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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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