finding by our group 
is that long-term survival is also adversely affected by an episode of postoperative 
renal function deterioration. Until now, the effect of postoperative renal function 
deterioration on long-term survival has been ignored and the mechanism involved 
is not fully understood. It has been suggested that perioperative renal injury leads to 
chronic kidney disease, which is an additional risk factor for long-term cardiovascular 
morbidity and mortality. This issue will require further exploration and preventive 
strategies should be evaluated in well-designed clinical trials.
Furthermore, it is commonly perceived that preoperative renal dysfunction poses 
an increased risk for postoperative renal function impairment. Using the current 
gold standard,  radio active tracers, for renal function measurements, we have 
demonstrated that in patients with preoperative mild renal dysfunction cardiac 
surgery with CPB did not adversely affect renal function. While the glomerular 
filtration rate (GFR) increased in the first postoperative week, the effective renal 
plasma flow (ERPF) did not change. In accordance with these findings the filtration 
fraction (FF) increased in the first postoperative week. This postoperative increase 
in FF deserves further evaluation because an elevated FF is a sign of elevated 
glomerular filtration pressure with possible deleterious consequences for long-
term renal function. Follow-up studies, using renal function measurements, in 
cohorts of cardiac surgical patients might provide further insight in these issues.                                                                                                                                    
Importantly, there has been no reduction in the incidence of postoperative renal 
failure in the last decade despite improvement of perioperative care and renoprotective 
strategies, the latter, therefore, prove to be ineffective. There are several reasons for 
this lack of progress in this field of research. Firstly, there is no standard definition 
for postoperative renal failure. A consensus definition is necessary to assess the exact 
incidence of postoperative renal dysfunction, to compare the incidence across centres 
and to evaluate interventions and renoprotective strategies aimed at mitigating 
postoperative renal injury. Assessing renal function by daily serum creatinine 
determination seems to be a useful clinical parameter to study postoperative renal 
dysfunction. The highest  in-hospital increase  in serum creatinine relative to baseline 
(%ΔCrea) should be considered as a marker of renal injury. The cut-off value of this 
marker should be sensitive, specific and predictive of clinical outcome. Considering 
the impact of postoperative renal function deterioration on in-hospital mortality and 
the long-term survival of cardiac surgical patients, a postoperative increase in serum 
creatinine of at least 25% has been a useful parameter in several studies. Recently, 
the RIFLE  criteria have been published by the Acute Dialysis Quality Initiative, a 
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group of experts in the field of acute renal dysfunction.1 These RIFLE criteria provide 
a uniform definition of acute kidney injury with severity and outcome classes. 
The three severity grades, Risk, Injury, and Failure are defined on the basis of the 
changes in serum creatinine or urine output, and the two outcome criteria, Loss and 
End-Stage Kidney Disease, are defined by the duration of loss of kidney function.                                                             
Secondly, clinical predictive scoring systems for acute renal failure associated with 
cardiopulmonary bypass are not widely used and so need to be validated prospectively. 
These scoring systems aim to predict the risk of perioperative renal dysfunction on 
the basis of preoperative variables in patients undergoing cardiac surgery. Although 
some preoperative risk factors are not modifiable, others might be controlled. 
In the future, an increasing number of elderly patients will be candidates for complex 
cardiac surgery and clinicians will be challenged to mitigate perioperative renal 
injury. Thirdly, no interventions have demonstrated renal protection. Clinically applied 
renoprotective strategies aimed at improving renal perfusion and reducing renal oxygen 
consumption failed to produce the desired effect. The failure of these interventions 
is caused by a number of factors. Firstly, the clinical trials were statistically unable 
to detect small benefits. Secondly, patient populations that have been studied were 
at low risk for postoperative renal dysfunction. Thirdly, enrolment was sometimes 
delayed until long after the onset of kidney injury and lastly, the pathophysiology 
of postoperative renal dysfunction is multifactorial and it is unlikely that one single 
therapy will succeed in mitigating renal injury. Therefore, postoperative renal function 
deterioration after cardiac surgery is multifactorial and involves hemodynamic, 
inflammatory and nephrotoxic factors. Thus, a successful renoprotective therapy will 
need to utilise an integrated strategy that targets these multiple pathways.                                                                                                                       
Until now, the treatment of postoperative renal dysfunction has been supportive, 
including adequate hydration, optimisation of haemodynamic status, correction of 
metabolic derangements, avoidance of nephrotoxic substances and tight glucose 
control. The treatment of cardiac surgical patients at risk for postoperative kidney 
injury may benefit from a multidisciplinary collaboration among cardiac surgeons, 
cardiologists, nephrologists, anaesthetists and intensive care specialist.                                        
Further studies are needed to define the pathophysiologic mechanism and risk factors, 
and to develop clinical and therapeutic strategies to reduce morbidity and mortality 
of postoperative renal dysfunction.
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Summary

