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CHAPTER 1



General Introduction



Introduction
Cardiovascular disease is among the most prevalent human diseases, and the 
leading cause of death and disability in the world.1 Many patients with heart disease 
eventually undergo cardiac surgery to relieve symptoms, to reverse damage or to 
prevent further disease progression. Cardiac surgery generally has a low risk of 
mortality and can often restore patients’ quality of life.2

Despite these reassuring facts and the major advances in the fi eld of cardiac 
surgery, clinicians recognize that patients are still concerned about their cerebral 
outcome after cardiac surgery. For cardiac surgical patients, some of these concerns 
are justifi ed. Cardiac surgery can be complicated by a broad range of cerebral 
complications. Some of these complications, such as strokes, are rare but do lead 
to important disability, reduced of quality of life and functional dependence after 
surgery. Other, more frequently occurring complications such as hallucinations, 
delirium and postoperative cognitive dysfunction (POCD) are often transient and 
delay recovery. In general, cerebral complications are common and unduly increase 
healthcare expenses.3

Cerebral complications of cardiac surgery can be divided into three major groups: 
cognitive dysfunction, delirium and stroke. Complications that can be recognized 
immediately after awakening from anesthesia are the focal neurologic defi cits from a 
stroke or the disorientation and agitation seen in emergence delirium. Other cerebral 
complications may only become apparent after days or weeks, for example when a 
patient develops a delirium in the intensive care unit or the ward or when a patient 
cannot be discharged to their home because they are not suffi  ciently able to take care 
of themselves due to postoperative cognitive dysfunction.   

Most strokes detected in the perioperative phase of cardiac surgery are the 
result of macro-emboli.4 The pathogenesis of postoperative delirium and cognitive 
dysfunction after cardiac surgery are still poorly understood and appear to be 
highly complex.5 Studies have identifi ed many potential risk factors but consistently 
show that higher age and longer duration of the procedure increases the risk of 
postoperative delirium and cognitive dysfunction. A higher level of education seems 
to be protective.3
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In the past, research into the etiology of postoperative delirium and cognitive 
dysfunction has focused on the eff ects of cardiopulmonary bypass and in particular 
on micro-embolization and impaired perfusion of the brain.6 The embolization 
theory was challenged by randomized studies on surgery with and without 
cardiopulmonary bypass which did not confi rm that reducing the micro-embolic 
load to the brain also reduced the risk of cognitive dysfunction.7 

Other research focused on the systemic infl ammatory response induced by 
anesthesia, surgery and cardiopulmonary bypass. Infl ammation is known to 
adversely aff ect the brain in diff erent ways.8 It leads to increased permeability of 
the blood-brain-barrier.9 This allows pro-infl ammatory mediators to reach the brain 
directly and may also result in cerebral edema from increased fl uid uptake.10 Systemic 
infl ammation also results in hyperthermia11 and hyperglycemia.12 The main cause of 
perioperative hyperglycemia is increased insulin resistance, induced by increased 
levels of circulating catecholamines and cortisol. The administration of high doses 
of corticosteroids which aim to reduce the systemic infl ammatory response during 
cardiac surgery,13 also causes hyperglycemia through increased insulin resistance 
and glycogenolysis. Hyperglycemia itself exacerbates the infl ammatory response 
and is known to be especially harmful to the ischemic brain.14 

 
Research eff orts to advance knowledge about the etiology of postoperative 

cognitive dysfunction and other more subtle cerebral complications of heart surgery 
have been hindered by methodological diffi  culties. This is not just because the 
potential etiologic factors are complex and variable but also because postoperative 
cognitive dysfunction is an outcome that is particularly diffi  cult to measure. The 
diagnosis requires a set of neuropsychological tests that has to be administered 
repeatedly that is labor intensive and costly. The selection of neuropsychological 
tests and the method of statistical processing of the test results have great impact 
on the results.15,16 Also, unlike delirium, postoperative cognitive dysfunction is not a 
clinical diagnosis with a clear, internationally accepted defi nition. 

These problems are refl ected by the enormous variety of reported incidences of 
cognitive dysfunction in the literature and although many studies have been carried 
out, their results are very hard to compare and base uniform conclusions upon.

1
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Outline of the thesis
The work presented in this thesis does not focus on strokes but on the more subtle 
cerebral complications that can occur after cardiac surgery. Chapter 2 outlines the 
diff erent cerebral complications that can occur after cardiac surgery in more detail. In 
the subsequent chapters, diff erent aspects of the etiology of postoperative cognitive 
dysfunction are explored. In chapter 3, a study on magnetic resonance imaging of 
early cerebral edema after coronary bypass surgery is presented. Chapter 4 explores 
the relation between coronary artery disease and cognitive function. Chapter 5 
describes a randomized controlled trial of the eff ect of high-dose corticosteroids on 
the incidence of postoperative cognitive dysfunction. The results of a randomized 
study on the eff ects of high-dose corticosteroids on glucose metabolism and 
lactate levels after cardiac surgery are described in chapter 6. Chapter 7 describes 
postoperative hallucinations: a frequently occurring cerebral complication of cardiac 
surgery that has not been studied in detail before. Chapter 8 summarizes the works 
presented in this thesis, discusses their clinical implications and describes potential 
focuses and challenges for future research. 
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Classification of cerebral complications

Introduction
Cerebral complications are a major concern for patients undergo ing heart surgery. 
These complications can be classifi ed in several ways. Based on a study of coronary 
artery bypass grafting (CABG) surgery patients from 24 US institutions by Roach, 
cerebral com plications are classifi ed into Type I outcomes, defi ned as focal neu-
rological injury, stupor, or coma and Type II outcomes, defi ned as deterioration in 
intellectual function, disorientation, or seizures.1 

In this chapter, cerebral complications of heart surgery will be categorized into 
stroke, cognitive decline, and delirium. There is little doubt that stroke is a devastating 
complication, which is associated with an increased risk of mortality, high costs, 
and a decreased quality of life. However, severe cognitive decline may also prevent 
a patient’s return to employment, whilst delirium can be a major burden during 
an often prolonged hospital stay. The signs of stroke and delirium may already be 
apparent in the fi rst hours after surgery. Subtle changes in cognitive function may 
only become evident after weeks or months.2

Stroke
 In the United States, CABG surgery is the leading cause of iatro genic stroke.3 The 
risk of stroke is increased in elderly patients undergoing heart surgery. Other risk 
factors include poor left ven tricular function, atrial fi brillation, carotid or aortic 
atheroscle rosis, and previous stroke.1,4-6 Stroke after cardiac surgery is more common 
in women than in men.7 Imaging studies show that about one-half of strokes after 
cardiac surgery are caused by macroemboli.1,5 Most ischaemic events occur during 
surgery, but over 20% of strokes occur in the postoperative period.1,8 Most strokes 
are clinically detected within the fi rst two days of surgery.9

Despite the increasing age of patients undergoing elective CABG surgery, the 
incidence of clinically relevant stroke has declined over the past two decades. 
Prospective studies in the last decades of the 20th century reported incidences of 3 
to 5%.2,9 More recent publications report incidences around 2%.4 Magnetic resonance 
imaging studies in patients who underwent cardiac surgery consistently report 
much higher rates of new infarctions, which are often not accompanied by clinical 
defi cits.5,10 The incidence of new ischaemic brain lesions after CABG surgery was 31 
to 45% and after valve replacement the rate was 38 to 47%.5,10,11 Moreover, studies 
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in elderly patients show that 50% of patients who undergo CABG surgery have 
ischaemic brain lesions before their surgery, which are typically asympto matic.5

Stroke not only has a great impact on the patient’s quality of life, it is also 
expensive. Direct medical costs for the fi rst 30 days after a mild ischaemic stroke are 
on average $13 000, and over $20 000 for severe stroke.6

Postoperative cognitive decline
Postoperative cognitive decline (POCD) can be defi ned as a decrease in performance 
on neuropsychological tests, beyond natural variation in test performance, from 
preoperatively to postoperatively.12 Clinically, the patient may suff er from memory 
loss, decreased attention and slow information processing. Relatives may identify 
the signs of POCD more accurately than patients themselves, who may not be aware 
of the changes.8 Severe POCD reduces quality of life of both patients and relatives, 
and is associated with increased health resource consumption and costs.1,2,13

Depending on the timing of neuropsychological assessment and the defi nition 
of POCD, the reported incidence of POCD after CABG surgery varies between 3 
and 70%.4,12 There is currently no widely accepted clinical defi nition of POCD and 
there is no doubt that arbitrarily chosen defi nitions have resulted in substantial 
overestimation of the incidence of the problem.14 Treatment is not available, but 
most patients will recover spontaneously within the fi rst months after surgery. The 
estimation of the incidence of long-term POCD is diffi  cult, as normal ageing and 
dementia interfere with such studies in elderly populations.14-16

Delirium
Delirium is an acute, fl uctuating disturbance of consciousness and attention that 
presents either with or without agitation.17 It is very common in elderly postoperative 
patients, in particular after cardiac surgery. Delirium after cardiac surgery typically 
presents on the second postoperative day. Risk factors include advanced age, long 
duration of surgery, and sleep deprivation. Patients who develop delirium after 
cardiac surgery are at increased risk of death as well as prolonged durations stay in 
intensive care unit and hospital.17,18

Causes of cerebral complications
Cardiopulmonary bypass, emboli, and infl ammation
Cerebral complications of cardiac surgery have often been attributed to the use 
of cardiopulmonary bypass (CPB).1,2 Indeed, many studies have demonstrated 
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potentially harmful side eff ects of CPB on the brain. Cannulation and cross-clamping 
of the ascending aorta may induce atheromatous macroemboli, which are usually 
held responsible for perioperative stroke.19 The CPB itself and cardiotomy suction are 
sources of solid and gaseous microemboli, especially when unprocessed cardiotomy 
blood is recirculated.20,21 These microemboli can be detected in the middle cerebral 
arteries with transcranial Doppler (TCD) ultrasonography.22 A post-mortem study 
on the brains of patients who died after cardiac surgery have demonstrated so-called 
small capillary and arteriolar dilatations.23

The CPB circuit brings the blood into contact with large synthetic surfaces 
and this induces a profound infl ammatory response.1,24 Surgical trauma also 
contributes to the infl ammatory response. The pathophysiology of the CPB-
induced infl ammatory response involves complement activation, activation of the 
coagulation and fi brinolytic pathways, platelets and leukocytes. The subsequent 
release of endotoxins and cytokines leads to increased permeability of the blood–
brain barrier. Brain swelling can be observed in patients who undergo magnetic 
resonance imaging immediately after on-pump CABG surgery surgery.25 Serum 
concentrations of S-100 protein, a biochemical marker of cerebral injury, are elevated 
after on-pump CABG surgery.26 Because of all these potentially negative eff ects of 
CPB on the brain, many regard the use of CPB as the culprit in cerebral complications 
following cardiac surgery. However, randomized controlled trials (RCTs) carried out 
so far indicate no favourable eff ect of off -versus on-pump CABG surgery on stroke 
rate or long-term cognitive outcome.4

Hypoperfusion
During and after CPB, episodes of low blood pressure may occur, to a degree that 
is usually not considered acceptable in patients undergoing non-cardiac surgery. 
Imaging studies of patients who had a clinical stroke after cardiac surgery have 
shown that a lower mean arterial pressure (MAP) during surgery is associated with 
a higher risk of watershed infarctions.27 Cerebral hypoperfusion may also aggravate 
the damage caused by microemboli due to reduced washout.2,4 The role of cerebral 
hypoperfusion in the pathogenesis of cognitive decline remains uncertain, as the 
results of studies on the association between mean arterial pressure (MAP) and the 
incidence of POCD confl ict.2,4,28,29 The assumption that cerebral autoregulation will 
keep the patients brain adequately perfused during episodes of low blood pressure 
may be false in patients who presents for cardiac surgery, especially in those with a 
history of hypertension.
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Anaesthesia
In the authors’ experience, most patients simply point towards the ‘heavy anaesthetic’ 
when experiencing cognitive problems after their cardiac surgery. The neurotoxicity 
of anaesthetic agents is subject of great controversy. The incidence of POCD does not 
depend on the type of anaesthesia, and POCD also occurs after non-cardiac surgery 
with neuraxial anaesthesia.30,31 It is currently unclear whether anaesthetic agents 
contribute to the pathogenesis of cognitive decline after cardiac surgery.

Patient related factors
Major risk factors for stroke after on-pump CABG surgery are advanced age, 
atherosclerosis of the ascending aorta, carotid artery stenosis and a history of 
cerebrovascular disease. Other risk factors include diabetes mellitus, a history of 
peripheral vascular disease and hypertension.1,4,8,29 A stroke risk index can be used 
preoperatively to estimate the risk of stroke in a patient undergoing CABG surgery.32 
Patient risk factors for POCD are largely comparable to those for stroke. A higher 
level of education protects against POCD.13,28

Strategies to improve cerebral outcome
Monitoring

Transcranial doppler
TCD ultrasonography can be used to monitor blood fl ow velocity in the middle 
cerebral artery. TCD also allows quantifi cation of the number of emboli transiting the 
middle cerebral artery. The usefulness of this technique is limited by its reliability: a 
usable fl ow signal cannot be obtained in up to 25% of patients.33 There is currently 
no evidence to support the use of TCD as a tool to prevent cerebral complications of 
cardiac surgery. There is no relation between numbers of emboli detected with TCD, 
and cerebral outcome.2,34

Cerebral oximetry
Near-infrared spectroscopy (NIRS) is a non-invasive technique of monitoring oxygen 
saturation in a small part of the frontal lobes, using visible and near-infrared light. 
Commercially available monitors display separate oxygen saturation readings for 
the left and right hemisphere. In 2007, Denault and colleagues proposed an algorithm 
that can be used to optimize cerebral saturation using NIRS (fi gure 1).35 Studies 
that used such management algorithms suggested a reduction of perioperative 
morbidity, including a trend towards a reduced incidence of stroke.33,35 Reduction 

Chapter 2 Cerebral Complications of Heart Surgery

17

2



of the incidence of POCD has not been demonstrated. NIRS appears to be a safe 
and user-friendly monitor that may warn the anaesthesiologist and cardiac surgeon 
for impeding disaster. However, normal NIRS readings do not guarantee overall 
adequate cerebral oxygenation and may give a false sense of safety during episodes 
of low blood pressure.

Anaesthesia and perfusion

Temperature management
Hypothermia may have neuroprotective eff ects in patients with stroke and 
traumatic injury and it is considered a proven strategy for reducing cerebral injury 
after cardiac arrest. There is no evidence that mild or moderate hypothermia during 
CPB reduces cerebral complications. Concurrently, there is no doubt that deep 
hypothermia protects the brain and other organs during procedures that require 
complete circulatory arrest.36

Hyperthermia, on the other hand, may aggravate injury sustained from other 
sources. Hyperthermia can be induced when patients are rapidly rewarmed 
(overshoot), but it can also be caused by infl ammation in the postoperative period. 
Hyperthermia increases neurotransmitter release, oxygen-derived free radical 
production, and intracellular acidosis.36 In studies of stroke, hyperthermia increased 
ischaemic depolarization in the peri-infarct region, leading to increased infarct size.5 
Both peak body temperature and the speed of rewarming have been demonstrated 
to aff ect the rate of POCD after cardiac surgery.36 

The temperature management recommendations from a literature review by 
Grigore et al are shown in fi gure 2.36 Method A uses passive cooling (drifting) to 34–
35°C, and slow rewarming to 37°C, resulting in normothermia in the postoperative 
phase, and is recommended for patients at low risk for developing cerebral 
injury. Method B uses active cooling to 28–30°C, followed by slow rewarming to 
37°C, again resulting in postoperative normothermia. This method is advised for 
patients at high risk for cerebral injury. This method is more time consuming, but 
is perhaps useful when longer CPB time is acceptable. Method C involves active 
cooling to 32°C, followed by slow rewarming. The patient is weaned of CPB at 34–
35°C. This method reduces CPB time compared with method B, and results in mild 
postoperative hypothermia that is further corrected slowly during the ICU-stay. 
Method C could be used in patients at high risk for cerebral injury, when prolonged 
CPB time is undesirable. There is no evidence yet that these temperature management 
recommendations based on the risk of cerebral injury improve outcomes. 
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In general, patients should be rewarmed slowly, and intra- and postoperative 
hyperthermia should be avoided. Tympanic temperature may estimate brain 
temperature more accurately than conventional temperature probes, but even 
tympanic temperature may underestimate the true brain temperature during 
rewarming.5

Acid–base management
A decrease of body temperature leads to decreased arterial carbon dioxide tension 
(PaCO2) and increased pH. Cerebral blood fl ow is linearly related to PaCO2, and 
therefore the decreased PaCO2 during hypothermia leads to a reduced cerebral 
blood fl ow. Adding carbon dioxide to the CPB circuit to keep blood pH at 7.4 and 
PaCO2 at 40 mmHg (pH-stat acid–base management) keeps cerebral blood fl ow at 
a normal level despite the hypothermia. However, the cerebral metabolic rate for 
oxygen (CMRO2) is reduced during hypothermic CPB. Thus, pH-stat blood gas 
management results in uncoupling of blood supply and demand (‘luxury perfusion’) 

Figure 1. Proposed algorithm for the use of brain oximetry. 
CT, computerized tomography; ICTH, intracranial hypertension; MAP, mean arterial pressure; MRI, 
magnetic resonance imaging. 
A. Denault, A. Deschamps and J. M. Murkin; A Proposed Algorithm for the Intraoperative Use of Cerebral 
Near-Infrared Spectroscopy; Semin Cardiothorac Vasc Anesth. December 2007 11: 274-281; Sage Publications.
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Figure 2. Temperature regimens. 
(A) Avoid active cooling, mild hypothermia, slow rewarming rates, followed by normothermia. 
(B) Active cooling, slow rewarming rates, followed by normothermia. 
(C) Active cooling, slow rewarming to mild hypothermia, and weaned of cardiopulmonary bypass.

Grigore AM, et al., ‘A Core Review of Temperature Regimens and Neuroprotection During Cardiopulmonary 
Bypass: Does Rewarming Rate Matter?’, Anesthesia Analgesia, 109, 6, pp. 1741–1751

A.

B.

C.
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to the brain. This may lead to increased cerebral microembolic load and cerebral 
arterial steal, but evidence for this phenomenon is sparse.

In the 1980s, alpha-stat acid–base management was introduced. This strategy 
keeps pH and PaCO2 at 7.4 and 40 mmHg respectively, if measured at 37°C. This 
means that the hypothermic patient is hypocapnic and therefore, has a reduced 
cerebral blood fl ow. Blood supply and demand theoretically remain coupled, and 
cerebral blood fl ow may be reduced as much as 40% at 26°C. In adult patients, alpha 
stat acid–base management may improve cerebral outcomes by avoiding steal and 
reducing embolic load. However, the studies that have compared the eff ect of pH-stat 
and alpha-stat acid–base management on cerebral outcomes have had inconclusive 
results.8,12,37

Blood pressure management
The healthy brain vasculature has an intrinsic ability to maintain cerebral blood fl ow 
stable between a mean arterial pressure of 60 and 150 mmHg.38 This mechanism is 
commonly known as cerebral autoregulation, and a similar mechanism is found in 
the kidneys. Using alpha-stat pH acid–base management, cerebral autoregulation 
is assumed to remain functionally intact with CPB fl ows of 1.6 to 2.4 L/min/m2.37 
However, as previously mentioned, the assumption of functionally intact cerebral 
autoregulation at the lower (and higher) ends of the MAP scale may not hold for 
patients with common conditions, such as hypertension, diabetes or cerebrovascular 
disease. In such patients, it may not be appropriate to allow the MAP to fall to 50–60 
mmHg. Some studies suggest that stroke rates may be reduced when a MAP of 
80–100 mmHg is maintained, especially in elderly patients.12

Diff erent vasopressors can be used to increase MAP during cardiac surgery, 
including norepinephrine, vasopressin, and phenylephrine. The use of the latter is 
subject of debate, because although phenylephrine increases MAP, it may decrease 
cerebral oxygenation measured with NIRS.38

Preoperative assessment
Preoperative screening of patients presenting for cardiac surgery is needed to 
identify risk factors for cerebral complications such as advanced age, pre-existing 
cerebrovascular disease or cognitive defi cits, diabetes, and hypertension.4,32 

Ultrasonography of the carotid arteries can be performed to identify carotid stenosis, 
but is unclear how the results of this screening should modify the surgical
management of patients presenting for CABG surgery.39 It is also still uncertain 
whether perioperative statin use reduces the risk of stroke.40 Aspirin reduces the 
risk of stroke when given during the fi rst 48 hrs after CABG surgery,41 but the use 
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of aspirin before CABG surgery is controversial. After induction of anaesthesia and 
before aortic cannulation, transoesophageal echocardiography can be used to screen 
the descending aorta and the visible part of the ascending aorta for the presence of 
atheroma, which is an important risk factor for stroke.4,6

Surgery

Off -pump surgery
The use of CPB is associated with microemboli, macroemboli, episodes of 
hypotension, and a profound infl ammatory response.2,19,22-24  Cerebral complications 
of CABG surgery have therefore been attributed to the use of CPB. CABG surgery 
without CPB was reintroduced when cardiac stabilizing devices became available 
in the late 1990s, and it was expected that this would signifi cantly reduce the risk of 
cerebral complications. Several RCTs comparing off - and on-pump CABG surgery 
have been performed, but often without adequate randomisation procedure and 
without blinded outcome assessment.42 The methodological quality of the RCTs 
appears to be inversely associated with the eff ect size of off -pump surgery on stroke 
rate. In a pooled sample of 4121 patients randomized to off - versus on-pump CABG 
surgery, the incidence of stroke was 0.94% and 0.91%, respectively (relative risk 1.05; 
95% CI 0.56–1.96). Although this meta-analysis suggests that there is not even a trend 
towards a lower stroke rate after off -pump CABG surgery, the confi dence interval is 
wide and it is still possible that an adequately powered RCT would show a benefi t 
(or harm) of off -pump CABG surgery on stroke rate. It would require a sample size 
of around 5000 patients to demonstrate a statistically signifi cant reduction in the 
incidence of stroke from 2% after on-pump CABG surgery to 1% after off -pump 
CABG surgery. It is obvious that such a large RCT would be diffi  cult to perform as 
the largest trial conducted thus far included only 2203 patients.43

The assessment of POCD requires the administration of neuropsychological tests 
before and after the operation. Therefore, the sample size of studies evaluating the 
incidence of POCD is usually smaller than the sample size of studies evaluating 
the incidence of stroke. The fi rst large RCT comparing cognitive outcomes after 
off - versus on-pump CABG surgery study was the Octopus trial, which included 
281 patients.44 A post-hoc analysis of the 3-month cognitive performance using a 
reliable and conservative defi nition of POCD showed that the incidence of POCD 
was 3.9% after off -pump and 11.7% after on-pump surgery (relative risk 0.34; 95% CI 
0.12–0.90).14 However, at 1- and 5-year follow-up, there was no diff erence between 
the two groups, regardless of the defi nition applied.44 A study in 120 elderly patients 
undergoing CABG surgery failed to demonstrate a diff erence in the incidence of 
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POCD.45 The ROOBY trial completed a cognitive assessment in 1156 of the 2203 
randomized patients, and again failed to demonstrate a diff erence POCD at 1-year 
follow-up.43

Several other RCTs have been performed, but because all trials conducted diff er 
in the composition the neuropsychological test battery, the timing of assessment, and 
defi nitions of POCD, a valid meta-analysis of the data from these trials is impossible. 
Taking all the evidence into account that is currently available, it must be concluded 
that there is probably some benefi t of off -pump CABG surgery on cognitive outcome 
in the fi rst months after surgery. However, there seems to be no measurable eff ect of 
off -pump versus on-pump CABG surgery on long-term cognitive outcome.4,44

Techniques to reduce embolization of aortic atheroma
Signifi cant atherosclerosis of the ascending aorta is present in approximately 10–15% 
of patients undergoing cardiac surgery. Atheromatous plaques that are manipulated 
(due to palpation, clamping, and cannulation) or exposed to aortic cannula fl ow 
(sandblasting eff ect) are prone to release emboli, which may result in stroke. There 
are several techniques that may help to reduce the risk of embolization.

