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Chapter 7 

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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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. 