Open heart surgery has become a widely performed procedure with nearly 3000 
per day being conducted across the world. The breakthrough and success of this 
procedure has been due to the development of extracorporeal circulation by means 
of cardiopulmonary bypass (CPB). The use of CPB has allowed surgeons to arrest 
the beating heart when necessary, empty the heart of blood, open any chamber and 
carry out reparative procedures. This procedure is not without complications and 
the physiological derangements associated with CPB may lead to acute end-organ 
dysfunction in a substantial number of cases. These complications include poor 
cardiac function, infection, gastrointestinal dysfunction, acute lung injury, stroke, 
and postoperative renal dysfunction. Among these complications postoperative renal 
dysfunction is associated with significant morbidity and mortality. Furthermore, 
postoperative renal failure, requiring dialysis, is an independent risk factor for early 
mortality following cardiac surgery with CPB.  In cardiac surgical patients many risk 
factors have been identified that may account for the deterioration of perioperative 
renal function. Risk factors associated with renal dysfunction in cardiac surgical 
patients can be divided into patient related and procedure related. Thus, patient related 
factors and perioperative renal insults may ultimately result in the development of 
renal injury that is manifested by a decrease in glomerular filtration rate (GFR) and a 
rise in serum creatinine concentration. Despite advances in CPB techniques, intensive 
care, and hemodialysis, morbidity and mortality associated with postoperative renal 
dysfunction have not changed in the last decade. This thesis describes several aspects 
of postoperative renal dysfunction in cardiac surgical patients. Perioperative renal 
function was evaluated by measuring the change of serum creatinine levels from 
baseline values, by using radioactive tracers to assess GFR and ERPF and by urinary 
markers. The influence of cardiac surgery with CPB on renal function and several 
strategies to mitigate the associated renal injury were studied. In-hospital mortality 
and the long-term outcome after postoperative renal function deterioration were also 
studied. Finally, association between preoperative LV dysfunction and acute kidney 
injury (AKI) was identified for long-term mortality in a cohort of patients undergoing 
isolated coronary artery bypass surgery. 
Chapter 1 provides a general introduction and aims of this thesis. 
In Chapter 2, perioperative changes in renal function were evaluated in patients 
with preoperative renal dysfunction undergoing cardiac surgery with CPB. In a 
multicenter study, glomerular filtration rate was measured using radioactive markers, 
preoperatively and on the 7th postoperative day, in patients with preoperative mild 
renal dysfunction. It was found that glomerular filtration rate increased on the 7th 
postoperative day. Furthermore, ERPF was measured in a subset of the patients. 
Interestingly, effective renal plasma flow did not change whereas filtration fraction 
(FF) increased. These results suggest that renal function is not adversely affected 
in patients with preoperative renal dysfunction undergoing cardiac surgery with 
cardiopulmonary bypass and uncomplicated postoperative course. However, the 
postoperative increase in FF deserves further investigation.
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In Chapter 3, perioperative renal damage was studied in patients with normal 
preoperative renal function undergoing coronary artery bypass surgery with and 
without cardiopulmonary bypass. Renal damage was evaluated by functional 
parameters and levels of specific markers related to glomerular and tubular function. A 
transient renal injury was observed in cardiopulmonary bypass patients, as evidenced 
by a decrease in tubular function and increased level of markers of glomerular and 
tubular damage. Changes in these parameters were confined to the intraoperative and 
immediate postoperative period and returned to baseline levels within 2 days. In the 
patients operated without CPB these parameters did not change. Thus in patients with 
normal preoperative function, CPB induces transient subclinical renal damage both at 
the glomerular and tubular level, whereas in the patients operated without CPB this 