Epiaortic ultrasound scanning can guide the surgeon to select cannulation 
and cross-clamping sites free of atheroma.6 When severe atheroma is detected, the 
surgeon may use techniques involving less aortic manipulation, such as axillary or 
femoral cannulation, the use of a single cross-clamp technique, converting to off -
pump surgery or even replacement of the ascending aorta. Observational studies 
suggest that surgical decision making guided by epiaortic ultrasound may result in 
a lower risk of stroke.4 However, the use of epiaortic ultrasound varies widely across 
centres.

Transoesophageal echocardiography can be performed before sternotomy, which 
enables the surgeon to make strategic decisions at a more appropriate time. However, 
visualization of the distal part of the ascending aorta is hindered by the interposition 
of the trachea. Atheroma in the descending aorta, however, does predict the presence 
of atheroma in the ascending aorta.5,6

Other strategies to improve cerebral outcome
Prevention and treatment of delirium
In cardiac surgery patients, strategies to prevent delirium have not been extensively 
studied. Simple measures to improve sleep quality, such as ear plugs, noise 
reduction, and frequent orientation will do no harm, but there is no evidence that 
such measures are eff ective.17,18
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Treatment of delirium should start with an investigation into possible treatable 
underlying causes, such as infection, hypoxaemia, withdrawal from substances or 
medication, or anticholinergic medication. Orientation aides (clock, calendar) should 
be provided and noise reduced where possible. Pharmacological intervention is 
usually based on antipsychotic drugs, most commonly haloperidol, olanzapine, or 
quetiapine. Benzodiazepines and opioids may prolong the duration of delirium, 
whereas sedation with dexmedetomidine may reduce the incidence of delirium 
in intensive care patients. The treatment of hypoactive delirium is diffi  cult, as 
antipsychotic drugs also have a sedative eff ect.17,18

Prevention of atrial fi brillation
New onset atrial fi brillation after cardiac surgery is common, and poses a risk of 
cerebral embolization. The reported incidence of new onset atrial fi brillation after 
cardiac surgery varies between 20 and 50%. Postoperative prophylactic drugs to 
decrease the risk of new onset atrial fi brillation include low doses of metoprolol, 
sotalol, amiodarone and hydrocortisone.46

Conclusion
In conclusion, cerebral complications of heart surgery range from clinically apparent 
stroke to more subtle cognitive changes and transient postoperative delirium. 
Cerebral complications are still common, but the incidence of stroke due to cardiac 
surgery has decreased over the last decades. Cerebral complications of heart surgery 
have been attributed to the use of CPB, but RCTs in patients undergoing CABG 
surgery indicate no favourable eff ect of off -pump versus on-pump surgery on stroke 
rate or long-term cognitive outcome. Preoperative and intraoperative screening 
can be used to identify patients with an increased risk for cerebral complications. 
Surgical and perfusion techniques can be modifi ed according to the results of this 
screening to improve cerebral outcomes.
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Abstract
Objective: Using magnetic resonance imaging, the authors studied the infl uence 
of a single high dose of intraoperative dexamethasone on the severity of cerebral 
edema that can occur early after coronary artery bypass grafting (CABG). It was 
hypothesized that high-dose intra-operative dexamethasone reduces cerebral edema 
after CABG.

Design: Secondary analysis in a subset of participants of the Dexamethasone for 
Cardiac Surgery (DECS) trial. The DECS trial was a multicenter, randomized, double-
blind, placebo-controlled trial in 4,494 cardiac surgery patients, which studied the 
eff ect of high-dose dexamethasone on mortality and major complications after 
cardiac surgery.

Setting: A large university hospital in The Netherlands.

Participants: Twenty adult patients who underwent CABG with cardiopulmonary 
bypass (CPB) between March and November 2011.

Interventions: Participants received a single intravenous dose of dexamethasone, 
1mg/kg, or placebo, at induction of anesthesia.

Measurements and Main Results: Patients underwent magnetic resonance imaging 
scanning immediately after surgery. The primary outcome was the severity of 
cerebral edema. Data from 18 patients (9 in each group, median age 69 years in both 
groups) could be analyzed. Patients in the dexamethasone group were (median, 
interquartile range 66 (53-99) minutes on cardiopulmonary bypass versus 95 (81-
105) minutes in the placebo group (p = 0.11). Only 1 patient in the dexamethasone 
group had slight cerebral edema (0% v 11%, p = 1.00), and edema severity did not 
diff er between groups (p = 1.00).

Conclusions: Relevant degrees of early postoperative cerebral edema were not 
observed. The present study fi ndings strongly contrasted with older studies showing 
cerebral edema early after CABG in most patients.

Chapter 3

32



Introduction
In 1993, Harris et al acquired brain magnetic resonance imaging (MRI) scans 
immediately after coronary artery bypass grafting (CABG) in 6 men, who were still 
mechanically ventilated, because of worries about subtle neurologic defi cits after 
cardiac surgery. They found edema of the cerebral cortex in all 6 patients.1 In 1998, 
the authors repeated the study in another 7 patients, and found marked edema in 
fi ve patients, and minor edema in 1 patient. One patient had no edema. In both 
studies, a follow-up scan several days later showed no more cerebral edema.2 Other 
studies that attempted to show brain changes after cardiac surgery used later scans 
(days after surgery) and did not fi nd cerebral edema.3,4 Harris et al and other authors 
hypothesized that the transient postoperative cerebral edema they observed could 
have been caused by blood-brain barrier disruption, in turn caused by hypoperfusion, 
hemodilution, reduction of colloid osmotic pressure from crystalloid fl uid loading, 
cerebral microemboli, or systemic infl ammation.1,2, 5-7 Transient cerebral edema after 
cardiac surgery has been proposed as a possible factor in the still poorly understood 
etiology of postoperative cognitive decline (POCD) after cardiac surgery, as it may 
lead to neuronal injury caused by impaired cerebral perfusion and oxygenation.6,8,9

The incidence of POCD in the fi rst year after cardiac surgery varies between 
30% and 50%, depending on defi nition and assessment method.6,10,11 POCD has been 
attributed to cerebral microemboli originating from the cardiopulmonary bypass 
(CPB), but this was not confi rmed by randomized studies comparing on-pump 
and off -pump cardiac surgery.11-14 Other investigations suggested that POCD, like 
cerebral edema, may be attributed to systemic infl ammation, but this hypothesis has 
not been tested extensively yet in clinical studies.15,16 The role of cerebral edema in 
the pathogenesis of POCD has not been formally studied.

The authors’ research group recently carried out the Dexamethasone for Cardiac 
Surgery (DECS) trial, a large randomized clinical trial that investigated the eff ects of 
high-dose dexamethasone versus placebo on clinical outcomes of cardiac surgery.17

During cardiac surgery, such as CABG, high doses of corticosteroids can be used to 
attenuate the systemic infl ammatory response to surgery and CPB.18 Corticosteroids 
also are used perioperatively in neurosurgical patients to reduce peritumor edema.19 
The aim of this study was to investigate the eff ect of high-dose dexamethasone on 
cerebral edema after CABG. 

Chapter 3 Cerebral Edema after CABG

33

3



It was hypothesized that the potent anti-infl ammatory eff ect of dexamethasone 
reduced the severity of cerebral edema.

Methods
Study Design and Participants
The DECS trial was a multicenter randomized clinical trial in which 4,494 cardiac 
surgery patients were randomized to receive either an intraoperative injection of 
dexamethasone, 1 mg/kg, or placebo. A detailed description of the DECS trial has 
been published elsewhere.17

The present study was a substudy of the DECS trial that was carried out as a 
single-center, randomized, placebo-controlled, parallel arms clinical trial on the 
incidence and severity of cerebral edema after CABG detected with MRI (DECS-
MRI). The institutional review board of the University Medical Center Utrecht, The 
Netherlands, approved the DECS trial protocol, including specifi c approval for 
the present substudy. The protocol adhered to good clinical practice and relevant 
national regulations and was registered in the National Institutes of Health trial 
registry (NCT00293592). Investigators and patients were blinded to treatment 
allocation. This study was supported by grants from the Netherlands Organization 
for Health Research and Development ZonMW (80-82310-98-08607), the Dutch Heart 
Foundation (2007B125), and a Midcareer Grant from the Society of Cardiovascular 
Anesthesiologists to Prof. van Dijk. The funding sources had no involvement in 
study design; in the collection, analysis and interpretation of data; in the writing of 
the report; or in the decision to submit the article for publication.

The study was limited to the inclusion of 20 patients, because of the required 
complex planning eff ort and investment of MRI capacity and intensive care unit 
personnel. Adult DECS trial participants who were scheduled for their fi rst elective 
CABG with use of CPB at the UMC Utrecht, The Netherlands, were eligible for 
inclusion. Additional exclusion criteria for participation in this substudy were poor 
left ventricular ejection fraction<30%, previous cardiac surgery, body weight >150 
kg, history of intracranial neoplasm, hydrocephalus, stroke or neurodegenerative 
disease, sensory impairment, language barrier, or inability to undergo MRI scanning 
due to implanted medical devices or other foreign objects. A comprehensive checklist 
was used to ensure no patients with such MRI incompatibilities were included. All 
patients gave written informed consent.

Chapter 3

34



Intervention, Randomization, and Masking
The perioperative management of patients who participated in the DECS-MRI 
substudy was the same as for all DECS trial participants. Patients were randomized to 
receiving either 1 mg/kg of dexamethasone IV or placebo (NaCl 0.9%), immediately 
after induction of general anesthesia. No other aspects of surgery, anesthesia, or 
CPB were modifi ed for the study. Participants in the DECS trial were randomized 
through blocks of 40 randomized, indistinguishable 5-mL vials, containing either 
dexamethasone, 20 mg/mL, or NaCl 0.9%.

Conduct of Anesthesia and Cardiopulmonary Bypass
Patients received premedication consisting of temazepam, 20 mg, and diazepam, 5 
mg, on the evening before surgery and midazolam, 7.5 mg, on the morning of surgery. 
General anesthesia was induced with sufentanil, midazolam, and pancuronium 
and maintained with sufentanil and either isofl urane or sevofl urane. After surgery, 
sedation was continued with bolus doses of midazolam if required. The CPB 
machine was primed with 1,000 mL of Ringers Lactate, 500 mL of hydroxyethyl 
starch (60 g/L, 130/0.4, Venofundin, B. Braun Medical, Melsungen, Germany), 250 
mL of mannitol 10%, and 30 mL of sodium bicarbonate 4.2% (total 1,780 mL). Before 
starting CPB, heparin, 300 U/kg, was administered and myocardial protection was 
achieved with antegrade crystalloid cardioplegia (St Thomas solution). A roller 
pump (S3, Sorin, Mirandola, Italy) generated nonpulsatile fl ow. Gas exchange was 
achieved with a microporous membrane oxygenator with integrated 40 µM arterial 
line fi lter (Quadrox I, Maquet, Rastatt, Germany). The CPB circuit was heparin coated 
(Bioline, Maquet, Rastatt, Germany). Blood gases were managed according to the 
alpha-stat principle, and activated clotting time was maintained>440 seconds. Target 
mean arterial pressure during CPB was 60 mmHg, and maximum hemodilution 
(hematocrit) 20%. Body temperature (rectal) was reduced to 34°C during CPB, 
followed by rewarming to>35°C before separation from CPB. Cardiotomy suction 
was applied without a cell saver device. After weaning from CPB, protamine, 300 
U/kg, was administered.

Conduct of Surgery
Access to the heart was achieved via median sternotomy. After cross-clamping of 
the aorta, the ascending aorta and the right atrial appendage were cannulated. The 
choice of grafting material (venous, arterial) was left to the discretion of the surgeon. 
In all patients in this study, the left internal mammary artery was used as one of the 
bypass grafts.
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Study Procedures
After routine intensive care unit admission procedures were completed, the patient 
was transported to the MRI suite. During transport, electrocardiogram, arterial 
blood pressure, noninvasive blood pressure, pulse oximetry, and end-tidal CO2 
were monitored continuously and mechanical ventilation and chest-drain suction 
were continued. Tidal volume and respiration frequency were adjusted to keep end-
tidal CO2 constant throughout the procedure to avoid changes in cerebral blood 
fl ow that could infl uence the outcome. Epicardial pacing leads were left in place and 
were isolated from each other to avoid electrical current induction. Sedation was 
continued with bolus doses of midazolam if required.

MRI scans were performed on a 1.5-Tesla Philips Gyroscan MRI scanner (Philips 
Healthcare, Eindhoven, The Netherlands). The protocol included noncontrast 
anatomic T1 weighted images, T2 Fluid-Attenuated Inversion Recovery (FLAIR) 
images, and Diff usion-Weighted Images (DWI). Details of the scan protocol are 
presented in Table 1. It took 12 minutes to complete the scan protocol. The degree 
of cerebral edema was scored on T2-FLAIR sequences. New ischemic lesions were 
scored on DWI sequences. Presence/absence of cerebral infarcts was judged both 
on the DWI images and the Apparent Diff usion Coeffi  cient maps. The scans were 
interpreted by a neuroradiologist and by a neurologist. Disagreements were resolved 
in a discussion between the interpreters. Both interpreters were blinded to treatment 
allocation. 

Outcomes
The primary outcome was the severity of cerebral edema on MRI, scored by visual 
assessment. Severity of edema was scored in each patient as (0) absent, (1) slight, (2) 
moderate, or (3) severe. Slight edema was scored if a patient’s 
T2-FLAIR scan showed some signs of edema, but no loss of cortical convolutional 
markings or ventricular compression or obliteration of the occipital part of the 
longitudinal fi ssure. Moderate edema was scored if the T2-FLAIR scan showed clear 
edematous changes with reduced cortical convolutional markings, but no ventricular 
compression or obliteration of occipital part of the longitudinal fi ssure. Severe edema 
was scored if the T2-FLAIR scan showed loss of cortical convolutional markings, 
ventricular compression and obliteration of the occipital part of the longitudinal 
fi ssure. Secondary outcomes were the presence of any degree of cerebral edema 
and the presence of recent ischemic lesions. Because the institutional review board 
deemed this substudy to be a considerable burden to patients and the variability of 
neuropsychological evaluation of cognitive decline too large for such a

Chapter 3

36



Table 1. MRI Scan Protocol

Scan Type Orientation
No. of 
Slices

Slice 
Thickness 
(mm)

Slice Gap 
(mm) TR (ms) TE (ms)

T1 SE Saggital 27 4 0.6 604 12

T2 FLAIR Transverse 38 4 No gap TR 6000
TI 2000

100

DWI (1) Transverse 27 5 No gap 10.000 79

DWI (2) Transverse 60 2 No gap 11.002 68

Images were acquired using a 1.5-Tesla scanner (Gyroscan, Philips Healthcare, Eindhoven, The 
Netherlands). 

Abbreviations: DWI, diff usion-weighted imaging; FLAIR, fl uid-attenuated inversion recovery; 
MRI, magnetic resonance imaging; SE, spin echo; TE, echo time; TI, inversion time; TR, repetition 
time. 

small study group, neuropsychological testing was not allowed to be performed on 
the participants of this substudy.

Statistical Analysis
Cerebral edema severity was measured in 4 categories as described in the outcomes. 
The distribution of edema severity scores was compared between groups using 
Fisher’s exact test. The incidence (dichotomous) of cerebral edema was calculated 
with 95% confi dence intervals (CI) and compared between groups using Fisher’s 
exact test. Patient characteristics and surgical parameters were compared between 
groups using the Mann-Whitney U test for continuous data, and Fisher’s exact test 
for dichotomous variables.

The study was limited to the inclusion of 20 patients (10 per group) for logistic 
reasons. A two-sided p value of 0.05 or smaller was considered to be statistically 
signifi cant, and SPSS version 20 for Mac (IBM SPSS, Armonk, NY) was used for the 
statistical analyses.

Role of the Funding Source
The funding sources of this study had no role in the study design, data collection, 
analysis, interpretation of the data, or preparation or submission of the manuscript. 
The corresponding author had full access to all the study data and had the fi nal 
responsibility to submit for publication.
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Results
Patients
Between March and November 2011, 20 patients were randomized and received 
the study medication. Two patients were excluded from the analysis. In 1 patient, 
the start of surgery was delayed, and the MRI timeslot expired before the surgical 
procedure was fi nished. For another patient, the MRI images were not saved to the 
archive and could not be retrieved for analysis. Eighteen patients could be included 
in the fi nal analysis (Figure 1).

Each study group consisted of 9 patients, and both groups included 1 woman 
and 8 men. The median age of the patients was 69 years in both groups. Patients 
in the dexamethasone group had shorter median aortic cross-clamp duration and 
spent less time on CPB. Patients in the dexamethasone group had a longer interval 
between the end of surgery and the moment the fi rst MRI scan image was captured. 
However, these diff erences between the groups were not statistically signifi cant. 
Other baseline and surgical characteristics are described in Table 2. The physicians 
who interpreted the scans initially disagreed on the interpretations of 2 patients’ 
scans. All disagreements were resolved in a single discussion session.

Outcomes
In the dexamethasone group, a 55-year-old man had slight cerebral edema on the 
MRI scan (11%, 95% CI 0.3% to 48.2%). No cerebral edema was detected in the other 
17 patients (0%, 95% CI 0.0% to 33.6%). The diff erence in incidence between the 
groups was not statistically signifi cant (Fisher’s exact test with continuity correction, 
p = 1.00). Table 3 shows the distribution of outcome severity in the dexamethasone 
and placebo groups. The diff erence in edema severity between the groups was not 
statistically signifi cant (Fisher’s exact test with continuity correction, p = 1.00). In the 
placebo group, a 65-year-old man had a small right cerebellar lesion consistent with 
new infarction (0% v 11%, p = 1.00). This patient did not develop clinically apparent 
neurologic symptoms in the postoperative phase and required no intervention. 
None of the other patients had evidence of new ischemic lesions on the MRI scan. 
All patients had an otherwise uneventful postoperative course and were discharged 
home or to their referring hospital. 
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32 Patients invited to participate 
in MRI substudy

9 Refused participation
2 Met an exclusion criterion
    
 

20 Randomized

11 Randomized to placebo9 Randomized to dexamethasone

9 Included in primary outcome analysis
  1  MRI scan lost
  1 Surgery delayed 

 

9 Included in primary outcome analysis
  0 Not assessed for primary outcome
 
 

Figure 1. Flow of patients through the trial. 
Abbreviations: DECS, Dexamethasone for Cardiac Surgery; MRI, magnetic resonance imaging. 

Discussion
This study aimed to investigate the eff ect of high-dose prophylactic dexamethasone 
on postoperative cerebral edema in patients undergoing elective CABG. In 18 
patients randomized to dexamethasone or placebo, an immediate postoperative 
cerebral MRI scan was obtained. Only 1 patient had MRI fi ndings consistent with 
slight cerebral edema, and this patient had been allocated to the dexamethasone 
group.

This fi nding was unexpected, because the only 2 previous studies that acquired 
immediate postoperative MRI scans after CABG showed cerebral edema in 12 
of 13 patients (92%).1,2 Although these studies were comparable to the present 
investigation, there were some relevant diff erences as well. On average, patients 
in the Harris et al study, published in 1998, arrived at the MRI suite 64 minutes 
after departing from the operating room. In the present study, the average time 
interval between departure from operating room and the time the fi rst MRI image 
was recorded was 80 minutes. The authors do not believe this small time diff erence 
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accounted for the large diff erence in the scan results between these studies. 
Patients in the present study spent more time on bypass (mean, SD 78±36 min) than 
patients in the study performed by Harris et al in 1998 (mean, SD 66±15 min).

The large diff erence in incidence of cerebral edema might be explained by global 
technical progression in the CABG fi eld. The 2 studies showing cerebral edema on 
MRI scans obtained immediately after CABG were carried out in the early and late 
1990s. Since then, CPB practice has advanced signifi cantly. For the present study, 
CPB machines with state-of-the-art tubing, pumps, membrane oxygenators, and 
arterial line fi lters were used. Blood gases were managed according to the alpha-stat 
principle, and major fl uctuations of blood temperature were avoided. The authors 
believe that such technical advances may have led to a reduction in infl ammation 
and perhaps cerebral microembolization, ultimately leading to a reduction of 
postoperative cerebral edema. Harris et al also proposed that hemodilution with the 
crystalloid CPB machine prime, causing changes in colloid osmotic pressure, and 
increased right atrial pressure caused by retransfusion of the pump volume after 

Table 2. Participant Demographic and Surgical Characteristics

Dexamethasone 
(n = 9)

Placebo 
(n = 9)

Demographic characteristics

Men (n) 8 (89) 8 (89

Age (years; median, IQR)  69 (56-70) 69 (63-73)

Weight (kilograms; median, IQR) 84 (81-97) 83 (76-92)

Height (centimeters; median, IQR) 179 (170-184) 170 (165-
180)

EuroSCORE* (median, IQR) 3.0 (2.0-3.5) 3.5 (3.0-4.0)

Hypertension (n, %) 4 (44) 7 (78)

Diabetes (n, %) 5 (56) 4 (44)

Preoperative beta-blocker therapy (n, %) 8 (89) 8 (89)

Preoperative statin therapy (n, %) 8 (89) 7 (78)

Surgical Characteristics

 Aorta cross-clamp time (minutes; median, IQR) 51 (34-83) 73 (68-90)

 Cardiopulmonary bypass time (minutes; median, IQR) 66 (53-99) 95 (81-105)

 Surgery to MRI-scan interval (minutes; median, IQR) 87 (67-96) 79 (57-91)

Abbreviations: IQR, interquartile range; MRI, magnetic resonance imaging.
*) A higher EuroSCORE indicates increased surgical risk.
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bypass could have contributed to the formation of cerebral edema.2 

Patients in the present study have all been subjected to these infl uences as well, 
but the CPB machine used in this study was primed with a smaller fl uid volume of 
a diff erent composition. Another apparent diff erence between the present study and 
those carried out by Harris et al was the application of mild hypothermia. In the 
1993 study, patients were cooled to 28°C, whereas in the 1998 study, normothermic 
CBP was applied. In the present study, mild hypothermia (34°C) was used. Finally, 
the mean arterial pressure (MAP) goals applied in the 1998 study by Harris et al 
allowed for larger variation of MAP and a higher maximum MAP. These diff erences 
all may have infl uenced brain perfusion and hyperemia and, thus, contributed to the 
diff erent results across the studies. From a statistical point of view, the small sample 
sizes in the present and other similar studies yielded large confi dence intervals. 
The true estimate of the incidence of early cerebral edema after heart surgery thus 
remains unclear as well. The results of this study prevented conclusions on the eff ect 
of dexamethasone on postoperative cerebral edema after CABG.