transient renal injury was attenuated.  
In Chapter 4, the effects of dexamethasone on perioperative renal dysfunction was 
evaluated in a randomized double-blind study with patients undergoing cardiac surgery 
with cardiopulmonary bypass. Perioperative renal function was evaluated by markers 
for both, glomerular function and damage, and for tubular function and damage,  
in addition to plasma and urinary glucose levels. In both groups, cardiopulmonary 
bypass was associated with an increase in markers which returned to baseline values 
on the second postoperative day. These release patterns were similar in both placebo 
and dexamethasone-treated patients. We concluded that dexamethasone does not 
exert a protective effect on the transient perioperative renal dysfunction that occurs 
in cardiac surgical patients undergoing cardiopulmonary bypass. 
In Chapter 5, both in-hospital mortality and long-term survival (follow-up 100 
mo) was studied for both patients with and those without postoperative renal 
dysfunction in a cohort of cardiac surgical patients (n=843) who underwent surgery 
with cardiopulmonary bypass in 1991. Postoperative renal dysfunction (increase in 
serum creatinine in the first postoperative week of at least 25%) occurred in 145 
(17.2%) patients. The in-hospital mortality in these patients was high (14.5%) 
compared with the patients without renal dysfunction (1.1%). In-hospital mortality 
was independently associated with postoperative renal dysfunction, re-exploration, 
postoperative cerebral stroke, duration of operation, age, and diabetes. In the patients 
discharged alive from the hospital, the risk for mortality was significantly increased 
in those patients with post-operative renal dysfunction compared with the patients 
without renal dysfunction. After adjusting for the effects of age, peripheral vascular 
disease, operation time and pre-operative renal function, post-operative renal 
dysfunction was still associated with a higher long-term mortality risk. Interestingly, 
the elevated long-term mortality risk was independent of whether renal function 
had recovered at discharge from hospital in those patients with post-operative renal 
dysfunction. It can be concluded that post-operative renal dysfunction in cardiac 
surgical patients not only increased in-hospital mortality but is also adversely affected 
long-term survival.  
In Chapter 6, whether pre-operative LV dysfunction and acute kidney injury (AKI) 
are independent or interrelated risk factors for long-term mortality was evaluated in 
a cohort of 641 patients undergoing isolated coronary artery bypass surgery in 1991. 
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It was found that preoperative left ventricular dysfunction and postoperative AKI both 
separately identify largely non-overlapping groups of patients with a risk of increased 
long-term mortality following coronary bypass surgery. In the group of patients with 
both factors present, the mortality risks appears additive. Risk factors for postoperative 
renal dysfunction were age, postoperative IABP, re-exploration, emergency operation 
and preoperative left ventricular dysfunction. Risk factors for long-term mortality 
included age, preoperative estimated creatinine clearance, use of venous conduits, 
postoperative renal dysfunction and left ventricular dysfunction. 
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Een openhartoperatie is een veel voorkomende chirurgische ingreep. Wereldwijd 
worden ongeveer 3000 van deze operaties per dag uitgevoerd. Het succes van deze 
chirurgische ingreep is mede te danken aan de ontwikkeling van de hartlongmachine. 
De hartlongmachine neemt tijdens de operatie tijdelijk de functie van het hart en de 
longen over. Zo kan de chirurg operaties aan het hart uitvoeren, terwijl alle organen 
gewoon door functioneren zodat de patiënt in leven blijft. 
Toch is een openhartoperatie niet zonder gevaren en kunnen er complicaties optreden. 
Ook het gebruik van de hartlongmachine kan hiervoor verantwoordelijk zijn. Zo kan 
de hartlongmachine een ontstekingsreactie veroorzaken, die vervolgens weer kan 
leiden tot beschadiging van verschillende organen. Veelvoorkomende complicaties na 
een hartoperatie zijn onder andere: een (tijdelijke) vermindering van de hartfunctie, 
infecties, longbeschadiging, beroerte, en verslechtering van de nierfunctie. 