Table 3. Distribution of Cerebral Edema Severity in the Dexamethasone and Placebo Groups

Dexamethasone (n = 9) Placebo (n = 9)

Edema severity category

0 No edema, n (%) 8 (89) 9 (100)

1 Slight edema, n (%) 1 (11) 0

2 Moderate edema, n (%) 0 0

3 Severe edema, n (%) 0 0

The diff erence in the distribution of edema severity between the groups is not statistically 
signifi cant (Fisher’s exact test with continuity correction, P = 1.00)

The small sample size of the present study, and similar previous studies, was 
an important limitation. Clinical trials that use MRI in the immediate postoperative 
phase after CABG are diffi  cult to perform. Because patients require mechanical 
ventilation, chest drain suction, and hemodynamic monitoring and support, MRI 
scans are logistically challenging, costly, and labor intensive. However, this study 
still was larger than the previous studies on immediate post-CABG MRI scans 
combined.1,2

A fi nal limitation of the present study was the lack of a preoperative baseline 
scan. Because the study had a randomized design and because a high incidence of 
apparent cerebral edema was anticipated, based on previous studies, a baseline scan 
was not performed.

Chapter 3 Cerebral Edema after CABG

41

3



It has been suggested that cerebral edema previously was assumed to be a 
possible intermediate factor in the pathogenesis of POCD after CABG.9,20 The present 
results did not support this assumption. Other, less visible injuries to the brain, such 
as blood-brain barrier disruption, may still play a role in the pathogenesis of POCD.7

Conclusion
In the present study on CABG patients, relevant degrees of early postoperative 
cerebral edema were not observed. The present investigation contrasted with older 
studies showing cerebral edema early after CABG in almost all patients.
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ABSTRACT
Background
The pathogenesis of cognitive dysfunction in patients with coronary artery disease 
(CAD) remains unclear. CAD is associated with brain atrophy and specifi c lesions. 
Detailed knowledge about the association of brain volume measured with MRI, and 
cognitive function in patients with CAD is lacking. We therefore investigated brain 
volume and cognitive function in patients with revascularized CAD and controls 
without CAD.

Methods
Brain MRI scans and cognitive tests from patients with CAD were compared with 
data from control subjects without CAD. Cognitive performance was assessed with 
the Rey Auditory Verbal Learning (short term memory) and Trailmaking (divided 
attention) tests. Multivariable regression analysis was used to study associations 
between CAD, brain volume and cognitive function.

Results
102 patients with CAD, and 48 control subjects were included. Level of education and 
age were comparable between the groups. Compared with controls, patients with 
CAD had smaller total brain volume (expressed as fraction of intracranial volume) 
[%ICV, mean (SD), 0.78 (0.03) vs 0.80 (0.02), P=0.001] and larger volume of non-
ventricular cerebrospinal fl uid [%ICV, median (IQR) 0.19 (0.18 to 0.21) vs 0.18 (0.17 
to 0.20), P=0.001]. Patients in the CAD group had poorer cognitive function [mean 
(SD) Z-score -0.16 (0.72) vs 0.41 (0.69), P<0.01]. Multivariable regression showed that 
CAD, higher age, lower level of education and greater cerebrospinal fl uid volume 
were independent predictors of poorer cognitive function.

Conclusions
CAD patients had a smaller total brain volume and poorer cognitive function than 
controls. Greater volume of cerebrospinal fl uid was an independent predictor of 
poorer cognitive function.
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INTRODUCTION
Patients with coronary artery disease (CAD) who undergo revascularization are at 
risk of cognitive dysfunction.1,2 The etiology of cognitive dysfunction after coronary 
revascularization is not completely understood. Cerebral micro-emboli, consisting of 
air, atheromatous material or fat that are introduced into the circulation during such 
procedures have been proposed as an etiological factor.3,4 Although it seems feasible 
that revascularization procedures that cause less cerebral micro-embolization 
would reduce cognitive dysfunction, studies have not been able to demonstrate 
such advantages. The avoidance of cardiopulmonary bypass during coronary artery 
bypass grafting (CABG) (off -pump), or avoiding surgery altogether in favor of 
percutaneous coronary intervention (PCI) does not improve cognitive outcome.5-7

 
CAD should be regarded as the cardiac manifestation of atherosclerotic vascular 

disease, a systemic disease that aff ects vascular beds throughout the body. In a 
study of 582 patients scheduled for cardiac surgery with cardiopulmonary bypass, 
the prevalence of signifi cant carotid artery stenosis was 22%, which illustrates that 
often, multiple vascular beds are signifi cantly aff ected by atherosclerosis.8

It has been shown that patients with CAD, even without a history of 
revascularization, have an increased risk of cognitive dysfunction.9 Many large 
cohort studies, such as the Second Manifestations of ARTerial disease (SMART-
MR) study10, the Rotterdam Scan Study11 and the AGES-Reykjavik study12 have 
demonstrated that patients with CAD have more  brain atrophy, more infarcts and 
more white matter lesions on magnetic resonance imaging (MRI), and that those 
changes are associated with cognitive dysfunction, such as reduced attention and 
executive function.10,13 Detailed knowledge about brain volume and the association 
with cognitive function in CAD patients is lacking. This knowledge could be helpful 
to further clarify how cognitive dysfunction in patients with CAD is related to 
structural changes in the brain.

  
This study aims to investigate segmental brain volume and cognitive function in 

patients with revascularized CAD. We hypothesized that patients with CAD would 
have smaller brain volume and poorer cognitive function compared to controls 
without CAD. Brain volume measurements, acquired with MRI, and results of 
neuropsychological tests were compared between patients with CAD and a history of 
coronary revascularization, and a control group without CAD or revascularization.
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METHODS
Design
For this cross-sectional study, we used volumetric MRI-data and cognitive test results 
from a cohort of 102 patients with signifi cant CAD from the OCTOSTENT trial, and 
compared these with data from 48 subjects without CAD, available from the control 
group of the Utrecht Diabetic Encephalopathy Study (UDES). The study size was 
based on the maximum number of available subjects from the original studies.

The OCTOSTENT trial was carried out at the University Medical Centre Utrecht 
(UMC Utrecht) and two non-university teaching hospitals in the Netherlands. 
Participants in the OCTOSTENT trial (NCT00975858) have been randomized towards 
percutaneous coronary intervention with stenting versus off -pump coronary artery 
bypass grafting between 1998 and 2001. All of the inclusion and exclusion criteria, 
study design and results are described elsewhere.7,14,15 During a long-term follow-up 
study at 7.5 years after the index revascularization treatment, 102 patients underwent 
an MRI-scan of the brain and cognitive testing.

 
The UDES-study was a cross-sectional, population-based study on determinants 
of cognitive dysfunction in patients with diabetes mellitus. Its control group 
was recruited among the patients’ spouses and acquaintances. Control subjects 
underwent an MRI-scan of the brain, as well as cognitive testing. The UDES-study 
was carried out at UMC Utrecht, and recruited its control group between 2002 and 
2004. Its design and fi ndings are described in detail elsewhere.16

Both original studies were approved by the Institutional Review Board of the 
UMC Utrecht, and adhered to relevant national and international laws. Written 
informed consent was obtained from all participants. 

Outcome
The primary outcome of this study was total brain volume, measured with MRI. The 
secondary outcome was cognitive function, measured by a set of neuropsychological 
tests that assess verbal memory and divided attention. 
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Data Acquisition

MRI-scan
Patients and controls were scanned using to the same protocol.  A 1.5-Tesla Philips 
whole body magnetic resonance imaging system (Philips Medical Systems, Best, 
The Netherlands) was used. The MRI protocol consisted of axial, T1 234/2 ms 
(repetition/echo time), T2 2200/100 ms, Inversion Recovery 2900/22 ms, and Fluid 
Attenuation Inversion Recovery 6000/2000/100 ms (repetition/inversion/echo 
time) scans, performed with 38 contiguous 4mm slices, covering the entire brain, 
with a fi eld of view of 230 x 230 mm and a 256 x 256 scan matrix.

Intracranial volumes were calculated and segmented into white matter, grey 
matter, cerebrospinal fl uid, and white matter lesion volume using an automated 
probabilistic segmentation method.17 Total brain volume is the sum of grey matter, 
white matter and white matter lesion volume. The automatic segmentation results 
were reviewed and corrected where necessary by trained investigators.

Cognitive tests
In both study groups, the participants originally underwent extensive 
neuropsychological assessment, but the test batteries were partly diff erent. For 
this study, the results of the identical tests from the two batteries were compared. 
The tests covered the domains of verbal memory (Rey Auditory Verbal Learning, 
immediate and delayed recall subtests) and divided attention (Trailmaking test, 
subtests A and B). We multiplied the result of the timed Trailmaking test by -1, so 
that a higher (more positive) z-score indicates better performance in all tests. In both 
study groups, the original neuropsychological assessment took approximately 60-
90 minutes to complete, and was administered by trained researchers. Cognitive 
test performance in each group was calculated as follows.  For each of the 
neuropsychological tests, a Z-score was calculated by subtracting the total study 
populations mean test score from a subjects’ individual test score, and dividing the 
residue by the study population’s standard deviation. An overall cognitive function 
Z-score was calculating by adding up each participant’s Z-scores and dividing them 
by the number of tests. 

Disease variables
In the CAD group, information on the participant’s medical history was extracted 
from the OCTOSTENT trial database. For control subjects, this information was 
obtained from the UDES prospective database. 
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Data analysis
Total brain volume and the other brain volume segments were expressed as fraction 
of intracranial volume to adjust for diff erences in skull size. Brain volumes were 
then compared between groups using Student’s t-test or the non-parametric Mann-
Whitney-U test where appropriate.17,18 To compare cognitive function between the 
groups, the mean Z-score for the diff erent tests and the overall cognitive Z-score 
were compared using Student’s t-test. Baseline patient characteristics were compared 
using Student’s t-test, the Mann-Whitney-U test, or chi-squared test, where 
appropriate. Normally distributed continuous data are presented as means with 
standard deviation, and not-normally distributed continuous data are presented as 
medians with interquartile range. Some patients could not complete all cognitive 
tasks. Patients with missing cognitive data were excluded from the between-groups 
comparison of cognitive function. 

To further explore the relation between brain volumes, CAD, and cognitive 
function, we performed a post-hoc multivariable regression analysis. 

Following the Dutch educational system, a patient’s level of education was scored 
according to the Verhage system as one of seven possible ordinal categories, ranging 
from 1 (no education) to 7 (university). In the post-hoc regression model, reference 
cell coding (dummy variables) was used because linearity in this categorical system 
cannot be assumed. To avoid poor model fi t, we collapsed the smallest categories 
before entering the dummy variables into the regression model. We considered a 
two-sided P-value of 0.05 or greater to be signifi cant, and used SPSS version 18.0 for 
the statistical analyses.

Results
Patients
We included 102 CAD patients and 48 control participants in this analysis. In the 
original UDES-study control group, two subjects had a history of CAD, and one 
had highly abnormal brain volumetry results, and these were excluded. Table 1 
summarizes the participants’ characteristics and the prevalence of several disease 
variables in the study population.

There was no diff erence between CAD patients and control subjects’ mean age 
or level of education. The control group contained signifi cantly more women [60% 
vs. 25%, P<0.001].

Chapter 4

50



Table 1. Participant characteristics

CAD-group
n = 102

Control-group
n = 48 P-value

Participant Characteristics

Age, years, mean (SD) 65 (8.2) 64 (5.7)  0.50†

Male Sex, (%) 76 (75) 19 (40)  <0.01‡

Education, median (IQR)* 4 (4-5) 4 (3-5) 0.08§

Cardiovascular Risk Factors

History of cerebrovascular events, (%) 7 (7) 0 0.15‡

History of myocardial infarction, (%) 21 (21) 0 <0.01‡

History of coronary surgery 56 (55) 0 <0.01‡

Diabetes Mellitus, (%) 9 (9) 2 (4) 0.49‡

Hypertension, (%) 42 (41) 12 (25) 0.05‡

Hypercholesterolemia, (%) 68 (67) 8 (17) <0.01‡

Smoking (ever), (%) 64 (63) 22 (46) 0.05‡

* Level of education is classifi ed according to the Verhage System and ranges from 1 (no 
education) to 7 (university); † Students’ T-test; ‡ Chi-square test; § Mann-Whitney-U test.

Abbreviations: CAD, coronary artery disease; LVF, left ventricular function; IQR, 
interquartile range.  

Of all CAD patients, 21% had suff ered a previous myocardial infarction. At 7.5 
years follow-up, 56 patients (55%) had a history of coronary bypass surgery, and the 
median number of angiographies was 2. Hypertension and hypercholesterolemia were 
more prevalent in the patient group, but only the diff erence in hypercholesterolemia 
was statistically signifi cant. There were only few patients and controls with diabetes 
mellitus, as a result of the inclusion strategies of the original studies. Smoking was 
more prevalent in the CAD group, although the diff erence was not statistically 
signifi cant. 

Brain volume
The unadjusted brain volumetry fi ndings are presented separately for men and 
women in table 2. Adjusted volumes (expressed as fraction of intracranial volume, 
(%ICV)) are presented in table 3. The total brain volume of CAD patients was 
statistically signifi cantly smaller, and the volume of cerebrospinal fl uid (CSF) was 
signifi cantly larger compared to controls. CAD patients had a larger volume of 
white matter lesions, but this diff erence was not statistically signifi cant.
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Table 2. Unadjusted segmental brain volumes in patients with coronary artery disease and 
controls, by sex.

Men Women

CAD 
(n = 76)

Control
(n = 19)

CAD 
(n = 26)

Control
(N = 29)

Segment

Total Brain Volume† 1139 (91) 1104 (76) 1019 (68) 1021 (75)

White Matter Lesions* 1.33 (0.94-4.54) 1.59 (0.40-2.79) 1.88 (0.99-4.29) 1.00 (0.49-2.92)

Non-ventricular CSF 
Volume*

284 (263-316) 278 (245-294) 242 (225-269) 226 (210-238)

Intraventricular CSF 
Volume*

28.0 (21.4-40.4) 26.9 (21.9-36.5) 24.8 (20.0-36.7) 19.9 (16.3-28.5)

Intracranial Volume† 1461 (106) 1409 (87) 1296 (81) 1267 (82)

Automated probabilistic segmentation on 1,5T magnetic resonance images. Volumes measured in 
ml and presented as † mean (SD)  or * median (interquartile range).

Abbreviations: CAD, coronary artery disease; CSF, cerebrospinal fl uid.

Table 3. Adjusted segmental brain volumes in patients with coronary artery disease 
and controls.

CAD (n = 108) Control (n = 48) P-value

Segment

Total Brain Volume† 0.78 (0.03) 0.80 (0.02) 0.001

White Matter Lesions* 1x103 (1x103 to 3x103) 1x103 (0 to 2x103) 0.175

Non-ventricular CSF* 0.19 (0.18 to 0.21) 0.18 (0.17 to 0.20) 0.001

Intraventricular CSF* 0.02 (0.02 to 0.03) 0.02 (0.01 to 0.02) 0.119

Automated probabilistic segmentation on 1,5T magnetic resonance images. Volumes 
presented as a fraction of intracranial volume, to adjust for skull size, † mean (SD), 
compared using Student’s T-test, or * median (interquartile range), compared using 
the Mann-Whitney-U test.  

Abbreviations: CAD, coronary artery disease; CSF, cerebrospinal fl uid. 

Chapter 4

52



Cognitive function
The unadjusted and adjusted results of the neuropsychological assessment are 
presented in table 4. Seven patients in the CAD group had not completed at least 
one of the cognitive tests. In CAD patients, the test performance was lower than 
in the control subjects across the four individual tests and the overall Z-score. The 
diff erences were statistically signifi cant. 

Table 4. Cognitive test results, per domain

CAD (n = 95) Control (n = 48) P-value

Raw score* Z-score† Raw score* Z-score†

Verbal Memory

RAVL IR (words) 32 (23-40) -0.26 (0.88) 42 (33-52) 0.58 (0.97) <0.01

RAVL DR (words) 6 (4-8) -0.28 (0.86) 9 (6-11) 0.54 (1.04) <0.01

Divided Attention

Trailmaking A (seconds) 46 (35-56) -0.07 (1.08) 43 (33-49) 0.25 (0.56) 0.03

Trailmaking B (seconds) 100 (73-142) -0.05 (1.06) 93 (73-119) 0.25 (0.56) 0.03

Overall -0.16 (0.72) 0.41 (0.69) <0.01

Results of the timed Trailmaking task inverted for standardization, so that higher (more positive) 
Z-scores refl ect better performance in all tests. 
Values presented as † mean (SD) or * median (interquartile range),  

Abbreviations: RAVL, Rey Auditory Verbal Learning Test; DR, Delayed Recall

Post-hoc analysis
We further explored the eff ect of CAD and brain volumes on global cognitive 
function, using a multivariable linear regression model. Table 5 shows the results 
of the analysis. To select which brain volume parameters were to be included in the 
model, we fi rst determined which brain volume parameters were independently 
associated with cognitive function using a separate regression model. In this model, 
cerebrospinal fl uid volume was an independent predictor of cognitive function 
(cerebrospinal fl uid β=-0.009, P<0.001, larger cerebral spinal fl uid volume is associated 
with poorer cognitive performance). The patient-related confounders included 
in the model were age, sex, level of education, smoking, hypercholesterolemia, 
hypertension and diabetes mellitus. In this model, CAD, higher age, lower level of 
education and greater cerebrospinal fl uid volume were all independent predictors 
of poorer cognitive function. 
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Discussion
We hypothesized that CAD is associated with cognitive dysfunction and a smaller 
total brain volume. In this cross-sectional study, we found that the total brain volume 
of CAD patients was 2% (expressed as fraction of intracranial volume) smaller 
than that of controls, and, consequently, CAD patients had more non-ventricular 
cerebrospinal fl uid. The diff erences between the groups, although statistically 
signifi cant, were small from a clinical perspective. CAD, increasing age, lower 
level of education, and greater non-ventricular cerebrospinal fl uid volume were all 
independent predictors of poorer cognitive test performance in a regression analysis.

This association should be interpreted carefully because it was found in a post-
hoc analysis. However, clear associations between CAD, brain volume and cognitive 
function have been described by other studies, such as the AGES-Reykjavik 
study.12,19,20 It is important to realize that, in association studies of cognitive function 
and structural brain measurements on MRI, the eff ects are dependent on the 
choice of cognitive tests and population investigated.21 We characterize our study 
population as a typical group of patients with a CAD for a tertiary center, in terms of 
age and comorbidity. All CAD patients had a history of at least one revascularization 
procedure, most often PCI or CABG without cardiopulmonary bypass. The cognitive 
test battery focused on short-term memory and attention.

The association between of CAD, brain atrophy and cognitive dysfunction 
suggest that the pathogenesis of CAD, brain atrophy and cognitive dysfunction 
share a common pathway, such as the presence of systemic atherosclerosis, or that 
risk factors for CAD also aff ect brain atrophy and cognitive function. However, 
because of the cross-sectional design of our study, we cannot draw any conclusions 
about causality of the associations between CAD, smaller brain volume and poorer 
cognitive function. 

Study Limitations
Although automated segmentation of brain volume on MRI is a well-established 
method, it is vulnerable to measurement errors. The investigators took great care to 
manually check and correct such segmentation errors. We avoided the use of white 
and grey matter volume as separate variables in statistical comparisons to ensure 
that the analyses were robust for both the CAD and control group.

Chapter 4

54



Another limitation is the recruitment strategy of the control group. Because the 
control group of this study was recruited among spouses and partners of a study on 
diabetes mellitus, there were more women in this group compared than our group 
of patients with CAD. To reduce this potential bias, we controlled for the anatomic 
diff erence in brain volume between men and women by adjusting brain volumes by 
intracranial volume and used a multivariable analysis to control the eff ect of gender 
on the association between cognitive function and brain volumes.

In terms of validity, a longitudinal follow-up study design would give more 
insight into the relation between CAD, brain atrophy and subsequent cognitive 
dysfunction than the current cross-sectional design allows for. This is in particular 
true for assessments of cognitive function, which are subject to considerable natural 
variability over time.22,23

Because we have only studied patients that have undergone coronary 
revascularization procedures, our results have limited eternal validity for populations 
with coronary disease who have not yet required intervention.

Conclusion
In conclusion, in this population of CAD patients who had a history of coronary 
revascularization procedures, we found that CAD patients had smaller total brain 
volume compared to controls. The presence of CAD, increasing age, lower level of 
education, and greater volume of cerebrospinal fl uid were independent predictors 
of poorer cognitive function.
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Abstract
Background
Cardiac surgery can be complicated by postoperative cognitive decline (POCD), 
which is characterized by impaired memory function and intellectual ability. 
The systemic infl ammatory response that is induced by major surgery and 
cardiopulmonary bypass may play an important role in the etiology of POCD. 
Prophylactic corticosteroids to attenuate the infl ammatory response may therefore 
reduce the risk of POCD. The authors investigated the eff ect of intraoperative high-
dose dexamethasone on the incidence of POCD at 1 month and 12 months after 
cardiac surgery.

Methods
This multicenter, randomized, double-blind, placebo-controlled trial is a preplanned 
substudy of the DExamethasone for Cardiac Surgery trial. A total of 291 adult 
patients undergoing cardiac surgery with cardiopulmonary bypass were recruited 
in three hospitals and randomized to receive dexamethasone 1 mg/kg (n = 145) or 
placebo (n = 146). The main outcome measures were incidence of POCD at 1- and 
12-month follow-up, defi ned as a decline in neuropsychological test performance 
beyond natural variability, as measured in a control group.

Results
At 1-month follow-up, 19 of 140 patients in the dexamethasone group (13.6%) and 
10 of 138 patients in the placebo group (7.2%) fulfi lled the diagnostic criteria for 
POCD (relative risk, 1.87; 95% CI, 0.90 to 3.88; P = 0.09). At 12-month follow-up, 8 of 
115 patients in the dexamethasone group (7.0%) and 4 of 114 patients (3.5%) in the 
placebo group had POCD (relative risk, 1.98; 95% CI, 0.61 to 6.40; P = 0.24).

Conclusion
Intraoperative high-dose dexamethasone did not reduce the risk of POCD after 
cardiac surgery.
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What we already know about this topic

• Postoperative cognitive decline occurs in some individuals after major surgery, 

including cardiac surgery

• Although the etiology of postoperative cognitive decline is obscure, systemic 

infl ammation may be a contributor.

What this article tells us that is new

• In a preplanned secondary analysis of 291 cardiac surgical patients randomized 

to receive perioperative dexamethasone or placebo, the treatment groups did 

not diff er in the incidence of postoperative cognitive decline 1 or 12 months after 

surgery

• These results fail to support the use of dexamethasone to prevent postoperative 

cognitive decline in heart surgery patients
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Introduction
Patients who undergo cardiac surgery are at risk of postoperative cognitive decline 
(POCD). POCD is defi ned as a decrease in performance on neuropsychological tests 
after undergoing surgery.1,2 Clinically, patients may experience impaired memory 
function and intellectual abilities. POCD negatively aff ects quality of life and is 
associated with prolonged hospitalization and increased use of healthcare resources.3,4 
The incidence of POCD widely varies across diff erent studies, depending on timing 
of assessment, measuring methods, and criteria defi ning cognitive decline. Previous 
studies reported an incidence of POCD between 8 and 50% at 2 months after cardiac 
surgery.1,5 

Postoperative cognitive decline after cardiac surgery has been attributed to 
cerebral microemboli originating from cardiopulmonary bypass (CPB). However, 
randomized studies have not demonstrated that avoiding CPB improves cognitive 
outcome.6–9  An alternative explanation is that the systemic infl ammatory response, 
induced by the surgery itself and also by the use of CPB, is responsible for POCD.10  
Although there is evidence that the infl ammatory response to cardiac surgery 
is associated with transient cerebral edema11,12 and disruption of the blood–brain 
barrier,13,14 the evidence that this results in POCD is circumstantial. Grocott et al.15  
reported an association between postoperative hyperthermia, potentially related 
to an enhanced infl ammatory response, and POCD in 300 patients undergoing 
coronary artery bypass surgery. After sepsis, cognitive deterioration is believed to be 
in part because of the systemic infl ammatory response.16,17 Data from animal models 
suggest that major surgery disrupts the blood–brain barrier and causes cognitive 
dysfunction.18,19 

During cardiac surgery, high doses of corticosteroids can be used to suppress 
the postoperative infl ammatory response syndrome.20 The DExamethasone for 
Cardiac Surgery (DECS) trial, published in 2012, failed to demonstrate a benefi cial 
eff ect of dexamethasone on major complications after cardiac surgery but found 
that patients receiving dexamethasone had a shorter hospital stay and a lower 
risk of postoperative delirium and infections.21 If infl ammation plays a role in the 
pathogenesis of POCD, suppression of the infl ammatory response could potentially 
reduce the incidence or severity of POCD. Dexamethasone is a potent synthetic 
glucocorticoid with a long duration of action; its biological half-life is approximately 
36 to 54 h.22 Dexamethasone suppresses the release of proinfl ammatory cytokines 
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and acute-phase mediators in patients exposed to cardiac surgery with CPB.23,24 

In this study, we assessed the eff ect of an intraoperative high dose of 
dexamethasone on cognitive outcome of patients who underwent cardiac surgery 
with the use of CPB. We hypothesized that the incidence of POCD at 1 month after 
surgery would be lower in patients who received dexamethasone compared with 
those who received placebo.

Materials and Methods
Study Design and Participants
This study on the eff ect of dexamethasone on the occurrence of POCD was carried 
out as a preplanned substudy of the DECS trial (ClinicalTrials.gov registration 
no. NCT00293592). The DECS trial was a multicenter, randomized, double-blind, 
placebo-controlled, parallel-arm study conducted in The Netherlands. The DECS 
trial studied the eff ect of dexamethasone on major perioperative complications after 
cardiac surgery. A detailed report of the DECS trial has been published in 2012.21  
The Institutional Review Board of the University Medical Center Utrecht, as well 
as the Institutional Review Boards of each of the participating centers, approved 
this specifi c substudy, which adhered to all relevant national laws and guidelines. 
All patients gave written informed consent. This substudy was carried out at three 
of the eight DECS trial centers (University Medical Center Utrecht, Utrecht, The 
Netherlands; Erasmus University Medical Center, Rotterdam, The Netherlands; and 
Isala Clinics, Zwolle, The Netherlands). Between August 2010 and October 2011, 
patients planned for elective cardiac surgery who participated in the DECS trial 
in one of these centers were invited to undergo neuropsychological testing before 
surgery and at 1 and 12 months after surgery. Exclusion criteria were signifi cant 
impairments of vision, hearing or motor skills (such as hemiplegia), and mental 
illness that precluded the ability to complete the baseline cognitive assessment. 
Patients who had already given informed consent but could not complete a baseline 
assessment were excluded from this substudy. As per the inclusion criteria of the 
parent trial, all patients underwent cardiac surgery with the use of CPB.

Randomization and Masking
Patients were randomized (1:1) to receive a single IV bolus of dexamethasone (1 
mg/kg, maximum 100 mg) or placebo (NaCl 0.9%), administered by the attending 
anesthesiologist, shortly after induction of general anesthesia. The pharmacy of 
the University Medical Center Utrecht prepared the trial medication in computer-
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randomized blocks of 40 sequentially numbered, indistinguishable vials, containing 
a clear solution of either dexamethasone 20 mg/ml or NaCl 0.9%. Patients, their 
treating physicians, and the investigators were blinded for treatment allocation.

Surgery and Anesthesia
The anesthetic technique was based on either total IV anesthesia or a combination of 
IV opioids and muscle relaxants in combination with volatile anesthetics. Antegrade 
crystalloid cardioplegia with St. Thomas solution was used. The use of corticosteroid-
containing solutions for cardioplegia or bypass circuit prime was not allowed. 
Access to the heart was achieved via a median sternotomy. The CPB machines 
generated nonpulsatile fl ow and were equipped with microporous membrane 
oxygenators with integrated 40-μM arterial line fi lters (Quadrox I; Maquet, Rastatt, 
Germany) and heparin-coated circuits (Bioline; Maquet). Blood gas management 
was according to the α-stat principle. Direct retransfusion of cardiotomy blood was 
allowed, also if a cell-saver device was used. Heparin and protamine were used 
for anticoagulation and reversal of coagulation, respectively. Body temperature was 
reduced to 34°C during CPB, followed by rewarming to a rectal temperature of more 
than 35°C before separation from CPB.

Neuropsychological Testing
The cognitive outcome was determined by administering a battery of fi ve 
neuropsychological tests, including eight main variables at 1 day before surgery and 
1 month and 12 months after surgery. The battery included the tests recommended 
in the Statement of Consensus on the Assessment of Neurobehavioral Outcomes 
after Cardiac Surgery.25  The test battery was designed to measure short- and 
intermediate-term memory, attention and concentration, and psychomotor skills. An 
alternative list of words was used every time the Rey Auditory Verbal Learning task 
was administered to minimize learning eff ects (for an explanation of the diff erent 
tests and the cognitive domains covered, see Appendix 1. 

Research assistants, who were extensively trained for this specifi c test battery by 
an experienced neuropsychologist, carried out the neuropsychological tests. A strict, 
written test protocol was used to minimize interobserver variability. The test battery 
took 30 to 40 min to complete. Patients who were unable to come to the hospital for 
follow-up were tested at home.
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Control Group
In studies that use repeated neuropsychological tests, misinterpretation of the 
outcome can be caused by practice eff ects and natural variation in cognitive test 
performance.26  To control these eff ects, we recruited 54 age- and sex-matched 
volunteers from the cardiology outpatient clinic. These volunteers in the control 
group had documented coronary artery or valve pathology, but they either did 
not need surgery because they were managed medically, did not want to undergo 
surgery, or were followed up by the cardiologist because they underwent a cardiac 
intervention in the past. Volunteers were tested with the same test battery and 
protocol, by the same investigators as the trial participants, at baseline and 1-month 
follow-up.

Outcome

Primary Outcome Measure
The primary endpoint of this secondary analysis was the incidence of POCD at 1 
month after surgery, defi ned as a decline in performance on neuropsychological 
assessment beyond natural variation. We used Jacobson and Truax Reliable 
Change Index (RCI) to control natural variation and practice eff ects in cognitive 
test performance, as measured in the control subjects. To calculate the RCI for an 
individual patient, the baseline score from each test was subtracted from the follow-
up score, giving Δx. The same was done in the control group, giving Δxc. The mean 
change on that test in the control group was then subtracted from Δx to eliminate 
practice eff ects. To create an Z-score, and to eliminate the eff ect of natural variation 
in test performance, this result was then divided by the SD of Δxc. The RCI is the 
result of the sum of the Z-scores of all tests, divided by the SD of the sum of the 
Z-scores in the control group SD [ΣZcontrol]. We defi ned POCD in an individual 
patient as an RCI equal to or less than −1.96, or Z-score equal to or less than −1.96 
in at least two diff erent tests.26  Patients who had a postoperative stroke within the 
1-month observation period were also scored as POCD cases. Stroke was defi ned as 
a new clinical neurologic defi cit and signs of new ischemic cerebral infarction on a 
computed tomography scan or magnetic resonance imaging scan. Stroke cases were 
evaluated by the parent trials’ critical event adjudication committee.

Secondary Outcome Measures
The incidence of POCD at 12-month follow-up was measured using the same criteria 
as described in the previous alinea. In addition to the dichotomized cognitive 
outcome at both time points, we also directly compared the (continuous) RCI. A 
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positive RCI value indicates improvement, whereas a negative value indicates 
decline in cognitive test performance.

Statistical Analysis
Analyses were conducted according to randomization. For the primary outcome 
(incidence of POCD at 1-month follow-up), we calculated the relative risk (RR) 
with 95% CI and tested the between-group diff erence in incidence using the chi-
square test. For comparison of mean and median values of the continuous secondary 
outcome measures, we used Student t test or Mann–Whitney U test, as appropriate.

Because the number of patients lost to follow-up was relatively small, we report a 
complete case analysis of the primary outcome. To study the eff ects of loss to follow-
up, we performed an extreme case analysis, where fi rst all patients in the placebo 
group and then all patients in the dexamethasone group who were lost to 1-month 
follow-up were counted as POCD cases. In both groups, patients who had died were 
counted as POCD cases as well.

A preplanned subgroup analysis for the primary outcome was performed for 
two age groups (cutoff  value based on the median age of the study population), sex, 
and isolated coronary artery bypass surgery versus other types of surgery. To assess 
heterogeneity in the subgroup analyses, logistic regression analysis was performed 
with a 0.10 threshold for signifi cance. In all other analyses, we considered a P value 
of 0.05 to be statistically signifi cant. All conducted hypothesis tests were two sided. 
We used IBM SPSS version 19 (IBM SPSS, Armonk, NY) for all analyses.

In one of our previous studies on POCD after cardiac surgery, we randomized 
281 patients to coronary artery bypass surgery with or without CPB and found a 
29% incidence of POCD in patients operated with CPB at 3-month follow-up.6  For 
the current study, we anticipated a potential increase of this incidence because we 
measured POCD earlier after surgery, but thought that this would be balanced by a 
potential decrease in the incidence as we applied a more conservative defi nition of 
POCD.27  We therefore assumed that the incidence of POCD at 1-month follow-up 
in the control group would be similar, that is, 29%. To detect a risk reduction of 50%, 
with a power of 80% at a two-sided signifi cance level of 0.05, 252 patients would be 
required (126 in each of the two study groups). To compensate loss to follow-up, we 
aimed to recruit 290 patients.
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Figure 1. Enrollment fl owchart. Flow of patients through this substudy of the DExamethasone for Cardiac 
Surgery (DECS) Trial on cognitive dysfunction.

340 Provided additional consent
for cognitive follow-up

49 Excluded
  43 No baseline cognitive test for logistic 
        reasons
    6 Unable to complete baseline cognitive
        test
    
 

291 completed baseline assessment
and randomized

138 Included in analysis one month follow-up 
    
    8 No one month follow-up
 3 Refused cognitive follow-up test 
 3 Died before one month follow-up
 1 No follow-up for logistic reasons
 1 Withdrew informed consent
 
 

146 Randomized to placebo
 146 received placebo as 
        randomized

145 Randomized to dexamethasone
 145 received dexamethasone
        as randomized

115 Included in analysis twelve month follow-up
    
    31 No twelve month follow-up
  24 Refused cognitive follow-up test
              5 Died before twelve month follow-up
    1 No follow-up for logistic reasons
    1 Withdrew informed consent
      

 

140 Included in analysis one month follow-up

    5 No one month follow-up
 2 Died before one month follow-up
 3 Refused one month follow-up

    

115 Included in analysis twelve month follow-up
    
    30 No twelve month follow-up
 24 Refused cognitive follow-up test
   5 Died before twelve month follow-up
   1 Moved country 
 
 

566 participants of the 
Dexamethasone for Cardiac Surgery trial

invited for cognitive follow-up
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Table 1. Demographic, clinical, and surgical characteristics

Dexamethasone
(n = 140)

Placebo
(n = 138)

Demographics

Age, mean (SD), yr 63.4 (12.3) 65.4 (11.5)

Male sex 103 (73.6) 109 (79.0)

Weight, mean (SD), kg 82.8 (14.8) 83.3 (15.7)

Height, mean (SD), cm 176 (9.7) 175 (7.8)

Level of education, median (IQR)† 5 (4–6) 5 (4–6)

Coexisting medical conditions

Hypertension 72 (51.4)  79 (57.2)

Diabetes mellitus 16 (11.4)  28 (20.3)

 Insulin dependent 7 (5.0) 8 (5.8)

 Noninsulin dependent 9 (6.4) 20 (14.5)

Treatment for pulmonary disease 16 (11.4)  16 (11.6)

Previous cerebrovascular event 11 (7.9)  5 (3.6)

 Stroke 5 (3.6)  3 (2.2)

 Transient ischemic attack 6 (4.3)  2 (1.4)

Peripheral vascular disease 17 (12.1)  18 (13.0)

Preoperative creatinine, mean (SD), mg/dl‡ 1.02 (0.21)  1.07 (0.31)

Results
Study Population
Between August 2010 and October 2011, 291 patients were included in the study, 
completed baseline assessment, and randomized. The fl ow of patients through the 
study is shown in fi gure 1. Two patients from the placebo group were excluded 
from the analysis; one withdrew informed consent before the 12-month follow-up 
assessment and the other patient was excluded for logistic reasons. Two patients 
(1.4%) in the dexamethasone group and three patients (2.1%) in the placebo group 
died before their 1-month cognitive follow-up appointment. Five patients in each 
group died before the 12-month cognitive follow-up assessment. During the 
12-month follow-up period, two patients (one in each group) experienced a stroke 
and were counted as POCD cases. Patients’ baseline demographic and surgical 
characteristics are presented in table 1. 
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Table 1, continued

Dexamethasone
(n = 140)

Placebo
(n = 138)

Cardiac status

Recent myocardial infarction (<90 d)  8 (5.7) 10 (7.2)

Left ventricular function§

 Moderate  26 (18.6)  34 (24.6)

 Poor 2 (1.4)  4 (2.9)

Euroscore, median (IQR)  4 (2–7)  4 (2–6)

Type of surgery

 Isolated CABG 46 (32.9) 54 (39.1)

 CABG plus valve 22 (15.7) 17 (12.3)

 Single valve 58 (41.4) 51 (37.0)

 Surgery on multiple valves 1 (0.7) 4 (2.9)

 Other procedures 13 (9.3) 12 (8.7)

Repeat surgery 11 (7.9) 9 (6.5)

Use of cell-saving device 91 (65.0) 69 (50.0)

Use of tranexamic acid 131 (93.6) 129 (93.5)

Type of anesthesia

 Intravenous 53 (37.9) 42 (30.4)

 Volatile 87 (62.1) 96 (69.6)

Duration of procedure, mean (SD), min 218 (70) 212 (67)

Duration of extracorporeal circulation, mean (SD), min  126 (59) 120 (54)

Duration of aortic cross-clamping, mean (SD), min 93 (45) 87 (43)

All data presented as number (%), unless otherwise indicated. † Level of education according 
to Verhage Classifi cation of Dutch Education Levels, ranging from less than elementary school 
(1) to university degree (7). ‡ SI-conversion: to convert creatinine to μmol/l, multiply by 88.4. § 
Defi nition of left ventricular function classes: moderate, ejection fraction 30–50%; poor, ejection 
fraction <30%. 

Abbreviations: CABG, coronary artery bypass grafting; IQR, interquartile range.

Despite randomization, patients in the dexamethasone group were slightly 
younger, had less diabetes mellitus, and more use of cell-saving devices. The control 
group consisted of 54 volunteers not undergoing cardiac surgery. The volunteers’ 
average age was 64.6 yr, and 75.9% of the volunteers were men (for characteristics of 
the control group volunteers, see Appendix 3).
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On average, patients who received dexamethasone had lower peak body 
temperatures (mean, 37.2°C; SD, 0.8°C) during postoperative intensive care unit stay 
compared with patients who received placebo (mean, 37.6°C; SD, 0.7°C; P < 0.01)

Table 2. Neuropsychological test results and reliable change index

Dexamethasone group Placebo group

Test
Test 
parameter

Baseline 
(n = 140)

1 Month 
(n = 140)

12 
Months 
(n = 115)

Baseline 
(n = 138)

1 Month 
(n = 138)

12 
Months 
(n = 114)

Corsi 
Blocks

Total score 41.6 (15.9) 43.0 (16.9) 47.4 (16.2) 37.9 (14.1) 41.2 (17.2) 47.4 (17.1)

RAVLT Immediate 
recall score

37.6 (10.5) 40.4 (11.6) 43.6 (12.2) 37.6 (9.9) 41.2 (11.2) 43.5 (11.3)

Delayed 
recall score

7.1 (3.1) 7.8 (3.5) 9.2 (3.3) 7.0 (2.9) 7.8 (3.4) 8.7 (3.5)

Grooved 
Pegboard

Time, s‡ 91.1 (30.0) 93.5 (48.1) 88.3 (29.2) 92.8 (31.6) 91.1 (29.6) 87.9 (24.8)

TMT-A Time, s 39.5 (13.9) 38.7 (18.1) 40.2 (19.1) 40.4 (14.1) 38.0 (13.6) 38.9 (14.5)

TMT-B Time, s 69.3 (40.0) 70.6 (50.1) 67.2 (42.6) 72.6 (40.4) 73.1 (45.4) 67.1 (43.2)

WAIS 
digit span

Span 5.8 (1.3) 5.7 (1.2) 5.8 (1.3) 5.7 (1.2) 5.7 (1.1) 5.9 (1.1)

Total score 14.2 (3.8) 14.3 (4.0) 15.0 (3.9) 14.1 (3.9) 14.2 (3.7) 15.3 (3.8)

RCI † -0.38 0.63 -0.13 0.82

All data presented as mean (SD). * in timed tasks, lower scores refl ect better performance. RCI 
values of these variables were inverted so that positive RCI values always indicate improvement 
and negative RCI values indicate decline in test performance. † The RCI is the sum of the Z-scores 
of the diff erent tests, divided by the SD of this sum in the control group. Positive values indicate 
improvement, and negative values indicate decline in overall test performance. P-value of the 
overall RCI at 1-month follow-up; 0.10, at 12-month follow-up 0.21. ‡ tested with the participant’s 
dominant hand.

Abbreviations: RCI, reliable change index; RAVLT, Rey auditory verbal learning test; TMT, 
trailmaking test; WAIS, Wechsler adult intellingence scale 

Cognitive Outcome
At 1-month follow-up, 19 of 140 patients in the dexamethasone group (13.6%) and 10 
of 138 patients in the placebo group (7.2%) fulfi lled the diagnostic criteria for POCD. 
The diff erence was not statistically signifi cant (RR, 1.87; 95% CI, 0.90 to 3.88; P = 
0.09). At 12-month follow-up, 8 of 115 patients in the dexamethasone group (7.0%) 
and 4 of 114 patients (3.5%) in the placebo group fulfi lled the diagnostic criteria for 
POCD. The diff erence was not statistically signifi cant (RR, 1.98; 95% CI, 0.61 to 6.40; 
P = 0.24).
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Patient scores on the diff erent tasks are presented in table 2. At 1-month follow-
up, the RCI was −0.38 in the dexamethasone group and −0.13 in the placebo group 
(P = 0.10). At 12-month follow-up, the RCI was 0.63 and 0.82, respectively (P = 0.21). 
The neuropsychological test results of the control group are presented in table 3.

Table 3. Neuropsychological test results of the control group (n = 54)

Test Test parameter   Baseline   1 Month

Corsi Blocks Total score  49.1 (16.4)  53.8 (20.6)

Rey Auditory Verbal Learning Immediate recall score 43.9 (9.9) 45.3 (10.6)

Rey Auditory Verbal Learning Delayed recall score  8.6 (3.5)  9.2 (3.5)

Grooved Pegboard* Time, dominant hand, s 90.7 (35.3) 89.8 (40.2)

Trailmaking test A* Time, s 39.4 (21.0) 37.0 (20.1)

Trailmaking test B* Time, s 60.5 (36.7) 55.0 (37.5)

WAIS Digit Span Span 6.2 (1.0)  6.4 (1.0)

WAIS Digit Span Total score 16.2 (2.9)  17.2 (3.1)

All data presented as mean (SD). * In timed tasks, lower scores refl ect better performance.

Abbreviations: WAIS = Wechsler Adult Intelligence Scale.

Subgroup Analysis
Figure 2 shows the results of the preplanned subgroup analysis of the primary 
outcome. There was no diff erential eff ect of dexamethasone on the incidence of 
POCD at 1-month follow-up in any of the subgroups analyzed.

Sensitivity Analysis
We performed an extreme case type sensitivity analysis where fi rst all patients in the 
placebo group who were lost to 1-month follow-up were counted as POCD cases. 
In both groups, patients who died were counted as POCD cases as well. In the fi rst 
scenario, POCD would occur in 21 of 145 patients (14.5%) in the dexamethasone 
group and in 17 of 145 patients (11.7%) in the placebo group (P = 0.60). In the second 
scenario, all patients in the dexamethasone group who were lost to 1-month follow-
up were counted as POCD cases. This resulted in an incidence of 24 of 145 (16.6%) 
versus 13 of 146 (6.8%) in the dexamethasone and placebo groups, respectively (P = 
0.08).
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Post Hoc Analysis
To address the unexpectedly low incidence of POCD obtained with the chosen 
defi nition, we also report the incidence of POCD defi ned as an RCI equal to or less 
than −1.96, or Z-score equal to or less than −1.96 in at least one diff erent test. With this 
more liberal diagnostic cutoff  point, 38 of 140 patients in the dexamethasone group 
(27.1%) and 27 of 138 patients in the placebo group (19.6%) fulfi lled the diagnostic 
criteria for POCD at 1-month follow-up (RR, 1.39; 95% CI, 0.90 to 2.14; P = 0.14). At 
12-month follow-up, the incidence was 15.7 and 8.8%, respectively (RR, 1.78; 95% CI, 
0.86 to 3.70; P = 0.11).