Relatie nierfunctie, complicaties en overlijden
Uit eerder onderzoek is gebleken dat er een verband bestaat tussen een verslechtering 
van de nierfunctie na een hartoperatie en een toegenomen kans op complicaties, 
overlijden en een langer verblijf in het ziekenhuis van de patiënt. 
Soms is het zelfs zo dat de nieren helemaal niet meer functioneren na een operatie. 
Dat is een heel gevaarlijke situatie, omdat de schadelijke afvalstoffen dan niet meer 
door de nieren uit het bloed verwijderd worden. De kans op overlijden is dan zeer 
groot en bedraagt 60-100%. Als de nieren niet meer functioneren, gaan de artsen over 
op hemodialyse (bloeddialyse) bij de patiënt om zo het bloed alsnog te zuiveren van 
schadelijke afvalstoffen.
 
Complicaties ondanks verbetering techniek en zorg niet verminderd
Helaas zijn de complicaties en het overlijden als gevolg van een verminderde nierfunctie 
na een operatie, de laatste tien jaar niet verminderd, ondanks alle verbeteringen aan 
de hartlongmachine, de intensive care zorg en de hemodialyse. Ook zijn er tot nu 
toe geen medicamenteuze therapieën voorhanden die de nierfunctiestoornissen ten 
gevolge van een hartoperatie kunnen voorkomen. 

Meer inzicht in verstoring nierfunctie noodzakelijk
Wel zijn er steeds meer mensen met chronische aandoeningen die geopereerd worden. 
Ook neemt de leeftijd van de operatiepatiënten nog steeds toe. Oudere mensen en 
mensen met een chronische aandoening zijn in het algemeen kwetsbaarder tijdens 
en na de openhartoperatie. De verwachting is dan ook dat het aantal patiënten met 
complicaties en dus ook nierfunctieverslechtering na een hartoperatie zal toenemen 
in de toekomst. Om die reden is het dus belangrijk meer inzicht te verwerven in de 
verstoringen van de nierfunctie die ontstaan tijdens een hartoperatie. 

Risicofactoren en nierfunctieverslechtering
Er zijn verschillende omstandigheden waardoor de kans op nierfunctievermindering 
na een operatie toeneemt. Deze omstandigheden worden ook wel risicofactoren 
genoemd. Deze risicofactoren kunnen verdeeld worden in: 
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patiënt-gerelateerde factoren;•	
procedure-gerelateerde factoren. •	

Patiënt-gerelateerde factoren hangen samen met de conditie die de patiënt heeft 
voordat hij of zij de hartoperatie moet ondergaan. We spreken bijvoorbeeld van 
patiënt-gerelateerde risicofactoren als een patiënt al op oudere leeftijd is, suikerziekte 
heeft, een verminderde hartfunctie heeft of een reeds gestoorde nierfunctie heeft. 
Komen (een van) deze factoren bij de patiënt voor, dan heeft hij of zij dus een méér 
kans op verslechtering van de nierfunctie na de operatie.
Er zijn ook risicofactoren die samenhangen met het uitvoeren van de chirurgische 
ingreep: de procedure-gerelateerde factoren. Hierbij moet men denken aan de 
duur van de operatie, het gebruik van de hartlongmachine, het stuk gaan van rode 
bloedcellen tijdens gebruik van de hartlongmachine, en bloedarmoede tijdens de 
ingreep. 
Uiteindelijk kunnen patiënt-gerelateerde factoren en schadelijke invloeden van de 
procedure-gerelateerde factoren tijdens en na de operatie leiden tot nierbeschadiging. 
Het resultaat: een verslechtering van de nierfunctie met als gevolg een stijging van 
afvalstoffen in het bloed.   