Discussion
This randomized trial in 291 cardiac surgery patients found no benefi t of 
intraoperative administration of high-dose dexamethasone on the incidence of 
POCD as compared with placebo, at either 1 month or 12 months after surgery. To 
our knowledge, this is the fi rst randomized trial that has evaluated the hypothesis 
that suppression of the postoperative infl ammatory response in cardiac surgical 
patients with corticosteroids may improve postoperative cognitive outcome.

The incidence of POCD at 1-month follow-up in the current study was lower than 
anticipated. This is an important limitation because it negatively aff ects the power of 
the study. We have applied a strict defi nition of POCD that corrects for learning eff ects 
and natural variability in neuropsychological test performance over time, which 
reduces the number of incorrect POCD diagnoses. A smaller incidence than reported 
in some studies was already anticipated, but because the cognitive follow-up was 
planned so early (1 month) after surgery, we still expected an incidence of POCD of 
approximately 30% at the time of the design of the study.1,28,29  The primary analysis 
found no statistically signifi cant diff erence between dexamethasone and placebo 
and, if anything, suggest a harmful eff ect rather than a benefi t of dexamethasone. The 
post hoc application of a more liberal defi nition of POCD resulted in an incidence of 
POCD much closer to what was anticipated, but this changed neither the direction of 
the eff ect or its statistical signifi cance. It is therefore not very likely that a study with 
more statistical power would have found a benefi t of dexamethasone. In contrast, 
we cannot exclude a harmful eff ect of dexamethasone on POCD.
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Control group volunteers performed better at baseline on the Corsi Blocks test 
and Rey Auditory Verbal Learning, but the diff erences were smaller at the follow-
up tests. Because study patients were tested the day before surgery, psychological 
stress may have infl uenced their cognitive test performance. A diff erence in absolute 
cognitive test performance between patients and controls is not likely to be relevant 
because the RCI method used control data only to extract natural variability that 
occurs when a cognitive test is administered to the same patients multiple times.

Both adverse and benefi cial eff ects of corticosteroids on memory function and 
other cognitive functions have been described in human and animal studies.30,31  The 
fi ndings of the current study do not support the hypothesis that POCD is caused 
by the postoperative infl ammatory response. Of note, the investigators of the 
Corticosteroid Randomization after Signifi cant Head Injury trial hypothesized that 
methylprednisolone could improve cerebral outcome after traumatic brain injury. 
However, in their study of 10,008 adult patients, they found an increased risk of 
death or severe disability in the methylprednisolone group.32  The investigators 
did not administer neuropsychological tests to assess cognitive function. Possible 
explanations for the excess mortality in the methylprednisolone group were 
uncontrolled hyperglycemia and secondary adrenal insuffi  ciency.33,34  In our study, 
patients who received dexamethasone also had signifi cantly higher glucose levels 
during intensive care unit stay. In the parent trial (n = 4,494), the highest serum 
glucose level observed in the intensive care unit was (mean, SD) 195 (50) mg/dl in 
the dexamethasone group versus 177 (59) mg/dl in the placebo group (P < 0.001).21  It 
is conceivable that higher glucose levels have negatively aff ected cognitive outcome 
of the patients randomized to dexamethasone.

The choice of steroid and mode of administration should be closely regarded 
when interpreting the fi ndings of this study. Prolonged exposure to high 
concentrations of glucocorticoids can be toxic to neural structures, especially the 
glucocorticoid receptor–rich hippocampus.35 Although we administered only one 
high dose of dexamethasone, its duration of action is 36 to 54 h. A diff erent mode 
of administration, such as multiple smaller doses, or the administration of a steroid 
from another class, such as hydrocortisone, may have had a diff erent eff ect. To our 
knowledge, the eff ects of other dexamethasone dosing regimes or other classes of 
steroids on POCD after cardiac surgery have not yet been studied.
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A strength of the study is the loss to follow-up of less than 5% at 1-month follow-
up, which is very satisfactory compared with other studies reporting cognitive 
outcomes after cardiac surgery.5  The considerably higher 21% loss to 12-month 
follow-up, however, is a limitation. Patients who refused to participate in the 
12-month follow-up could be more likely to have developed POCD. However, 
patients who were scored as POCD cases at 1-month follow-up were not more likely 
to become lost to follow-up at 12-months (POCD cases 82% followed up, other 
patients 84% followed up; P = 0.72). The baseline matching diff erence between the 
groups is also a limitation of this study.

In conclusion, in this randomized clinical trial in 291 cardiac surgical patients, 
the risk of POCD was not reduced by administration of intraoperative high-dose 
dexamethasone.
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Christa Boer, Ph.D., Jan R. de Jong, M.D.
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Appendix 2
Neuropsychological test battery
Task Domain Explanation

Corsi Block Tapping 
(dominant hand)

Spatial memory
(short term)

Test consists of nine cubes randomly arranged 
on a board. The investigator taps increasingly 
long, prearranged sequences of blocks. 
Subjects must tap blocks in the same order. 
Score is calculated as span times correct trials.

Rey Auditory Verbal 
Learning 
(immediate, delayed 
recall)

Verbal memory
(short term, 
intermediate term)

A list of 15 meaningful monosyllabic words is 
presented in 5 trials. Each trial ends with a free 
recall of the words (immediate recall). 20 min 
later, the participant is requested to recall as 
many words as possible (delayed recall).

Grooved Pegboard
(dominant hand)

Motor skills, attention Patients are required to fi t small keys into their 
respective keyholes following a prearranged 
sequence, as quickly as possible. Time to 
completion is scored.

Trailmaking
(subtest A, B)

Attention, 
concentration

In subtest A, patients must draw a trail with 
a pencil, connecting numbered circles in 
numerical order. In subtest B, numbers and 
letters alternate (1-A-2-B-3-C etcetera).

Digit Span (Wechsler 
Adult Intelligence 
Scale-Revised) 
(forward, backward)

Verbal memory 
(short term)

Increasingly long sequences of random 
numbers are read to the patient, who is 
then asked to recall the sequence. The test 
terminates when a patient fails to recall two 
sequences of same length. In the backward 
subtest, patients must repeat the number 
sequence back in reverse order.

Reference: Lezak MD: Neuropsychological Assessment, New York, NY: Oxford University Press, 
3rd Edition 1995.
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Appendix 3

Demographic and clinical characteristics of the control group

n = 54

Demographics

Age, mean (SD), yr 64.6 (12.4)

Male sex 41 (76)

Weight, mean (SD), kg 83.9 (14.1)

Height, mean (SD), cm 174 (11)

Level of education, median (IQR)† 5 (5 – 6)

Coexisting medical conditions

Hypertension 37 (69)

Diabetes mellitus 10 (19)

 Insulin dependent 3 (6)

 Noninsulin dependent 7 (13)

Treatment for pulmonary disease 9 (17)

Previous cerebrovascular event 6 (11)

 Stroke 2 (4)

 Transient ischemic attack 4 (7)

Peripheral vascular disease 9 (17)

History of myocardial infarction 18 (33)

Left ventricular ejection fraction <50% 10 (19)

History of cardiac surgery 14 (26)

All data presented as No. (%), unless otherwise indicated.
†Level of education according to Verhage Classifi cation of Dutch Education Levels, 
ranging from less than elementary school (1) to university degree (7).

Abbreviations: IQR, interquartile range; SD, standard deviation.
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Abstract
Introduction
Blood lactate levels are increasingly used to monitor patients. Steroids are frequently 
administered to critically ill patients. However, the eff ect of steroids on lactate levels 
has not been adequately investigated. We studied the eff ect of a single intraoperative 
high dose of dexamethasone on lactate and glucose levels in patients undergoing 
cardiac surgery.

Methods
The Dexamethasone for Cardiac Surgery (DECS) trial was a multicenter randomized 
trial on the eff ect of dexamethasone 1 mg/kg versus placebo on clinical outcomes 
after cardiac surgery in adults. Here we report a pre-planned secondary analysis 
of data from DECS trial participants included at the University Medical Center 
Groningen. The use of a computer-assisted glucose regulation protocol—Glucose 
Regulation for Intensive care Patients (GRIP)—was part of routine postoperative 
care. GRIP aimed at glucose levels of 4 to 8 mmol/L. Primary outcome parameters 
were area under the lactate and glucose curves over the fi rst 15 hours of ICU stay 
(AUC15). ICU length of stay and mortality were observed as well.

Results
The primary outcome could be determined in 497 patients of the 500 included 
patients. During the fi rst 15 hours of ICU stay, lactate and glucose levels were 
signifi cantly higher in the dexamethasone group than in the placebo group: lactate 
AUC15 25.8 (13.1) versus 19.9 (11.2) mmol/L × hour, P <0.001 and glucose AUC15 126.5 
(13.0) versus 114.4 (13.9) mmol/L × hour, P <0.001. In this period, patients in the 
dexamethasone group required twice as much insulin compared with patients who 
had received placebo. Multivariate and cross-correlation analyses suggest that the 
eff ect of dexamethasone on lactate levels is related to preceding increased glucose 
levels. Patients in the placebo group were more likely to stay in the ICU for more 
than 24 hours (39.2%) compared with patients in the dexamethasone group (25.0%, 
P = 0.001), and 30-day mortality rates were 1.6% and 2.4%, respectively (P = 0.759).
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Conclusions
Intraoperative high-dose dexamethasone increased postoperative lactate and glucose 
levels in the fi rst 15 hours of ICU stay. Still, patients in the dexamethasone group had 
a shorter ICU length of stay and similar mortality compared with controls.

Trial registration
ClinicalTrials.gov NCT00293592. Registered 16 February 2006.

Key messages

• Dexamethasone increases postoperative glucose levels and insulin 

requirements in patients who undergo cardiac surgery.

• Dexamethasone increases postoperative lactate levels in patients who undergo 

cardiac surgery.

• Our data suggest that the increase in lactate levels may be directly related to 

the increased glucose levels.

• Although high-dose dexamethasone therapy caused an increase in glucose and 

lactate levels, the treatment was not associated with increased mortality and 

was associated with shorter intensive care unit length of stay.

• If dexamethasone is administered to cardiac surgery patients, clinicians should 

anticipate higher insulin requirements and be aware that small increases in 

lactate levels in such patients are not necessarily related to poor outcome.
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Introduction
High doses of corticosteroids are often administered to attenuate the infl ammatory 
response to cardiac surgery and cardiopulmonary bypass (CPB).1 Administration 
of a corticosteroid such as methylprednisolone or dexamethasone during cardiac 
surgery is associated with a reduced duration of postoperative mechanical ventilation 
and intensive care unit (ICU) and hospital stay, probably because of a lower risk 
of postoperative pulmonary complications.1-4 Still, controversy regarding their use 
remains because of potential important adverse eff ects. Corticosteroids increase 
insulin resistance and may increase hyperglycemia and blood glucose variability. The 
pronounced infl ammatory response following cardiac surgery and CPB contributes 
to decreased insulin secretion and increased insulin resistance. Although too rigid 
a regulation of blood glucose may increase the risk of hypoglycemia, inadequate 
glucose control is associated with increased ICU morbidity and mortality.5,6

Studies on the infl uence of corticosteroids on lactate levels are scarce, and their 
results are contradictory.7,8 Dexamethasone eff ectively reduces the production of 
pro-infl ammatory cytokines during cardiac surgery and thus may reduce lactate 
production7,9 on the one hand, but increases the amount of substrate for lactate 
formation (pyruvate from glucose) by increasing hepatic glucose release and insulin 
resistance on the other. Furthermore, dexamethasone increases catecholamine 
production in the adrenal medulla via its stimulating eff ect on phenylethanolamine-
M-methyltransferase.10 Catecholamines aff ect splanchnic perfusion as well as 
muscle Na-K-ATP-ase activity, Both of which may also lead to increased lactate 
production.11,12

Because blood glucose5,13,14 and lactate levels15-20 are both well-established 
and important clinical outcome predictors in ICU patients, including those after 
cardiac surgery, we investigated the eff ect of a single intraoperative high dose of 
dexamethasone on glucose control and lactate levels after cardiac surgery. We studied 
a subset of patients included in the Dexamethasone for Cardiac Surgery (DECS) 
trial, a multicenter randomized trial recently carried out in The Netherlands.3 This 
trial found a reduced risk of respiratory failure and infections and reduced ICU and 
hospital length of stay in patients who received dexamethasone. We assessed the 
eff ect of dexamethasone on postoperative lactate and glucose levels.
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Methods
Study design and participants
The DECS trial is a multicenter randomized clinical trial in which 4,494 cardiac 
surgery patients were randomly assigned to receive either an intraoperative dose of 
1 mg/kg dexamethasone or placebo. A detailed description of the design and results 
of the DECS trial was recently published.3 The institutional review board (Medical 
Ethics Committee, in Dutch: Medisch Ethische Toetsingscommissie, METc) of the 
University Medical Center Utrecht as well as the institutional review board (METc) of 
the University Medical Center Groningen approved the DECS trial protocol, which 
adhered to Good Clinical Practice guidelines and relevant national regulations and 
is registered in the National Institutes of Health Trial Registry (ClinicalTrials.gov 
identifi er: NCT00293592). All participants gave written informed consent.

Intervention, randomization, and blinding
According to a computer-generated 1:1 randomization scheme, patients received a 
single intravenous (IV) bolus of dexamethasone (20 mg/mL, 1 mg/kg, maximum 
100 mg) or placebo (NaCl 0.9%) immediately after induction of general anesthesia. 
The trial pharmacy prepared the trial medication in blocks of 40 numbered, 
indistinguishable vials. Patients, investigators, and all of the patients’ caregivers 
were blinded to treatment allocation. Surgery, anesthesia, and CPB were conducted 
without modifi cation for the trial.

Patient recruitment
The DECS trial recruited adult patients who required elective or urgent cardiac 
surgery with use of CPB, and excluded off -pump and emergency surgeries and 
patients with a life expectancy of less than 6 months. For the present study, data of 
all 500 DECS trial participants who underwent surgery at the University Medical 
Center Groningen, The Netherlands, were used, because this center routinely uses a 
validated computer-assisted glucose regulation protocol in the ICU.

Conduct of anesthesia
Pre-operative cardiac medication was continued until the morning of surgery. 
Patients were fasted from solid foods for 6 hours and from clear fl uids for 2 hours 
prior to surgery. Patients did not receive supplemental enteral or parental feeding 
during the pre-operative fasting period. Standard anesthetic management consisted 
of propofol, sufentanil, and a non-depolarizing muscle relaxant. Etomidate was only 
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incidentally used as an induction agent. Intraoperatively, glucose-free IV maintenance 
fl uids were used in all patients. CPB was performed by using non-pulsatile fl ow of 
2.4 L/min per m2, mild hypothermia (32°C to 34°C), and a combined glucose-free 
colloid/crystalloid priming solution. Myocardial protection consisted of cold blood 
cardioplegia or cold glucose-free crystalloid solution (Plegisol; Abbott Laboratories, 
North Chicago, IL, USA). Postoperatively, sedation was continued with propofol 
and morphine. During the fi rst 24 hours of ICU stay, the standard feeding protocol 
consisted of 25 g of intravenous glucose (1,000 mL glucose/saline solution) and no 
additional enteral feeding.

Lactate and glucose monitoring and insulin therapy
In the ICU, a computer-assisted glucose control protocol named Glucose Regulation 
for Intensive care Patients (GRIP) was used.21 GRIP recommends an insulin infusion 
rate and glucose sampling frequency. The algorithm, which is described in more 
detail elsewhere21 and was validated in 2,800 patients,22 is based on both the current 
glucose level (queried automatically from the hospital information system) and 
the change in recent glucose values. GRIP-assisted glucose control, targeting for a 
glucose level between 4 and 8 mmol/L, was applied as part of routine care during the 
postoperative ICU stay of all patients in this study. According to the protocol, short-
acting insulin (NovoRapid, Novo Nordisk, Alphen a/d Rijn, The Netherlands) was 
administered intravenously via a syringe pump. Intraoperatively, anesthesiologists 
used a glucose regulation protocol targeting for a blood glucose level below 10 
mmol/L but did not use GRIP. Glucose and lactate levels were obtained as part of 
routine intraoperative blood gas analysis. All blood samples were analyzed on point-
of-care ABL Blood Gas Analyzer machines (Radiometer, Copenhagen, Denmark). 
The analyzers were subject to strict laboratory quality control.

Outcome measures
The primary outcome was the area under the curve (AUC) of glucose and lactate 
levels in the fi rst 15 hours of postoperative ICU stay. The AUC was calculated by 
using the trapezoid rule approximation method, with no threshold for normal values. 
After 15 hours, most patients were discharged to the surgical ward, where GRIP 
was not used, glucose levels were measured less frequently, and lactate levels were 
measured rarely. When patients arrived at the ICU, glucose and lactate levels were 
always sampled. After that, the GRIP system determined the sampling frequency 
of glucose and lactate levels, so the sampling frequency diff ers among patients. 
This information is presented in the Appendix. GRIP suggests a time interval to 
the next sample, depending on previous glucose values and insulin infusion rate. 
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We therefore interpolated hourly glucose and lactate values to calculate the AUC. 
Secondary outcomes were total insulin consumption and the hyperglycemic index 
(HGI).23 The HGI is a measure of overall hyperglycemia that is not infl uenced by 
hypoglycemic episodes or unequal sampling intervals. It is calculated by dividing 
the area under the glucose curve that lies above the upper limit of the normal range 
by the observation time. The HGI was calculated for two cutoff  values: 8.0 mmol/L as 
the upper end of our target glucose range and 6.0 mmol/L according to the original 
method of calculation described by Vogelzang et al.23 Intraoperatively, glucose and 
lactate were routinely sampled at least three times: before, during, and after CPB. 
Finally, we report ICU length of stay, ICU readmissions, inotropic or vasopressor 
support requirement during the ICU stay, postoperative surgical site infections, 
gastrointestinal hemorrhages, length of hospital stay, and 30-day mortality.

Regression model
Because the eff ect of dexamethasone on lactate levels is not well understood, 
we evaluated the role of glucose as an intermediate in the relation between 
dexamethasone and postoperative lactate levels. In a multivariate linear regression 
model, we assessed the eff ect of dexamethasone on postoperative lactate levels 
(AUC of the fi rst 15 hours of postoperative ICU stay) and added postoperative 
glucose levels (AUC of the fi rst 15 hours of postoperative ICU stay) to the model as 
a covariable.

Subgroup analyses
Two subgroup analyses were performed. We calculated the main outcome measures 
separately for patients with diabetes. The fi ndings of this analysis are presented 
in Table 1. A post-hoc regression analysis on the eff ect of beta-blocker use on the 
primary outcome was carried out because of a signifi cant baseline diff erence 
between the groups.

Statistical analysis
The primary outcome was the AUC15 (fi rst 15 postoperative hours) of postoperative 
glucose and lactate levels. To assess normality of distribution, frequency distribution 
histograms with normality curves, as well as Levene’s test, were used. We compared 
the AUC15 by using the Student’s t-test. If patients were discharged from the ICU 
before the 15-hour observation period, the last glucose and lactate value was carried 
forward to calculate the AUC. To compare ICU length of stay between groups, 
the log-rank test was used. To compare other continuous outcomes, we used the 
Student’s t-test or the Mann-Whitney U test when appropriate. For dichotomous 
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outcomes, we calculated absolute risk diff erence and relative risk with 95% 
confi dence interval and compared proportions by using the χ2 test. We considered 
a two-tailed P value of less than 0.05 to be statistically signifi cant for the primary 
outcome. For the comparison of the other outcome measures, we considered a two-
tailed P value of less than 0.001 to be statistically signifi cant. IBM SPSS 22 (IBM 
Corporation, Armonk, NY, USA) was used for all analyses.

Results
Study population
Between February 2008 and July 2011, 500 patients were enrolled and randomly 
assigned in the DECS trial at the University Medical Center Groningen. One patient 
withdrew informed consent during the fi rst year of follow-up. One patient was 
unintentionally randomly assigned without having provided informed consent. Both 
patients were excluded from the analysis. One patient died within 2 hours after ICU 
admission and was excluded from the primary outcome analysis. Postoperatively, 
seven patients were not admitted to the cardiothoracic ICU but to other ICUs where 
lactate levels were not routinely measured. For these patients, only the AUC15 
for glucose could be calculated. The enrollment fl owchart of this study is shown 

Table 1. Postoperative glucose control, insulin requirement and lactate level in a subgroup of patients 
with diabetes

Outcome measurea Dexamethasone 
(n = 62)

Placebo
(n = 58)  P-value

Glucose AUC15 in mmol/L × hour 132.8 (16.2) 124.8 (16.5) 0.009

Glucose level in mmol/L at postoperative ICU admission 10.0 (2.5) 8.0 (2.3) <0.001

Hyperglycemic index in mmol/Lb (cutoff  >6.0 mmol/L) 2.70 (1.00) 2.21 (1.00) 0.009

Hyperglycemic index in mmol/Lc (cutoff  >8.0 mmol/L) 1.14 (0.91) 0.77 (0.76) 0.017

Hypoglycemia incidence, N (%)d 0 (0) 3 (5.2) 0.110

Lactate AUC15 in mmol/L × hour 25.9 (9.7) 22.1 (16.2) 0.119

Lactate level in mmol/L at postoperative ICU admission 2.1 (1.0) 1.7 (0.7) 0.007

Insulin consumption in IU at fi rst 15 hours of ICU admission 46.6 (22.9) 28.3 (19.7) <0.001

To convert glucose to mg/dL, multiply by 18.02. To convert lactate to mg/dL, multiply by 9.01. 
aAll data refer to the fi rst 15 postoperative hours and are presented as mean (standard deviation) unless 
otherwise indicated. 
bCalculated by dividing the part of the glucose AUC15 (area under the curve in the fi rst 15 hours of 
postoperative intensive care unit stay) that lies above 6.0 mmol/L by observation time. 
cCalculated by dividing the part of the glucose AUC15 that lies above 8.0 mmol/L by observation time. 
dDefi ned as any glucose level of less than 4.0 mmol/L in the fi rst 15 postoperative hours. 

Abbreviations: AUC, area under the curve; ICU, intensive care unit; IU, international units. 
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in Figure 1. Patients’ baseline demographic, clinical, and surgical characteristics 
were similar between the study groups, except for pre-operative beta-blocker use 
(dexamethasone group 69% versus placebo group 60%, P = 0.046) (Table 2).

Outcomes
Table 3 shows the primary outcome of the study. The mean areas under the 
glucose curve during the fi rst 15 hours of postoperative ICU admission were 
126.5 mmol/L × hour in the dexamethasone group and 114.4 mmol/L × hour in 
the placebo group (P <0.001) (Figure 2). In the fi rst 15 hours of postoperative ICU 
admission, patients who received dexamethasone required approximately twice as 
much insulin compared with patients who received placebo (32.0 versus 16.3 units, 
P <0.001) (Figure 3). More frequent insulin infusion rate adjustments were necessary 
to control glucose levels in patients who received dexamethasone (Appendix, 
fi gure 2). The mean areas under the lactate curve during the fi rst 15 hours after 
postoperative ICU admission were 25.8 mmol/L × hour in the dexamethasone group 
and 19.9 mmol/L × hour in the placebo group (P <0.001) (Figure 4). Patients in the 
dexamethasone group had a signifi cantly shorter ICU length of stay: dexamethasone 
median (interquartile range, or IQR) 21.9 (4.3) versus placebo 22.7 (24.5) hours, P 
<0.001 (Figure 5). 

Although the diff erence in median length of stay is less than 1 hour, more 
patients in the placebo group were not ready for discharge from the ICU at 24 hours 
postoperatively. The numbers of patients who stayed in the ICU for 24 hours or 
longer were 62 (25.0%) in the dexamethasone group and 98 (39.2%) in the placebo 
group (P = 0.001). At 30-day follow-up, four patients in the dexamethasone group 
(1.6%) and six patients in the placebo group (2.4%) had died.

Regression analysis shows that the association between treatment with 
dexamethasone and increase postoperative lactate levels is no longer statistically 
signifi cant when postoperative glucose level is added as a covariable. This suggests 
that dexamethasone exerts its eff ect on postoperative lactate levels mainly via 
glucose. Regression betas and P values are presented in the Appendix, table 1.

Post-hoc bivariate cross-correlation analysis shows that glucose levels had the 
strongest correlation with lactate levels 2 hours later. These data are presented in the 
Appendix, table 2.
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In the subgroup of patients with diabetes (n = 120), a similar eff ect of 
dexamethasone on glucose AUC15 was observed, compared with patients without 
diabetes. However, in patients with diabetes, the lactate AUC15 did not diff er (Table 
1). Pre-operative beta-blocker use was independently associated with a small 
increase in postoperative glucose levels (beta 3.720, P = 0.003) but not lactate levels 
(beta 1.921, P = 0.096).
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247 Included in present analysis
 3 excluded from analysis
  1 Patient died shortly after surgery
  1 Withdrew informed consent 
  1 Unintentionally randomized without 
     informed consent

250 Included in present analysis
     0 Excluded from analysis

4220 Patients assessed for eligibility

1330 Excluded
 1255 Not invited or declined participation
     75 Provided informed consent, not randomized
  52 Surgery cancelled or rescheduled 
  23 Logistic reasons

500 Randomized

250 Randomized to dexamethasone group
     250 Received dexamethasone as randomized

250 Randomized to placebo group
 250 Received placebo as randomized

2390 Not eligible for inclusion
 2077 Planned off-pump surgery
 313 Emergency surgery
    

1830 Eligible for inclusion
    

 

 

Figure 1. Enrollment fl owchart. 
The Dexamethasone for Cardiac Surgery (DECS) trial was a multicenter study with 4,494 participants 
who were treated at eight participating hospitals in The Netherlands. This DECS trial substudy concerned 
patients who underwent cardiac surgery at the University Medical Center Groningen.
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Table 2. Demographic, clinical, and surgical characteristics of the dexamethasone and placebo 
groups.a

Characteristics
Dexamethasone 
(n = 247)

Placebo
(n = 250)  P-value

Demographics

Male sex 158 (64) 159 (64) 0.83

Age, mean (SD), years 66.8 (11.7) 66.5 (12.0) 0.78

Weight, mean (SD), kg 82.1 (14.0) 82.3 (14.3) 0.91

Height, mean (SD), cm 173 (9.3) 173 (9.2) 0.85

Comorbidities

Hypertension 146 (59) 151 (60) 0.73

Diabetes

 Insulin dependent 12 (5) 18 (7) 0.27

 Non-insulin dependent 50 (20) 40 (16) 0.23

Treatment for pulmonary disease 48 (19) 57 (23) 0.35

Previous cerebrovascular event

 Stroke 7 (3) 12 (5) 0.55

 Transient ischemic attack 12 (5) 14 (6) 0.70

Peripheral vascular disease 37 (15) 34 (14) 0.67

Pre-operative serum creatinine, mean (SD), mg/dL 1.02 (0.44) 1.02 (0.42) 0.89

Cardiac status

Recent myocardial infarction (<90 d) 39 (16) 26 (10) 0.08

Left ventricular functionb

 Moderate 82 (33) 93 (37) 0.33

 Poor 15 (6) 14 (6) 0.83

EuroScore, median (IQR)c 6 (4-8) 6(4-8) 0.37

Pre-operative medication

Beta-blocker 171 (69) 151 (60) 0.05

Statin 142 (57) 125 (50) 0.13

Corticosteroid 21 (9) 17 (7) 0.83

Type of surgery 0.25

Isolated CABG 74 (30) 57 (23) 0.08

CABG plus valve 65 (26) 66 (26) 0.96

Single valve 95 (38) 104 (42) 0.45

Multiple valves 8 (3) 16 (6) 0.10

Other procedures 6 (2) 7 (3) 0.79

Repeat surgery 17 (7) 19 (8) 0.75
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Table 2, continued

Duration of the procedure, mean (SD), min 262 (91) 265 (86) 0.51

Duration of extracorporeal circulation, mean (SD), 
min

147 (74) 149 (69) 0.70

Duration of aortic cross-clamping, mean (SD), min 95 (49) 99 (46) 0.43

Use of cell-saving device 17 (7) 23 (9) 0.34

Use of antifi brinolytic agent 179 (72) 179 (72) 0.72

SI conversion: To convert creatinine to μmol/L, multiply by 88.4.
aData presented as N (%), unless otherwise indicated. 

bDefi nition of left ventricular function classes: moderate, ejection fraction of 30% to 50%; and poor, 
ejection fraction of less than 30%.31

cHigher EuroScores indicate increased risk of perioperative mortality.31

Abbreviations: CABG, coronary artery bypass grafting; IQR, interquartile range; SD, standard 
deviation. 
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Table 3. Postoperative outcomes in the dexamethasone and placebo groups

Outcome measurea Dexamethasone Placebo  P value

Glucose AUC15, in mmol/L × hour 126.5 (13.0) 114.4 (13.9) <0.001

Glucose level at postoperative ICU admission, 
in mmol/L

8.7 (2.3) 6.9 (2.0) <0.001

Hyperglycemic index, in mmol/Lb 
(cutoff  >6.0 mmol/L)

1.97 (0.85) 1.28 (0.81) <0.001

Hyperglycemic index, in mmol/Lc 
(cutoff  >8.0 mmol/L)

0.74 (0.69) 0.35 (0.51) <0.001

Hypoglycemia incidence, N (%)d 3 (1.2) 20 (8.0) <0.001

Lactate AUC15 in mmol/L × hour 25.8 (13.1) 19.9 (11.2) <0.001

Lactate level at postoperative ICU admission, in 
mmol/L

2.1 (1.0) 1.6 (0.7) <0.001

Insulin consumption in the fi rst 15 hours of ICU 
admission, in IU

32.0 (19.9) 16.3 (14.5) <0.001

ICU length of stay in hours, median (IQR) 21.9 (19.3-23.7) 22.7 (20.6-45.0) 0.001

ICU length of stay ≥24 hours, N (%) 62 (25.0) 98 (39.2) 0.001

ICU readmissions, N (%) 13 (5.2) 10 (4.0) 0.51

Hospital length of stay in days, median (IQR) 10 (8-16) 11 (8-16) 0.53

Postoperative inotropic or vasopressor requirement, 
N (%)e

125 (50.6) 144 (57.6) 0.14

Postoperative surgical site infections, N (%) 5 (2.0) 6 (2.4) 0.77

Postoperative gastrointestinal hemorrhage, N (%) 3 (1.2) 1 (0.4) 0.37

30-day mortality, N (%) 4 (1.6) 6 (2.4) 0.76

To convert glucose to mg/dL, multiply by 18.02. To convert lactate to mg/dL, multiply by 9.01. 
aAll data refer to the fi rst 15 postoperative hours and are presented as mean (standard deviation) unless 
otherwise indicated. 
bCalculated by dividing the part of the glucose AUC15 (area under the curve in the fi rst 15 hours of 
postoperative intensive care unit stay) that lies above 6.0 mmol/L by observation time. 
cCalculated by dividing the part of the glucose AUC15 that lies above 8.0 mmol/L by observation time. 
dDefi ned as any glucose level of less than 4.0 mmol/L in the fi rst 15 postoperative hours. 
eDefi ned as any use of adrenalin, noradrenalin, dopamine, dobutamine, or milrinone during the fi rst 24 
hours of intensive care unit stay. 

Abbreviations: ICU, intensive care unit; IQR, interquartile range; IU, international units.
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Figure 2. Glucose levels during surgery and in the fi rst 15 hours of postoperative ICU stay. 
Time in hours, unless noted otherwise. Glucose level in mmol/L, mean (SD). To convert glucose mmol/L 
to mg/dL, multiply by 18.02. Mean AUC15 dexamethasone group 126.5 mmol/L x h, placebo group 114.4 
mmol/L x h, P<0.000001.  *) statistically signifi cant (Bonferroni P<0.001). Abbreviations: AUC15 denotes 
area under the curve in the fi rst 15h of postoperative ICU stay. CPB, cardiopulmonary bypass; ICU, 
intensive care unit. 
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Figure 3. Insulin infusion rate during surgery and in the fi rst 15 hours of postoperative ICU stay. 
Time in hours, unless noted otherwise. Infusion rate in units of short acting insulin aspart (NovoRapid).
Mean cumulative insulin dose (fi rst 15h of ICU stay) dexamethasone 32.0 units, placebo group 16.3 units, 
P<0.00001. Abbreviations: AUC15 denotes area under the curve in the fi rst 15h of postoperative ICU stay. 
CPB, cardiopulmonary bypass; ICU, intensive care unit. 
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Figure 3. Lactate levels during surgery and in the fi rst 15 hours of postoperative ICU stay. 
Time in hours, unless noted otherwise. Lactate level in mmol/L, mean (SD). To convert lactate mmol/L 
to mg/dL, multiply by 9.01. Mean AUC15 dexamethasone group 25.8 mmol/L x h, placebo group 19.9 
mmol/L x h, P<0.000001. *) statistically signifi cant (Bonferroni P<.05). Abbreviations: AUC15 denotes area 
under the curve in the fi rst 15h of postoperative ICU stay. CPB, cardiopulmonary bypass; ICU, intensive 
care unit. 
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Figure 5. Length of postoperative intensive care unit stay in the dexamethasone and placebo groups.
Box-plot of postoperative intensive care unit length of stay is shown. Whiskers represent the last datum 
within 1.5 times the interquartile range. Median (interquartile range) lengths of stay were 21.9 (4.3) hours 
in the dexamethasone group and 22.7 (24.5) hours in the placebo group (P <0.001) (log-rank test). Note the 
diff erence between the median and mean lengths of stay (see Table 3).
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Discussion
This randomized trial of 497 cardiac surgery patients showed that a single 
intraoperative high dose of dexamethasone leads to signifi cantly increased lactate 
and glucose levels in the early postoperative period, with the use of a computer-
assisted glucose control system. In the early postoperative period, the average 
insulin requirement was two times the average amount required in patients who 
received placebo. Still, patients who received dexamethasone were more likely to be 
discharged from the ICU within 24 hours after surgery compared with patients who 
received placebo, as previously observed in the parent trial.3 Bivariate correlation 
analysis and multivariate regression analysis suggest that the higher glucose levels 
in patients who received dexamethasone may largely be responsible for the higher 
lactate levels.

Lactate measurement and corticosteroid administration are widely used, and 
both arguably have a unique position in critical care. Lactate has emerged as one 
of the most useful prognostic laboratory parameters to predict poor outcome.15,18,19 
Recent studies have demonstrated that lactate can be used to monitor the adequacy 
of circulatory management and that treatment targeted towards reducing lactate 
levels has clinical benefi t in ICU patients.25 On the therapeutic side, corticosteroid 
therapy is probably the most debated intervention in critical care.1,2,4,26 Against 
this background, it is surprising that relatively little evidence exists on the direct 
impact of corticosteroids upon lactate levels. Other than the aforementioned small 
studies from 1997 and 2003, we are not aware of other randomized double-blind 
placebo-controlled studies that have studied the eff ect of high-dose corticosteroids 
on postoperative lactate levels.7,8

Our observation has practical consequences regarding the prognostic value of 
moderately increased lactate and glucose levels. In this study, patients who received 
dexamethasone had higher lactate levels, required more insulin, and had higher 
glucose levels, but the parent trial (n = 4,494) showed that dexamethasone reduced 
ICU length of stay and that there was no eff ect of dexamethasone on major adverse 
events (7.0% after dexamethasone versus 8.5% after placebo, P = 0.07).3 

The present substudy was underpowered to evaluate the eff ect of dexamethasone 
on major adverse events but confi rmed the shorter length of stay in the ICU found in 
the dexamethasone group in the parent trial.
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The pleiotropic eff ects of dexamethasone and the pleiotropic causes of 
hyperlactatemia make it impossible to determine the dominant pathways involved. 
Figure 6 shows several potential stimulatory and inhibitory pathways that may 
have played a role in the induction of higher lactate levels in patients who received 
dexamethasone and the strong relation of this eff ect with high glucose levels. 
Dexamethasone may reduce lactate production by inhibiting the synthesis of pro-
infl ammatory cytokines associated with increased lactate production.7,9,12,27-29 This 
eff ect may have been outweighed by dexamethasone’s eff ects on the adrenergic stress 
response, which increases blood lactate directly through increased catecholamine 
production in the adrenal medulla. Indirectly, dexamethasone increases lactate 
production through its eff ect on insulin resistance and hepatic production of glucose, 
which increases blood glucose, which is a substrate for lactate production.10-12 In this 
study, multivariate regression suggests that the eff ect of dexamethasone on lactate 
production is dependent on its hyperglycemic eff ect.

Whether the positive relation between lactate and corticosteroids that 
we observed is restricted to cardiac surgery patients who receive high-dose 
dexamethasone or whether it is also present in, for example, sepsis patients who 
receive comparatively lower doses of hydrocortisone is not known. Detailed 
analysis of glucose and lactate measurements in sepsis patients might address 
this question. In a recent retrospective study on the relation of hyperlactatemia 
and hyperglycemia with outcome in a cohort of nearly 8,000 ICU patients, it was 
observed that hyperlactatemia and hyperglycemia each had a strong relation with 
mortality but that the independent relation of hyperglycemia with outcome virtually 
disappeared when hyperlactatemia and hyperglycemia were included together. The 
investigators suggest that this observation indicates that stress is a common cause for 
increases of both lactate and glucose.32 In the case of dexamethasone administration, 
measurements of adrenergic stress hormone and cytokine levels might further 
elucidate the pathways by which dexamethasone or other corticosteroids infl uence 
glucose and lactate levels. Bivariate cross-correlation analysis (presented in the 
Appendix, Table 2) supports the suggestion of a causal relation as refl ected by the 
time course of the mean glucose and lactate curves, namely that the glucose peak 
induces a lactate peak a few hours later.

 Future studies with continuous monitoring of circulating glucose and lactate as 
well as a sampling of mediators such as epinephrine and registration of exogenous 
catecholamines may further clarify the apparent temporal and potential causal 
relation between the (postoperative) glucose peak and subsequent lactate peak.
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Hyperglycemia
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Figure 6. The infl uence of dexamethasone on glucose and lactate levels.
(1) Dexamethasone reduces production of pro-infl ammatory cytokines. (2) In the adrenergic medulla, 
dexamethasone increases catecholamine production. (3) Dexamethasone stimulates hepatic glucose 
production and increases insulin resistance. (4) Glucose can be metabolized to pyruvate and to lactate 
via lactate dehydrogenase. (5) Catecholamine stimulation can increase lactate production via increased 
Na-K-pump activity [10-12,27-31].
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Several limitations apply to our study. This study has a relatively short follow-
up time. Most patients leave the ICU within 24 hours, limiting the time frame for 
highly frequent glucose and lactate sampling, although as the temporal data show, 
the period of maximal insulin resistance has clearly passed by then.

In this study population, the 30-day mortality was 2%, somewhat higher than 
the overall 30-day mortality in the DECS trial (1.5%). This can be explained by a 
diff erence in case mix, refl ected by the higher median Euroscore of the patients 
operated at the University Medical Center Groningen compared with the overall 
Euroscore in the DECS trial: 6 (IQR 4 to 8) versus 5 (IQR 3 to 7).

This study was performed at an ICU with a validated computer-assisted glucose 
regulation protocol. We expect that, on average, glucose levels in both groups would 
have been higher if less intensive glucose control had been applied. The GRIP system 
advised much larger insulin doses to patients who received dexamethasone. We 
therefore expect that a larger diff erence between the glucose levels of patients who 
received dexamethasone versus those who received placebo would have occurred 
in an environment with less intensive glucose control. Because of the double 
blinding, modifi ed glucose regulation algorithms for patients receiving steroids 
could not be used. Our results show that specifi c glucose regulation algorithms for 
cardiac surgery patients receiving corticosteroids are important to prevent early 
postoperative hyperglycemia.

The higher glucose levels in patients in the dexamethasone group may have 
indicated the treatment allocation in some patients. Still, there was a considerable 
overlap of postoperative glucose levels in the diff erent treatment groups, and insulin 
dose changes were prescribed by the GRIP computer system and applied by nurses, 
who were not involved in the analysis of the data.

A fi nal important limitation of our study is the diff erence in the number of patients 
who used beta-blockers at baseline, despite adequate randomization. Pre-operative 
beta-blocker use was associated with a small but statistically signifi cant increase in 
postoperative glucose levels but not lactate levels. More patients randomly assigned 
toward receiving dexamethasone used beta-blockers pre-operatively. This may have 
contributed to a part of the observed eff ect of dexamethasone on postoperative 
glucose levels.
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Conclusions
In this randomized clinical trial of 498 patients, the administration of intraoperative 
high-dose dexamethasone was associated with signifi cantly higher postoperative 
lactate and glucose levels after cardiac surgery but was associated with decreased 
ICU length of stay.
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Figure 1. Graphical representation of the (A) glucose and (B) lactate sampling frequency in the 
dexamethasone and placebo group during the fi rst 15 hours of postoperative intensive care unit stay.
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Figure 2. Graphical representation of the number of insulin infusion rate adjustments made during the 
fi rst 15 hours of postoperative intensive care unit stay

Table 1. Multivariate linear regression model of the eff ect of dexamethasone on postoperative 
lactate levels

Model 1 Model 2

R2=0.055 R2=0.216

Variable Beta P-value Beta P-value

Treatment allocation (to dexamethasone or 
placebo)

52.711 <.001 12.454 0.208

Glucose AUC15, in mg/dL x h 0.187 <.001

Model dependent variable is lactate area under the curve in the fi rst 15 hours of postoperative ICU 
stay (AUC15), in mg/dL x h
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Abstract
Introduction
Adverse neuropsychiatric outcomes are common after cardiac surgery (CS). 
However, the prevalence and phenomenology of postoperative hallucinations (PH) 
after CS, and their relation to delirium, have not been studied well. We present here 
the fi rst prospective study on this subject.

Methods
We compared results of the Questionnaire for Psychotic Experiences from CS 
patients to cardiology outpatients and healthy subjects. To identify risk factors for 
PH, several cardiac disease parameters and surgical characteristics were analyzed 
using logistic regression. Postoperative delirium was measured with multiple 
validated instruments.

Results 
Between July 2013 and January 2015, we included 201 CS patients. Control groups 
consisted of 99 cardiology outpatients and 500 healthy subjects. 44 CS patients 
(21.9%) experienced PH in the fi rst 4 postoperative days. The prevalence of recent 
hallucinations was signifi cantly lower in cardiology outpatients (4.1%, P<0.001) 
and healthy controls (9.2% (P<0.001). CS patients who experienced PH were more 
likely to also have delirium compared to patients without PH (22.7% vs 10.2%, odds 
ratio (OR) 2.59, 95%, P=0.03). However, the majority of patients with PH (77.3%) did 
not develop delirium. Risk factors for PH included older age, insulin-dependent 
diabetes, more severe cardiac symptoms, longer duration of cardiopulmonary 
bypass, blood transfusion and higher cumulative postoperative opioid dose.

Conclusion
After cardiac surgery, hallucinations occurred more frequently than recent 
hallucinations in cardiology outpatients or healthy subjects. Although PH and 
postoperative delirium were associated, the majority of patients who experienced 
PH did not develop delirium. Older patients with more severe cardiac disease had 
a higher risk of PH.
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Introduction
Although cardiac surgery often improves patients’ quality of life,1 it can be 

complicated by a broad range of cerebral complications, including stroke, delirium 
and hallucinations.2-4 Clinical studies on hallucinations in cardiac surgery patients 
are very sparse, and the prevalence, risk factors and phenomenology remain mostly 
unknown.

Hallucinations are sensory perceptions that occur in the absence of external 
stimulation of the relevant sensory organ, whilst a person is awake and conscious. 
They may occur in any of the senses, and tend to be veridical.5 Hallucinations 
are common symptoms of several neurological and psychiatric diseases, such as 
schizophrenia, blindness and Parkinson’s disease.6 Hallucinations can be frightening 
and tend to cause signifi cant and emotional distress.7

In the perioperative period, hallucinations are seen in patients with delirium, but 
patients without delirium may also experience them.8 Reversely, approximately 50% 
of patients with delirium do not experience hallucinations. Because hallucinations 
are a relatively unknown entity to clinicians who work with postoperative patients, 
their presence and potential eff ects on patients may remain undetected or may be 
incorrectly attributed to delirium, potentially leading to unnecessary treatment. 

The paucity of clinical studies on postoperative hallucinations may be caused 
by the lack of validated tools to measure hallucinations in the perioperative phase. 
Previous screening instruments for psychotic symptoms such as hallucinations have 
been developed for use in patients with specifi c diagnoses, such as schizophrenia. 
Recently, the Questionnaire for Psychotic Experiences (QPE) has been developed 
as a screening instrument that can be used across diff erent diagnostic groups. 
Because it is easy to use by clinicians and nurses, as well as clinical researchers, the 
QPE allows for structured screening for hallucinations in the perioperative phase.
(Schutte J.L. et al, submitted) 

We have conducted a prospective observational study on the prevalence and 
phenomenology of hallucinations after cardiac surgery, using the QPE instrument. We 
also identifi ed potential risk factors and studied the relation between postoperative 
hallucinations and delirium. 
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Methods
Study design and population
This single-center prospective observational study was carried out at the University 
Medical Center Utrecht, a tertiary university hospital in the Netherlands. The study 
protocol was approved by the Institutional Review Board of the University Medical 
Center Utrecht (protocol number 16-602). 