Anatomie en functie van de nieren
De mens heeft twee nieren. Iedere nier is omgeven door een stevig omhulsel: het 
nierkapsel. Daaronder ligt het nierschors en niermerg. In het niermerg bevinden zich 
ongeveer een miljoen filtertjes, die nefronen worden genoemd. Elk nefron bestaat uit 
twee delen: een glomerulus (de filter van de nier) en een tubulus (nierbuisje). De 
glomerulus is een kluwen haarvaten met bijzonder dunne wanden, waardoor deze 
als filter dienst kunnen doen. Het bloed stroomt continue door de nefronen en wordt 
op die manier gereinigd. De zo gevormde voorurine komt terecht in een nierbuisje. 
De nierbuisjes kunnen belangrijke niet-giftige stoffen en water uit de voorurine 
weer opnemen zodat deze weer in het bloed terechtkomen. Het bloed wordt op deze 
manier gezuiverd van giftige stoffen en het overschot aan water wordt via de urine 
afgevoerd.
De nieren hebben dus de volgende functies:

regulatie van de vochthuishouding;•	
handhaven van het interne milieu;•	
het uitscheiden van afvalstoffen die bij de stofwisseling ontstaan. •	

De nieren filtreren het bloed en scheiden de afvalstoffen en het overtollig lichaamsvocht 
in de urine uit. Bij een gestoorde nierfunctie zullen de afvalstoffen en het vocht zich 
dan ook in het bloed en lichaam ophopen. 

Beoordeling van de nierfunctie
Zoals gezegd is het wenselijk om meer inzicht te verwerven in de verstoringen van de 
nierfunctie die ontstaan tijdens een hartoperatie. Bij de beoordeling van de nierfunctie 
staan ons verschillende methoden ter beschikking.
Meten creatinine in het bloed
Een veelgebruikte en eenvoudige methode om de nierfunctie te beoordelen is het 
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meten van de afvalstof creatinine in het bloed. Creatinine is een product van de spier-
stofwisseling en wordt vrijwel niet afgebroken in het lichaam en volledig gefiltreerd 
door de nier. De hoogte van de creatininewaarde in het bloed is dus een maat voor de 
nierfunctie. Een stijging van het creatinine in het bloed is een signaal dat de nierfunc-
tie aan het verslechteren is. 
Creatinineklaring
Een meer nauwkeuriger en in de praktijk bewerkelijke methode is de klaring van 
het creatinine door de nier, waarbij de klaring van creatinine weergeeft hoeveel 
bloedplasma er per tijdseenheid van creatinine wordt ontdaan. Hierbij meten de 
onderzoekers de waarde van het creatinine in het bloed en de hoeveelheid creatinine 
die per tijdseenheid in de urine wordt uitgescheiden. 
Radioactieve stoffen
In onderzoeksituaties en voor zeer nauwkeurige metingen maken onderzoekers in 
plaats van creatinine gebruik van radioactieve stoffen om de nierfunctie te meten. Bij 
deze methode bepaalt men de nierfunctie door middel van de glomerulusfiltratiesnelheid 
(GFR) en tevens de effectieve renale plasmastroom (ERPF) als maat voor de doorbloeding 
van de nieren. 
Biomarkers
Ten slotte kan ook gebruik gemaakt worden van gevoelige biomarkers voor nierschade. 
Biomarkers zijn biologische stoffen bv. eiwitten die gewoonlijk in kleine hoeveelheden 
in bloed of urine aanwezig zijn. Het voordeel van deze markers is dat er in een vroeg 
stadium van de beschadiging al een toegenomen uitscheiding in de urine is. Een 
ander voordeel is dat biomarkers specifiek kunnen zijn voor een bepaald functioneel 
onderdeel van de nier: dwz: de glomerulus of de tubulus. 

Overzicht onderzoeksvragen van dit proefschrift
In dit proefschrift wordt het resultaat van het onderzoek naar de diverse aspecten van 
nierfunctieverslechtering na de operatie bij hartchirurgische patiënten beschreven. 
Wij hebben verschillende methoden in de diverse studies gebruikt om de nierfunctie 
te beoordelen. De volgende onderzoeksvragen staan centraal in dit proefschrift :

Is een verminderde nierfunctie vóór de operatie (preoperatief) een risicofactor •	
voor blijvende nierfunctieverslechtering na een hartoperatie?
Wat is het effect van de hartlongmachine op de nierfunctie? •	
Heeft toediening van de ontstekingsremmer dexamethason een beschermende •	
werking op de nierfunctie tijdens de operatie?
Wat is de overleving op de langere termijn van patiënten die een verslechtering •	
van de nierfunctie na een hartoperatie doormaken? 
Zijn de risicofactoren verminderde hartfunctie en nierfunctieverslechtering •	
onafhankelijke of overlappende risicofactoren voor overleving op de langere 
termijn?
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Hoofdstuk 1 beschrijft de inleiding en het doel van dit proefschrift.
In hoofdstuk 2 bespreken we het onderzoek naar de veranderingen van de nierfunctie 
rondom de operatie van een groep patiënten met een preoperatief verminderde 
nierfunctie. In verschillende hartchirurgische centra werd bij hartchirurgische 
patiënten met een preoperatief gestoorde nierfunctie de GFR de dag vóór de operatie 
en de 7e dag ná de operatie gemeten met radioactieve stoffen. 
Bovendien werd de ERPF gemeten in een deel van de studiepatiënten. Deze metingen 
gaven een toename te zien van de GFR op de 7e dag na de operatie, terwijl de ERPF 
gelijk bleef aan de preoperatieve waarden. De filtratiefractie (FF), de ratio van GFR en 
ERPF, was ook toegenomen op de 7e dag na de operatie. 
Deze resultaten laten zien dat bij een ongecompliceerde hartoperatie mét hartlongmachine, de nierfunctie niet 
hoeft te verslechteren bij patiënten waarvan de nierfunctie al voor de operatie gestoord is.

In hoofdstuk 3 behandelen we het onderzoek naar de nierschade van patiënten met een 
normale nierfunctie die een coronaire bypass-operatie ondergaan. Om het effect van de 
hartlongmachine te bestuderen onderzochten we een groep die geopereerd werd mèt 
hartlongmachine en een andere groep die zònder hartlongmachine geopereerd werd. 
Om de nierschade te bepalen en te onderzoeken maakten we gebruik van functionele 
parameters en specifieke markers die gerelateerd zijn aan de functie van de renale 
glomerulus en tubulus. 
Bij de patiënten die geopereerd werden met de hartlongmachine, constateerden we 
een voorbijgaande nierbeschadiging. De verslechtering van de tubulusfunctie en een 
toename van biomarkers van glomerulaire en tubulaire schade in de urine bevestigden 
deze constatering. De veranderingen in deze parameters bleven beperkt tot de periode 
tijdens en kort na de operatie, en de parameters daalden tot normale waarden binnen 
2 dagen na de operatie. 
In de groep patiënten die geopereerd werden zonder hartlongmachine, namen we 
géén verandering waar van deze parameters tijdens de ingreep. 
De conclusie is dat bij patiënten met een normale nierfunctie voor de operatie, de hartlongmachine 
voorbijgaande nierschade veroorzaakt zowel op het niveau van de glomerulus als de tubulus. Daarentegen is bij 
de patiëntengroep die geopereerd werd zonder hartlongmachine, deze nierschade nauwelijks aanwezig.

In hoofdstuk 4 onderzochten we het effect van de ontstekingsremmer dexamethason 
op de perioperatieve nierschade bij hartchirurgische patiënten geopereerd met 
hartlongmachine. Dit was een dubbelblind placebo-gecontroleerd onderzoek. De 
helft van de deelnemers kreeg een placebo zonder werkzame stof toegediend, de 
andere helft het medicament dexamethason.
We bestudeerden de nierfunctie met gevoelige schade- en functiemarkers van 
glomerulus en tubulus. Tevens bepaalden we de glucosewaarden in bloed en urine. In 
beide groepen was een toename te zien van de markers tijdens de operatie, en op de 
tweede dag na de operatie werden de waarden van voor de operatie weer bereikt. De 
patronen van uitscheiding in de urine van de gevoelige markers waren identiek in de 
placebo- en dexamethasongroep. Dexamethason veroorzaakte een verhoging van de 
glucosespiegel in het bloed en een verhoogde uitscheiding van glucose in de urine.
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Uit deze resultaten blijkt dat de ontstekingsremmer dexamethason de nierschade tijdens een openhartoperatie 
met hartlongmachine niet kan voorkomen. 