For this study, data from three groups of participants were used: patients who 
underwent cardiac surgery, patients with cardiac disease who were outpatients 
(cardiology outpatient group), and healthy control participants (healthy control 
group).
 

The cardiac surgery patients were recruited during their preoperative visit to the 
preoperative screening clinic. Patients were eligible for inclusion when they were 
older than 18 years of age and were scheduled to undergo elective or semi-elective 
cardiac surgery. Exclusion criteria were inability to speak and understand Dutch 
or English, mental incompetence to give informed consent and a history of alcohol 
abuse.

The cardiology outpatient group was recruited at the cardiology outpatient 
clinic of the University Medical Center Utrecht. Patients were eligible for inclusion 
when they were older than 18 years of age and were being treated for coronary 
artery disease, valvular heart disease or cardiac arrhythmias. Exclusion criteria 
were the same as in the cardiac surgery group. Patients were also excluded if they 
had undergone cardiac surgery within the last 12 months. Patients in the cardiac 
surgery and cardiology outpatient groups gave written informed consent prior to 
participation. 

A community-based healthy control group was recruited separately for this 
studies parent project. Participants were recruited randomly, from cities as well as 
rural area’s.  Similar to the other groups, participants had to understand and speak 
Dutch to be included. Patients in this group were not inquired about alcohol abuse.

Anesthesia and intensive care in the cardiac surgery group
Participants in the cardiac surgery group received care as per routine clinical 
practice. This included premedication with oral midazolam on the day of surgery, 
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unless contra-indicated because of advanced age (>75 years), obstructive sleep apnea 
or neuromuscular disorders. Anesthesia induction and maintenance techniques 
were left at the discretion of the attending anesthesiologist. Anesthesia was most 
commonly induced with sufentanil, midazolam and rocuronium and maintained 
with sufentanil and either isofl urane or sevofl urane. Postoperatively, all patients 
in this group were admitted to the intensive care unit (ICU) and extubated at the 
discretion of the ICU staff . 

Data Collection

Data collection in the cardiac surgery group
Cardiac surgery patients were followed up from the fi rst until the fourth postoperative 
day. Every day, trained research assistants administered the QPE instrument.  

On the fi rst postoperative day, a short screening version of the QPE was 
administered. If a patient’s response to any of the QPE screening questions suggested 
possible hallucinations, the more comprehensive full version of the instrument was 
administered on that day, as well as on all the subsequent days of the follow-up 
period. If the patient’s response did not suggest hallucinations, the screening version 
was administered again on the next postoperative day. 

The occurrence of delirium was only assessed in the cardiac surgery group. 
During intensive care unit (ICU) admission, a research assistant screened the cardiac 
surgery patients for delirium twice daily using the ICU adaptation of the Confusion 
Assessment Method (CAM-ICU) and the Intensive Care Delirium Screening 
Checklist (ICDSC).9,10 The bedside nurse also screened patients for delirium using 
the CAM-ICU once every shift. Patients were not assessed for delirium if they were 
unarousable, as measured with the Richmond Agitation Sedation Scale (score -4 
or -5).11 After discharge from ICU, the ward nurse screened patients for delirium 
once every shift using the Delirium Observation Scale (DOS),12 and research 
assistants screened the patients using the CAM, once daily. Research assistants also 
reviewed the patient’s charts for notes that suggested the occurrence of delirium or 
administration of antipsychotic medication.

Data collection in the cardiology outpatient group
A trained research assistant interviewed the participants in this group, after the 
consult with the participant’s cardiologist. A family member was allowed to 
accompany the patient during the interview, which was conducted in a private 
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room. First, a questionnaire for demographic characteristics and medical history was 
taken. Then, the screening version of the QPE instrument was administered. Similar 
to the cardiac surgery group, the full version of the QPE was administered when a 
patients’ response to the QPE screening questions suggested possible hallucinations. 

Data collection in the healthy control group
Participants in this group completed the screening version of the QPE, as well as 
a questionnaire on demographic characteristics and medical history individually, 
whist sitting in a quiet room. 

Classifi cation of hallucinations
Positive responses to the QPE were recorded in detail and discussed in a meeting 
with expert psychiatrists and researchers, before classifying the response as a 
hallucination. An experience was classifi ed as a hallucination only when experienced 
in the awake state, with open eyes.  

Risk Factors
Of all cardiac surgery patients, information on comorbidity and cardiac disease 
severity was gathered routinely during preoperative consultations with the 
cardiothoracic surgery and anesthesiology outpatient clinic consults. We recorded 
the participant’s age, gender, type of cardiac disease, cardiac symptom severity 
(New York Heart Association (NYHA) class of disability from dyspnea or Canadian 
Cardiology Society (CCS) class of disability from chest pain), left ventricular ejection 
fraction, kidney function, as well as the presence of insulin-dependent diabetes, 
chronic pulmonary disease and extracardiac arterial occlusive disease and if they 
had undergone previous cardiac surgery. In the perioperative phase, we recorded 
if the patient was prescribed benzodiazepine premedication, the duration of 
cardiopulmonary bypass, occurrence of delirium (as described above) and if the 
patient had received a transfusion of packed red blood cells, thrombocytes or plasma 
during surgery or the postoperative observation period. We recorded the cumulative 
dose of all benzodiazepines during the postoperative phase, starting from the arrival 
of the patient on the intensive care unit (ICU) until the fourth postoperative day and 
converted the dose to midazolam equivalents because this was the benzodiazepine 
that was used most frequently after cardiac surgery. Similarly, we added and 
converted all opioid doses during the postoperative phase and converted this to 
intravenous morphine equivalents. 
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Data analysis
The Chi-square or Fisher’s exact test was used to compare the prevalence of 
hallucinations between the cardiac surgery group and the two control groups, where 
appropriate. 

To identify potential risk factors for postoperative hallucinations, we conducted 
bivariate analyses of demographic data, relevant comorbidities and cardiac disease 
characteristics and postoperative clinical variables. Proportions were compared 
between using the Chi-square test or Fisher’s exact test, means of normally 
distributed data using student’s t-test and medians of non-normally distributed data 
with the Mann-Whitney-U test. Variables with a univariable p-value of <0.15 were 
selected as potential risk factors. The strength of the association of the risk factors 
after correction for each others infl uence was evaluated by estimating their adjusted 
odds ratio’s with use of a multivariable logistic regression model. We used the 
Statistical Package for the Social Sciences (SPSS, IBM SPSS Inc, Chicago, IL) version 
22 for all analyses. 

Results
Population

Cardiac surgery patients
Between July 2013 and January 2015, 299 patients gave informed consent for 
participation. 36 patients did not participate in the study because an exclusion 
criterion was discovered after the informed consent procedure, the surgery was 
cancelled, or the patient discontinued participation. Logistic problems, such as early 
postoperative transferal to another hospital precluded follow-up in 51 patients. 
8 patients could not be interviewed because of postoperative complications. Of 3 
patients, the case record form was incomplete. 201 patients were included in the 
analysis. 

Cardiology outpatient group
Between September 2015 and April 2016, 101 patients were recruited for participation 
in the cardiology outpatient group. Two of these patients were excluded from the 
analysis. One patient did not fulfi ll the inclusion criteria, another patient refused 
to complete the questionnaires. The baseline characteristics of cardiac surgery and 
cardiology outpatient group participants are shown in table 1. 
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Healthy control group
The healthy control group was recruited between March and December 2015 and 
consisted of 500 participants, 225 (45.0%) of which were men. Their average age was 
44.9 years (SD 20.3). 

Surgery, postoperative analgesia and sedation in the cardiac surgery group
Table 2 shows the characteristics of the surgical procedures in the cardiac 
surgery. During the fi rst four postoperative days, 135 (67.2%) patients received 
a benzodiazepine at least once. The median cumulative amount of opioids 
administered during the observation period (expressed as IV morphine equivalents) 
was 13.5 mg (interquartile range 5.0 to 28.0 mg). Most patients received morphine in 
the ICU, and oxycodone on the ward. 

Occurrence of hallucinations
Of the 201 cardiac surgery patients, 44 (21.9%) experienced hallucinations during the 
postoperative follow-up period. In the cardiology outpatient group, 4 participants 
(4.1%) reported to have experienced hallucinations in the week before the interview. 
In the healthy control group, 46 participants (9.2%) reported hallucinations in 
the same timeframe. The diff erence between the cardiac surgery group and each 
of the control groups was statistically signifi cant (both P<0.01). The diff erence in 
prevalence of recent hallucinations between the cardiology outpatient group and 
the healthy control group was not statistically signifi cant (P=0.11), and neither was 
the diff erence in lifetime prevalence of hallucinations between these two groups (27 
(27.3%) vs 171 (34.2%), P=0.18). 

Type of hallucinations
Of the 44 patients in the cardiac surgery group who experienced postoperative 
hallucinations, 31 patients (70.5%) reported isolated visual hallucinations. Other 
types of hallucinations reported postoperatively were auditory, olfactory and 
tactile hallucinations. Seven patients (4.5%) experienced hallucinations of combined 
modalities. The reported hallucinatory experiences ranged from light fl ashes and 
patterns to fl owers that appeared on the walls, water fl owing into the room and the 
appearance of a patient’s deceased spouse. One patient heard marching soldiers and 
people speaking in a diff erent language, another patient heard children playing.  

In contrast with the cardiac surgery patients, none of the cardiology outpatient 
group participants reported recent visual hallucinations. The hallucinations reported 
in this group were either isolated auditory (n = 2, 50%) or auditory combined with 

Chapter 7

122



Table 1. Demographic characteristics and baseline parameters of the participants in the cardiac 
surgery and cardiology outpatient groups.

Cardiac Surgery 
group 
N = 201

Cardiology 
Outpatient Group 
N = 99  P-value

Demographics

Age, years, mean (SD) 64.6 (11.0) 65.2 (12.2) 0.695

Male sex 146 (72.6) 64 (64.6) 0.156

Type of heart disease

 Isolated coronary artery disease 76 (37.8) 30 (30.3)

 Isolated heart valve disease 47 (23.4) 12 (12.1)

 Isolated cardiac arrhythmia 0 (0) 28 (28.3)

 Multiple cardiac pathologies 78 (38.8) 29 (29.3) <0.001

Disease severity parameters

History of cardiac surgery 13 (6.5) 35 (35.4) <0.001

Symptom severity NYHA/CCS-class III 
or IV 

69 (34.3) 27 (27.3) 0.218

Left Ventricular Ejection Fraction

 Good (>50 %) 125 (62.2) 74 (74.4)

 Moderate (31-50%) 58 (28.9) 22 (22.2)

 Poor (< 30%) 18 (9.0) 4 (4.0) 0.024

Comorbidities

Impaired kidney function  (eGFR<51 
ml/min/1.73m2)

15 (7.5) 5 (5.1) 0.456

Extracardiac arteriopathy 18 (9.0) 16 (16.2) 0.064

Chronic use of inhaled bronchodilators 
or steroids for lung disease

19 (9.5) 8 (8.1) 0.696

Diabetes managed with insulin 16 (8.0) 1 (1.0) 0.029

All data presented as N (%), unless indicated otherwise. 

Abbreviations:  CCS, Canadian Cardiovascular Society grading of angina pectoris. NYHA, New 
York Heart Association functional classifi cation of heart failure symptoms. In both classifi cations, 
class III corresponds to marked limitation of daily activities due to symptoms. Class IV 
corresponds to severe limitations, or symptoms experienced at rest. eGFR, estimated glomerular 
fi ltration ratio. 
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another sensory modality (n = 2, 50%). Visual hallucinations were also the least 
common type of recent hallucination in the healthy control group (n = 8, 18%). 

Emotional valence of hallucinations in the cardiac surgery group
When asked about the severity of the hallucinations, eight patients (4.0%) said 
that their visual or auditory hallucinations caused them at least some degree of 
discomfort or anxiety. Details about the duration, time of occurrence and complexity 
of the visual and auditory hallucinations is given in table 3.

Hallucinations and delirium in the cardiac surgery group
In the fi rst four postoperative days, delirium was detected in 26 patients (12.9%). 
Patients who reported to have experienced hallucinations during the postoperative 
follow-up period were more likely have had at least one episode of delirium compared 
to those who had not experienced hallucinations (22.7% vs 10.2%, crude odds ratio 
(OR) 2.59, 95% confi dence interval (95% CI) 1.08 to 6.21, P = 0.03). However, 34 of 
the 44 patients (77.3%) who experienced postoperative hallucinations did not have 
delirium during the follow-up period.  

Risk factors for postoperative hallucinations 
Bivariate analysis showed that patients who were older had a higher risk of 
postoperative hallucinations (crude OR 1.05 per year, 95% CI 1.01 to 1.09, P = 0.01). 
The prevalence of postoperative hallucinations did not diff er signifi cantly between 
men and women (P = 0.69). A poorer pre-operative functional status, classifi ed using 
the New York Heart Association (NYHA) class for dyspnea or Canadian Cardiology 
Society (CCS) class for angina pectoris, was associated with an increased risk of 
postoperative hallucinations (Wald statistic 5.67, P = 0.123). A history of insulin use 
for diabetes mellitus was associated with a lower risk of postoperative hallucinations 
(crude OR 0.22 P = 0.15). The type of cardiac disease (coronary disease, valvular 
disease or arrhythmia), left ventricular ejection fraction, history of previous cardiac 
surgery, kidney function and the presence of extracardiac arteriopathy or chronic 
pulmonary disease were not associated with postoperative hallucinations.

Of the perioperative clinical characteristics, a longer duration of 
cardiopulmonary bypass (crude OR 1.005 per minute, 95% CI 1.00 to 1.01), the 
administration of blood transfusions (crude OR 2.08, 95% CI 1.04 to 4.16) and the 
cumulative amount of opioids administered during the four-day follow-up period                                                                                
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Table 2. Surgical characteristics of the cardiac surgery group (n=201)

Type of Surgery

Coronary Artery Bypass Grafting, N(%) 88 (43.8)

Single Valve, N(%) 48 (23.9)

Multiple Valves, N(%) 7 (3.5)

Thoracic Aorta, N(%) 8 (4.0)

Combined procedures, N(%) 50 (24.9)

Duration of cardiopulmonary bypass, median (IQR), minutes 105 (80 to 147)

EuroSCORE-II (predicted mortality), median (IQR), % 1.5 (0.9 to 2.9)

Postoperative transfusion of blood products, N(%) 61 (30.3)

Received benzodiazepine premedication, N(%) 164 (81.6)

Cumulative postoperative benzodiazepine dose (midazolam equivalents), mg 5 (0 to 10)

Cumulative postoperative opioid dose (morphine equivalents), mg 13.5 (5 to 28)

The EuroSCORE 2 (European System for Cardiac Operative Risk Evaluation) is a risk index 
that predicts operative and in-hospital mortality after cardiac surgery from several patient- and 
surgery related risk factors. Cumulative drug doses calculated from postoperative arrival in the 
intensive care unit until the end of the follow-up period.

(crude OR 1.01 per mg morphine equivalent, 95% CI 0.99 to 1.02) were associated with 
a higher risk of postoperative hallucinations. As described previously, hallucinations 
were also associated with postoperative delirium. A reduced risk of hallucinations 
was found in patients who had received benzodiazepine premedication, which 
was routinely only prescribed to patients younger than 75 years of age and without 
contra-indications for benzodiazepines (crude OR 0.32, 95% CI 0.15 to 0.68). The 
cumulative amount of benzodiazepines administered to patients with hallucinations 
was higher during the four-day follow-up period (median (IQR) 6.3 (0 to 14) vs 3.0 (0 
to 10) mg midazolam equivalent), but this diff erence was not statistically signifi cant 
(P = 0.30). The adjusted odds ratio’s, estimated with a logistic regression model are 
presented in table 4. 
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Table 3. Characteristics of visual and auditory hallucinations in the cardiac surgery group (n=201)

Visual 
Hallucinations 
(N = 39)

Auditory 
Hallucinations 
(N = 9)

Duration

Very brief, just an instant 4 (10.3) 4 (44.4)

A few seconds 8 (20.5) 0

A minute or a few minutes 11 (28.2) 1 (11.1)

10 minutes to an hour 4 (10,3) 1 (11.1)

Between one and several hours 6 (15.4) 2 (22.2)

(Almost) continually 5 (12.8) 0

Unknown 1 (2.6) 1 (11.1)

Time of occurrence

No time pattern noticed 6 (15.4) 0

Only at night 9 (23.1) 4 (44.4)

Mostly during the evening 3 (7.7) 0

At the borders of sleep 5 (12.8) 1 (11.1)

Mostly during the day 8 (20.5) 1 (11.1)

Both during the day and night 5 (12.8) 1 (11.1)

Unknown 3 (7.7) 0

Emotional valence

Never negative; the entire content is positive, useful or 
neutral

32 (82.1) 7 (77.8)

Occasional instances of negative content (< 10%) 2 (5.1) 1 (11.1)

Some of the content is negative 1 (2.6) 0

About half of the content is negative 0 0

The majority of the content is negative 1 (2.6) 0

Always, the entire content is negative 3 (7.7) 1 (11.1)

Experienced distress

No discomfort, it does not aff ect me at all 30 (76.9) 8 (88.9)

Doubtful, perhaps a little discomfort 1 (2.6) 0 

Some discomfort, it may aff ect my behavior or mood 3 (7.7) 0

Considerable discomfort, making me feel anxious, restless 
or depressed

1 (2.6) 0

A lot of discomfort, making me feel afraid, unsafe or 
depressed

3 (7.7) 1 (11.1)

Unknown 1 (2.6) 0
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Insight 

Completely convinced that the hallucinations are not real 30 (76.9) 

Slight doubt whether they are real, most likely not real 1 (2.6) 

They are probably real, but alternative explanations may 
also be possible

1 (2.6) 

Strongly convinced that the hallucinations are real, only a 
little doubt

2 (5.1) 

Completely convinced that the hallucinations are real 4 (10.3)

Unknown 1 (2.6) 

Complexity (visual)

Simple forms like circles, fl ashes of light, dots or lines 9 (23.1)

Patterns, i.e. checkerboards, diamond shaped objects, 
lattices or bricks

5 (12.8)

(Distorted) faces or shadows 8 (20.5)

Complex images: people and/or animals 5 (12.8)

Complex images: inanimate objects (e.g. buildings, 
vehicles)

11 (28.2) 

Unknown 1 (2.6)

Complexity (auditory)

Only non-verbal auditory hallucinations, no voices 2 (22.2)

One single word 1 (11.1)

Several words, short phrases 0

Single sentences 3 (33.3)

Several sentences running together 2 (22.2)

Unknown 1 (11.1)

All values presented as N (%)
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Discussion
This is the fi rst detailed description of the prevalence, phenomenology and risk 
factors of postoperative hallucinations after cardiac surgery. We found that 21.9% 
of cardiac surgery patients experienced hallucinations in the fi rst four postoperative 
days. This was signifi cantly higher than in cardiology outpatients (4.1%) or healthy 
controls (9.2%). Hallucinations did not only occur more frequently in the cardiac 
surgery group, but were also of a diff erent type, being more predominantly visual 
in character. Relatively few patients reported signifi cant discomfort or anxiety as 
a result of the hallucinations. The large majority of cardiac surgery patients with 
hallucinations did not have concomitant delirium. 

We identifi ed several risk factors for postoperative hallucinations. Pre-
operatively, older age and more severe functional limitation due to cardiac symptoms 
(NYHA- or CCS-class) were associated with an increased risk. The administration 
of benzodiazepine premedication seemed to be protective against postoperative 
hallucinations. This eff ect can be explained by the policy that such premedication 
was not given to older patients or those with particular comorbidities. Withholding 
of benzodiazepine premedication can thus be interpreted as a marker for frailty. The 
positive association between insulin-dependent diabetes mellitus and postoperative 
hallucinations must be interpreted with caution, because this cohort contained only 
one patient with insulin-dependent diabetes who also experienced postoperative 
hallucinations. In the perioperative and postoperative phase, longer duration of 
cardiopulmonary bypass, transfusion of blood products and the cumulative amount 
of opioids administered during the fi rst postoperative four days were associated 
with a higher risk of hallucinations. These variables can be interpreted as markers of 
longer and more complicated surgeries.

Patients with hallucinations in the fi rst four postoperative days were more likely 
to also have delirium during this period. The prevalence of delirium in our study 
is relatively low compared to older studies that reported delirium in up to 50% of 
cardiac surgery patients,14,15 but corresponded well to fi ndings of a recent study of 
delirium after cardiac surgery that was carried out in our hospital and used the same 
delirium screening strategy, as well as to other recent large studies in the cardiac 
surgery population.16-18 
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Table 4. Logistic regression analysis for identifi cation of risk factors of postoperative hallucinations in the cardiac surgery group (N
=201)*

Patients 
w

ithout 
hallucinations 
N

 = 157

Patients w
ith 

hallucinations 
N

 = 44
O

R
adj

95%
 C

I
P-value

A
ge, years, m

edian (IQ
R)

64 (57 to 72)
69 (62 to 78)

1.03
0.94 to 1.07

0.245

D
iabetes m

anaged w
ith insulin

15 (9.6)
1 (2.3)

0.18
0.02 to 1.47

0.108

Sym
ptom

 severity N
YH

A
/C

C
S-class

†
0.119

 
N

YH
A

/C
C

S II
66 (42.0)

24 (54.5)
4.10

1.22 to 13.82
0.023

 
N

YH
A

/C
C

S III
36 (22.9)

13 (29.5)
3.48

0.95 to 12.79
0.060

 
N

YH
A

/C
C

S IV
17 (10.8)

3 (6.8)
1.84

0.33 to 10.45
0.490

C
um

ulative postoperative opioid dose 

(IV
 m

orphine equivalents), m
g, m

edian (IQ
R))

12 (5 to 26)
17.5 (6 to 32)

1.02
1.00 to 1.04

0.072

Benzodiazepine prem
edication

135 (86)
29 (65.9)

0.35
0.13 to 0.93

0.035

D
uration of cardiopulm

onary bypass,

m
inutes, m

ean (SD
)

114 (54)
133 (78)

1.004
1.00 to 1.01

0.244

Postoperative transfusion of blood products
42 (26.8)

19 (43.2)
1.69

0.73 to 3.92
0.218

Postoperative delirium
16 (10.2)

10 (22.7)
1.32

0.46 to 3.78
0.610

* The dependent variable in the m
odel is postoperative hallucinations (yes/no). A

ll values presented as n (%
), unless otherw

ise indicated. 
O

verall m
odel C

hi-square 24.5, p = 0.001. N
agelkerke R-square 0.21, H

osm
er and Lem

eshow
 chi-square for goodness of fi t 5.6, p = 0.69. 