Hoofdstuk 5 beschrijft het effect op korte en lange termijn van nierfunctiestoornissen 
die optreden na de operatie. Gedurende 100 maanden werden 843 patiënten gevolgd 
die in 1991 verschillende hartoperaties ondergingen. Na die periode werd onderzocht 
of de patiënten nog in leven waren of overleden. 
Bij 145 patiënten (17.2 %) namen we een verslechtering van de nierfunctie na 
de operatie waar. Bij deze patiënten was er sprake van een toename van het serum 
creatinine met tenminste 25% in de eerste week na de operatie. De ziekenhuissterfte 
in deze patiëntengroep was hoog (14.5%) vergeleken met de groep patiënten zonder 
nierfunctiestoornissen (1.1%). 
De kans om te overlijden in het ziekenhuis neemt dus toe bij postoperatieve 
nierfunctieverslechtering. Ook bij een heroperatie in geval van nabloeding, en bij 
beroerte, toegenomen duur van de operatie, leeftijd en het hebben van suikerziekte, 
neemt de kans om te overlijden toe. 
Van de patiënten met een postoperatieve nierfunctieverslechtering die werden ontslagen 
uit het ziekenhuis, was de kans op overlijden op de langere termijn sterk toegenomen. An-
dere factoren die verantwoordelijk zijn voor de toegenomen kans op sterfte zijn leeftijd, 
vaatlijden, toegenomen duur van de operatie, en preoperatief verminderde nierfunctie. 
De sterfte nam ook toe, als de nierfunctiestoornis bij ontslag weer geheel hersteld was: ze 
is dus niet te wijten aan de lange termijn gevolgen van een slechtere nierfunctie.
De conclusie is dat nierfunctieverslechtering na een hartchirurgische ingreep een toegenomen kans geeft op 
zowel sterfte in het ziekenhuis als op overlijden op de lange termijn.

In hoofdstuk 6 onderzochten we de invloed van een combinatie van risicofactoren 
op de kans op sterfte op lange termijn. Het ging hierbij om combinatie verminderde 
hartfunctie en postoperatieve nierfunctieverslechtering. Daartoe werd een groep van 
641 coronaire bypass patiënten die in 1991 geopereerd werd, gevolgd gedurende 13,5 
jaar. Na 13,5 jaar werd wederom uitgezocht of de patiënten in leven waren of overleden 
waren. Het bleek dat de risicofactoren verminderde hartfunctie en postoperatieve nier-
functieverslechtering afzonderlijk een toegenomen kans op sterfte op de lange termijn 
geven. Voorts bleek dat er sprake was van twee bijna afzonderlijke groepen: een groep 
met verminderde hartfunctie en een groep met postoperatieve nierfunctieverslechter-
ing. Opmerkelijk was dat in een kleine patientengroep met beide risicofactoren het 
risico op overlijden was verdubbeld. Risicofactoren voor postoperatieve nierfunctiev-
erslechtering waren: toegenomen leeftijd, ballonpomp ingebracht tijdens de operatie, 
heroperatie voor postoperatief bloedverlies, spoedoperatie, verminderde hartfunctie. 
Risicofactoren voor overlijden op langere termijn waren: leeftijd, gestoorde nierfunc-
tie, het gebruik van beenaderen als omleiding, postoperatieve nierfunctieverslechtering, 
verminderde hartfunctie. 
De resultaten laten zien dat er bij de afzonderlijke risicofactoren verminderde hartfunctie en postoperatieve nier-
functiestoornissen een toegenomen sterftekans is op de lange termijn. Indien beide factoren aanwezig zijn dan is de 
sterftekans op lange termijn verdubbeld.   
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Conclusie

Uit de resultaten van de studies in dit proefschrift kunnen we de volgende conclusies 
trekken:

Bij patiënten waarvan de nierfunctie al vóór de operatie gestoord is, hoeft de •	
nierfunctie niet te verslechteren bij een ongecompliceerde hartoperatie mèt ge-
bruik van hartlongmachine.
Bij patiënten met een normale nierfunctie voor de operatie, veroorzaakt de hart-•	
longmachine voorbijgaande nierschade. 
Wanneer er geopereerd wordt zónder hartlongmachine, dan is deze nierschade •	
nauwelijks aanwezig.  
Het toedienen van de ontstekingsremmer dexamethason kan de nierschade tij-•	
dens een openhartoperatie met hartlongmachine niet voorkomen. 
Nierfunctieverslechtering na een hartchirurgische ingreep geeft een toegenomen •	
kans op zowel sterfte in het ziekenhuis als op overlijden op de lange termijn.
Indien een van de•	  risicofactoren verminderde hartfunctie of nierfunctiestoornis-
sen na een hartchirurgische ingreep aanwezig zijn, is er een toegenomen sterf-
tekans op de lange termijn. 
Indien de risicofactoren verminderde hartfunctie en postoperatieve nierfunctie-•	
stoornissen beide aanwezig zijn, dan is de sterftekans op lange termijn verdub-
beld

Aanbevelingen voor de toekomst  

Tot nu toe is de behandeling van postoperatieve nierfunctie verslechtering ondersteu-
nend en omvat optimalisatie van de bloedsomloop, correctie van metabole ontrege-
lingen, het vermijden van nieronvriendelijke medicamenten, en strikte regulatie van 
de bloedsuiker. De behandeling van patiënten met een verhoogd risico op postopera-
tieve nierfunctieverslechtering moet bestaan uit een multidisciplinair behandelteam 
bestaande uit hartchirurgen, cardiologen, nefrologen, anesthesiologen en intensivis-
ten. In de toekomst zullen nog meer studies nodig zijn om de pathofysiologische 
mechanismen te ontrafelen, de risicofactoren te identificeren, en klinische en thera-
peutische interventies te ontwikkelen om de sterfte ten gevolge van postoperatieve 
nierfunctieverslechtering te verminderen. 
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Een proefschrift schrijven  doe je niet alleen. Dit proefschrift is tot stand gekomen 
door de bijdrage van verschillende disciplines binnen het Universitair Medisch Cen-
trum Groningen. Daarom wil ik onderstaande personen graag bedanken voor hun 
bijdrage aan dit proefschrift.

Allereerst de patienten die hebben meegedaan aan de onderzoeken. Zonder hun toe-
stemming en medewerking was dit proefschrift niet mogelijk geweest. 

Prof. dr. T. Ebels. Beste Tjark, bedankt voor jouw bereidheid om als eerste promotor in 
de promotiecommissie plaats te nemen. 

Prof. dr. G.J. Navis, tweede promotor. Beste Gerjan, jij was het die mij in de goede 
richting duwde. Ook al heeft het wat lang geduurd, het resultaat mag er zijn.

Prof. dr. R.H. Henning. Beste Rob, zonder jouw enthousiasme en hulp bij het schrij-
ven van de stukken was het nog niet zover geweest. Hartelijk dank daarvoor.

Dr. A.H. Epema, copromotor. Beste Anne, het project is af.  Hierbij denk ik terug aan 
de weekenden en nachtelijke uren waarin we  bezig waren om de teksten te polijsten, 
eindeloze discussies voerden over het wel en wee van de wetenschap en anesthesi-
ologisch Nederland. Jij bent de initiator van vele onderzoeken en bent bereid om je 
wetenschappelijke kennis met iedereen te delen. Hartelijk dank daarvoor.   

Dr. C.A. Stegeman, copromotor. Beste Coen, hartelijk dank voor jouw statistische ken-
nis en nefrologische input. 

Dr. W. van Oeveren. Beste Wim, hartelijk dank voor de NAG- bepalingen en weten-
schappelijke adviezen.  

Prof. dr. L.P.H.J. Aarts, Prof. dr. P.E. de Jong, Prof. dr. F. Zijlstra, leden van de beoorde-
lingscommissie wil ik bedanken voor hun bereidheid mijn proefschrift kritisch door 
te lezen.

Verpleegkundigen en secretaresses van de thorax intensive care en verpleegafdelingen. 

R. Barels en drs. F. van der Meulen. Een goede buur is beter dan een verre vriend is 
hier van toepassing. Buren, fietsvrienden, hartelijk dank dat jullie mijn paranimfen 
willen zijn. 

Collegae-intensivisten van het Martiniziekenhuis. Beste Jan, Nicole, Henco en Peter 
hartelijk bedankt voor de ruimte die jullie me gegeven hebben om dit proefschrift af 
te ronden. 
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Lieve Linda, Larissa en Varja. Dank voor jullie geduld, begrip en ondersteuning. 
Tijd voor een feestje.