† in both classifi cations, class III corresponds to m
arked lim

itation of daily activities due to sym
ptom

s. C
lass IV

 corresponds to severe 
lim

itations, or sym
ptom

s experienced at rest.

A
bbreviations:  C

C
S, C

anadian C
ardiovascular Society grading of angina pectoris; N

YH
A

, N
ew

 York H
eart A

ssociation functional 
classifi cation of heart failure sym

ptom
s; eG

FR, estim
ated glom

erular fi ltration ratio; IQ
R, interquartile range; LV

EF, left ventricular 
ejection fraction. O

Radj, adjusted odds ratio; SD
, standard deviation; 95%

C
I, 95%

 confi dence interval.
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Although we believe our screening strategy to have a high diagnostic acuity for 
delirium, we may have missed delirium episodes that occurred between screening 
sessions, which were also not noted in the patients’ records or remained untreated 
with antipsychotics. 

Strengths of this study are the large sample size and the daily administration 
of the QPE-instrument to screen for hallucinations in all modalities in a short, 
structured interview, along with daily administration of multiple validated 
diagnostic instruments to detect delirium. This decreased the risk of missing 
hallucinatory episodes due to the patient forgetting them along the postoperative 
phase, and helped to capture a maximum amount detail about the hallucinatory 
experiences. Still, we believe this study may have underestimated the prevalence of 
hallucinations. Patients may be reluctant to admit having experienced hallucinations, 
because they are afraid of stigmatization. Also, the assessment of neuropsychiatric 
outcomes in the postoperative phase can be hindered by complications such as 
re-operation or medical treatments that preclude testing. Postoperative cognitive 
dysfunction, delirium or the administration of memory impairing medication such as 
benzodiazepines may also have caused patients not to remember and subsequently 
report their hallucinatory experiences.13 This is also relevant for the association we 
found between hallucinations and delirium, which should therefore be interpreted 
with caution.

This study had several limitations. The lack of baseline administration of the QPE to 
the surgical patients may have introduced bias. Even though the surgical population 
may have had a higher baseline prevalence of hallucinations, the diff erence between 
the prevalence of recent hallucinations in the surgical group versus either control 
group was probably large enough to conclude that hallucinations occur signifi cantly 
more frequently after cardiac surgery. Because the two control groups of this study 
were recruited and tested in diff erent ways, some error may have been introduced in 
the comparison of the prevalence of hallucinations. The healthy control group was 
also younger compared to the cardiac surgery and cardiology outpatient groups. 
This may explain the diff erence in lifetime prevalence of hallucinations between the 
control groups. Another limitation is the relatively high proportion of patients that 
had to be excluded because their follow-up was incomplete. This may have led to 
underestimation of the prevalence of hallucinations. 
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We consider the QPE instrument feasible for diagnostic use in the postoperative 
phase after major surgery; formal investigation of its diagnostic performance across 
diff erent diagnosis groups is currently being carried out.

Conclusion
In conclusion, we found a high prevalence of mostly visual hallucinations after 
cardiac surgery. Although there was an association between postoperative 
hallucinations and delirium, the majority of patients who had hallucinations did 
not have concomitant postoperative delirium. In most cases, hallucinations did not 
cause severe distress or anxiety. We advise clinicians to be cautious of diagnosing 
delirium in patients who experience postoperative hallucinations without formal 
delirium testing.  The risk of postoperative hallucinations was higher in patients 
who were older and had more severe disability due to cardiac symptoms, spent 
more time on cardiopulmonary bypass, received more opioids or received blood 
transfusions. 

 
Acknowledgments
We thank Danique Bakker, Kai Zheng, Emily Tegnell, Nanda van der Poll, Pascal 
Boere, the research nurses and the nurses from the department of intensive care and 
cardiothoracic surgery for their support in data collection.  

Chapter 7 Hallucinations after cardiac surgery

131

7



References
1. Mack MJ, Brown PP, Kugelmass AD, 

Battaglia SL, Tarkington LG, Simon AW, et 
al. Current status and outcomes of coronary 
revascularization 1999 to 2002: 148,396 
surgical and percutaneous procedures. Ann 
Thorac Surg. 2004; 77(3): 761–8. 

2. Eissa A, Baker RA, Knight JL. Closed-eye 
visual hallucinations after coronary artery 
bypass grafting. Journal of Cardiothoracic 
and Vascular Anesthesia. 2005; 19(2): 217–9.
 

3. Kastaun S, Lie S-R, Yeniguen M, 
Schoenburg M, Gerriets T, Juenemann M. 
Pseudohallucinations After Cardiac Surgery. 
Journal of Cardiothoracic and Vascular 
Anesthesia. 2016; 30(2): 466–9. 

4. Ottens TH, Van Dijk D. Cerebral 
complications of heart surgery. In: Alston RP, 
Myles PS, Ranucci M, editors. 1st ed. Oxford: 
Oxford University Press. 

5. Association AP. Diagnostic and statistical 
manual of mental disorders. Arlington, VA: 
American Psychiatric Association; 2013. 

6. Horowitz MJ. A cognitive model of 
hallucinations. Am J Psychiatry. 1975; 132(8): 
789–95. 

7. Honig A, Romme MA, Ensink BJ, Escher 
SD, Pennings MH, deVries MW. Auditory 
hallucinations: a comparison between 
patients and nonpatients. J Nerv Ment Dis. 
1998; 186(10): 646–51. 

8. Eriksson M, Samuelsson E, Gustafson Y, 
Aberg T, Engström KG. Delirium after 
coronary bypass surgery evaluated by the 
organic brain syndrome protocol. Scand 
Cardiovasc J 2002;36(4): 250–5. 

9. Ely EW, Margolin R, Francis J, May L, 
Truman B, Dittus R, et al. Evaluation of 
delirium in critically ill patients: validation 
of the Confusion Assessment Method for 
the Intensive Care Unit (CAM-ICU). Critical 
Care Medicine 2001; 29(7): 1370

10. Devlin JW, Fong JJ, Schumaker G, O’Connor 
H, Ruthazer R, Garpestad E. Use of a 
validated delirium assessment tool improves 
the ability of physicians to identify delirium 
in medical intensive care unit patients. 
Critical Care Medicine. 2007; 35(12): 2721–4.

11. Sessler CN, Gosnell MS, Grap MJ, Brophy 
GM, O’Neal PV, Keane KA, et al. The 
Richmond Agitation–Sedation Scale. 
American Journal of Respiratory and Critical 
Care Medicine 2002; 166(10): 1338–44. 

12. Schuurmans MJ, Shortridge-Baggett LM, 
Duursma SA. The Delirium Observation 
Screening Scale: a screening instrument for 
delirium. Res Theory Nurs Pract 2003; 17(1): 
31–50.
 

13. Fuller V. Delirium recall - an integrative 
review. J Clin Nurs 2016; 25: 1515–27. 

14. Gosselt AN, Slooter AJ, Boere PR, Zaal IJ. 
Risk factors for delirium after on-pump 
cardiac surgery: a systematic review. Crit 
Care 2015; 19(1): 346. 

15. Maldonado JR, Wysong A, van der 
Starre PJA, Block T, Miller C, Reitz BA. 
Dexmedetomidine and the reduction of 
postoperative delirium after cardiac surgery. 
Psychosomatics 2009; 50(3): 206–17. 

16. Katznelson R, Djaiani G, Tait G, Wasowicz 
M, Sutherland AM, Styra R, et al. Hospital 
administrative database underestimates 
delirium rate after cardiac surgery. Can J 
Anaesth 2010; 57(10): 898–902. 

17. Dieleman JM, Nierich AP, Rosseel PM, van 
der Maaten JM, Hofl and J, Diephuis JC, et 
al. Intraoperative high-dose dexamethasone 
for cardiac surgery: a randomized controlled 
trial. JAMA 2012; 308(17): 1761–7. 

18. Sauër AC, Slooter AJ, Veldhuijzen DS, 
van Eijk MM, Devlin JW, Van Dijk D. 
Intraoperative Dexamethasone and Delirium 
After Cardiac Surgery. Anesth Analg 2014; 
119(5): 1046–52. 

Chapter 7

132



Chapter 7 Hallucinations after cardiac surgery

133

7



CHAPTER 8

“It is always wise to look ahead, 
but difficult to look further than you can see”

Winston Churchill



General Discussion



Discussion
A wide range of cerebral complications can be observed after cardiac surgery. Cerebral 
complications can result in serious and permanent disability, but their consequences 
may also be temporary and more subtle, as is the case with postoperative cognitive 
dysfunction (POCD), delirium and hallucinations.1 The latter is a relatively unknown 
complication of cardiac surgery. The study on postoperative hallucinations after 
cardiac surgery that is presented in this thesis is the fi rst detailed description of this 
frequently occurring phenomenon. 

Progress in the fi eld of POCD research 
The majority of the work in this thesis concerns postoperative cognitive dysfunction 
(POCD). Patients who develop POCD have a poorer quality of life, consume more 
healthcare resources and have an increased risk of mortality.2,3 Although many 
theories have been investigated over the past decades, its etiology and pathogenesis 
remain unclear.4 Although certain risk factors for POCD can be modifi ed, the 
eff ectiveness of most interventions has not been evaluated in randomized trials.5 
This thesis addresses the role of systemic infl ammation, induced by surgery and 
cardiopulmonary bypass, in the etiology of POCD. The result of our randomized 
clinical trial on the eff ect of steroids to suppress the systemic infl ammatory response 
concluded that this intervention does not protect against POCD. The work in 
this thesis also describes how high dose corticosteroids induce clinically relevant 
hyperglycemia. In disease states that metabolically challenge the brain, e.g. ischemic 
stroke, major trauma and sepsis, hyperglycemia has been shown to induce secondary 
brain tissue injury by inducing anaerobic metabolism, lactic acidosis and free radical 
production.6 This could also explain the lack of benefi t - or potential harm - of high 
dose corticosteroids on the brain that has been made vulnerable by the eff ects of 
cardiac surgery and cardiopulmonary bypass.7

Although urgently needed, there is a paucity of clinical trials that evaluate 
specifi c interventions to prevent or treat POCD. This is mostly due to the many 
methodological challenges of measuring this highly complex outcome. In this 
chapter, I will discuss some of these challenges in more detail and address potential 
strategies to address them.
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POCD research: methodological challenges

In 1995, it was noted by a group of researchers that more consistent methodology 
was required for POCD research in cardiac surgery patients. Murkin et al. published 
a set of recommendations, which included a core battery of neuropsychological 
tests. They also recommended that a baseline evaluation should be performed and 
that study designs should include a control or comparison group. The authors of 
the statement also recognized that neuropsychological test performance was likely 
to be infl uenced by many transient factors in the early phase after cardiac surgery. 
They therefore recommended that at least one of the neuropsychological follow-
up sessions should be carried out when most of the acute infl uences of surgery, 
anesthesia and postoperative care would have subsided, typically at least 3 months 
after surgery.8

However useful these recommendations may seem, important methodological 
problems of POCD research have not been addressed, and, in my opinion, still 
hamper the progress of research in this fi eld. In the paragraphs below, I will discuss 
the most important remaining challenges of POCD research methodology.

Test battery design
The design of cognitive test batteries for clinical outcome research purposes requires 
understanding of the specifi c types of bias that can be introduced by the battery 
design itself.  

Each cognitive test generates a number of results, so-called cognitive test 
parameters. The number of cognitive test parameters included in the calculation of 
the outcome has a strong infl uence on the sensitivity of the test battery. It is therefore 
important to decide which cognitive test parameters will be included in the analysis 
of the data.9 This is particularly important when designing a study based on a 
computerized test battery because these are able to capture and store a multitude of 
test parameters for each neuropsychological test. Our experience from the studies 
presented in this thesis, as well as from studies that are currently being carried out 
by our research group, is that decisions about which test parameters to record, store, 
report and fi nally use in calculations may greatly infl uence the result of the study. 
In the study on the eff ect of corticosteroids on POCD presented in this thesis, a 
method of calculation of the outcome that was in line with landmark studies such as 
ISPOCD,10 was applied to improve comparability. The data of this study, as well as 
earlier studies,11 show that the incidence of POCD in this type of study can be easily 
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manipulated by changing the variables used in the analysis, cut-off  values and other 
components of the defi nition of cognitive decline.  

Mathematical methods
Data from control groups can be used to estimate the average learning eff ect of 
participants who repeatedly undergo a particular neuropsychological test battery, 
and of their natural variability in test performance. Mathematical methods are then 
applied to remove the learning eff ect and natural variability from the results of the 
experimental group. However, this approach, usually referred to as the Reliable 
Change Index method, has some important trade-off s and considerations of its own, 
which are described in more detail below.12 Multiple variants of the Reliable Change 
Index method are being used by diff erent researchers and each of the methods will 
produce diff erent results.13

Control groups
The use of a control group is necessary with most methodological approaches, 
and also recommended by the authors of the 1995 consensus statement. However,  
considering the mathematical formulas discussed above, the specifi c characteristics 
of participants in the control group strongly infl uence the fi nal results in the 
experimental group. Important questions that have not been answered thus far 
are: how large should the control group be? What type of participants needs to be 
recruited? Should the control subjects be healthy or have some baseline pathology 
that is comparable to the pathology in the experimental group? Is matching of 
controls helpful? And based on which factors? These methodological questions are 
the subject of studies currently being carried out as part of the BioCog study, an 
international project funded by an FP-7 grant of the European Union (PROSPERO 
registry number CRD42016039293).  

The following recommendations for the recruitment of the control group are 
based on previous literature, the fi ndings from the study on brain volume and 
cognitive function in patients with coronary artery disease and the experience from 
the clinical trial on corticosteroids and POCD presented in this thesis. 

Control groups should be
1. Suffi  ciently large. This, because the variance in change between the baseline 

and follow-up scores of the cognitive tests is used to correct for natural variability 
and learning eff ects in the experimental group. A control group that is too small will 
not produce a good estimate of the population and may result in greater standard 
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deviations of the change scores. With the mathematical models used to calculate 
whether a patient’s test performance is consistent with relevant decline, overestimation 
of normal variation due to a too small control group leads to underestimation of the 
incidence of POCD in the experimental group. Metaphorically, the control group 
is like a cheese slicer. It can help to reduce noise (natural variability and learning 
eff ects) in the data of the experimental group. If the variability in the control group is 
too large, for example due to insuffi  cient sample size, this may reduce the dimension 
of the data in the experimental group too much. In 1998, Crawford et al described 
statistical methods that can be used if the recruitment of a large control group (>10, 
ideally > 50 participants) is not possible.14

2. Comparable to the experimental group in terms of age, level of education, and 
baseline disease. Each of these factors has been consistently shown to aff ect cognitive 
test performance. For example, if the baseline learning capacity of control subjects is 
better than that of the patients, this could lead to overestimation of the incidence of 
POCD. With our current experience and the available literature, we cannot make a 
recommendation about matching in control groups, although this question may be 
worth exploring in future research.

Computerized neuropsychological testing
In 1995, most neuropsychological test batteries consisted exclusively of “offl  ine” 
tasks, often referred to as paper-and-pencil tests. In the randomized trial on 
corticosteroids and POCD described in this thesis, only paper-and-pencil tests were 
applied. From the experience that our group had with designing computerized 
tests, we decided they would not generate a result that could be compared easily 
to other important studies in the fi eld, such as the ISPOCD-studies.15 Also, digital 
solutions available at the time did not incorporate validated digital versions of the 
tests described in the consensus statement. This approach no longer seems up to 
date: the use of paper-and-pencil test batteries is expensive and time consuming and 
requires that patients come to the hospital (or the other way around) for the tests. For 
the aforementioned clinical trial described in this thesis, an immense eff ort had to be 
made to prevent loss-to-follow up that would have resulted from patients who were 
reluctant to come to the hospital twice in the fi rst year after surgery. 

The introduction of computerized tests could prevent loss-to-follow up, but may 
alternatively introduce selection bias because of problems with computer skills in 
the elderly population. Fortunately, the number of elderly people who frequently 
use their computer and have access to broadband Internet is increasing rapidly. In 
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the Netherlands in 2013, 57% of people aged 65 to 75 used online banking, compared 
to only 16% in 2005. Other digital applications, such as social media, online shopping 
and video calling (such as Skype and FaceTime) have seen a similar surge in use 
among the elderly.16 It seems that the barriers for the use of computerized testing, 
online, from the patients’ home, without the direct presence of a researcher seem 
to be rapidly on the decrease. Digital cognitive testing could be a solution to create 
larger patient cohorts with more follow-up moments, at a lower cost and eff ort for 
both researcher and participant. It may also lower the barrier for patients to decide 
to participate and prevent loss-to -follow up caused by patients’ reluctance to pay 
extra hospital visits in order to undergo testing. Another benefi t is the automated 
storage of the cognitive test parameters, which could potentially reduce error that 
can be introduced when human investigators write down and calculate the test 
result and subsequently enter them into a digital database. 

An important trade-off  of assessing cognitive function outside of the 
neuropsychologists’ offi  ce is the limited control over the test environment. At home, 
distractions and test interruptions may occur which could infl uence the results. 

The introduction of new methods of neuropsychological testing for POCD 
challenges researchers in this fi eld to fi nd the international consensus that will 
ensure the comparability of study results.

Participant selection and pre-existing cognitive impairments
The study on brain volume and cognitive function in patients with coronary artery 
disease described in this thesis suggest that these patients have poorer cognitive 
function compared to controls. Other studies have found the same for cardiovascular 
diseases in general.17,18 Patients’ preoperative cognitive function, either measured 
with a cognitive test battery19 or derived from information about patients’ level of 
education, has been consistently shown to be inversely related to the risk of POCD.20 
This is commonly referred to as “cognitive reserve”. However, many studies on the 
cognitive outcome of surgery have excluded patients with pre-existing cognitive 
impairments. This practice may be valid when patients’ cognitive test results have 
to be compared to population norms, but can lead to an underestimation of the 
actual incidence of POCD in patients with cardiovascular diseases. The exclusion 
of patients with preoperative cognitive impairments is not necessary in study 
designs that incorporate a carefully selected and well comparable control group. 
The use of the Reliable Change Index method of determining change over time in 
neuropsychological tests is also an essential factor here.  
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Timing of test administration
Although the 1995 consensus statement recommends that at least one postoperative 
test session should be carried out after at least three months, it does not give 
recommendations for earlier or later testing. Given the cognitive eff ects that may 
be expected to result from typical early postoperative clinical conditions such as 
pain, fever (from infection or infl ammation), anxiety and medication use (such as 
benzodiazepines, opioids and anticholinergic drugs), it seems logical that very early 
testing results in high incidences of POCD that may not be relevant to the patient’s 
daily functioning after discharge from the hospital. When patients are followed 
up for a very long time, for example after one year as in the randomized trial on 
corticosteroids and POCD as described in this thesis, or even for fi ve21,22 or seven 
years,23 populations of elderly patients will also be aff ected by the cognitive decline 
of “normal aging”, as well as other incident diseases, such as Alzheimer’s disease. 
In a recent extensive literature review, the ‘cognitive trajectory’ principle was 
highlighted. The authors raise awareness of the individual diff erences in cognitive 
trajectories throughout their lifespan, and that estimation of cognitive follow-up 
should ideally take a patients’ expected normal cognitive trajectory into account. 
This indicates that more than one baseline test is required, in order to be able to 
estimate the patients’ own cognitive trajectory. Also, postoperative testing would 
have to be carried out more than once, to determine the stability of the postoperative 
cognitive change, bearing in mind that – in particular in cardiac surgery - surgery 
may also improve patients’ cognitive functioning.4

Ideally, test batteries should:
1. Consist of suffi  cient tests to test all of the relevant cognitive domains aff ected 

by POCD
2. Have minimal learning eff ects and have multiple parallel versions to allow for 

repeated follow-up testing
3. Have minimal ceiling- or fl oor eff ects
4. Have minimal natural variability with repeated administration over time
5. Be relatively short and suffi  ciently interesting to reduce the infl uence of fatigue 

or boredom. Tests that cause considerable frustration in participants can make 
them more reluctant to return for follow-up testing.

6. Be available through a digital platform that’s easy to use for elderly participants, 
both in a test center where the participant can be assisted by a professional, as 
well as from the patients’ home via the Internet. 

7. Produce cognitive test parameters that are easy to interpret (such as time, 
numbers of errors) and have a known relation to actual cognitive functioning
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Nomenclature  
In the medical literature, changes in cognitive function after surgery and anesthesia 
are described using diff erent terminology. In 1955, Bedford simply mentions 
“postoperative confusion” and “dementia”.24 The terms “postoperative cognitive 
decline” and “postoperative cognitive dysfunction” appeared for the fi rst time in 
literature from the 1980s.25 As an “objective” research diagnosis, POCD has, until 
now, not been adopted as a diagnosis with specifi c criteria in the Diagnostic and 
Statistical Manual of Mental Disorders (DSM). It is conceivable that inconsistent 
nomenclature and a lack of widely accepted diagnostic criteria have not only 
hindered research into the condition but have also hindered the development of 
potential treatments and social support for patients who suff er from POCD. An 
eff ort is currently being made by an international collaborating group of researchers 
from the POCD-fi eld. The aim is to align nomenclature and diagnostic criteria for 
POCD with existing clinical diagnoses. As POCD is clinically indistinguishable from 
other neurocognitive disorders, the group will propose that the syndrome, currently 
referred to as POCD, be included in the DSM as a subclass of major and minor 
neurocognitive disorder. Further developments include a proposed restriction of the 
diagnosis to a specifi c timeframe, stating that postoperative neurocognitive disorder 
can only be diagnosed between one and twelve months after surgery.

Conclusion
The etiology and clinical consequences of POCD and neuropsychiatric outcomes are 
still not entirely understood. High dose steroids do not reduce the risk of POCD after 
cardiac surgery and may even be harmful, possibly due to the hyperglycemic eff ects 
of these agents. Our ability to answer research questions on the etiology and potential 
therapeutic interventions for POCD is limited by methodological problems. The use 
of computerized neuropsychological testing, appropriate mathematical methods, 
appropriate selection of control group participants and alignment of nomenclature 
and diagnostic criteria would vastly improve the reliability and comparability of 
future studies. 
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CHAPTER 9

“Om iets te zien 
moet je eerst iets kunnen herkennen.
Zonder herinnering 
kun je alleen maar kijken.
Dan glijdt de wereld 
spoorloos door je heen”

Bernlef
Uit “Hersenschimmen”



Cerebrale complicaties van hartchirurgie
Samenvatting in het Nederlands



Cerebrale complicaties van hartchirurgie
Inleiding
Hart- en vaatziekten zijn wereldwijd de belangrijkste doodsoorzaak. Een belangrijk 
deel van deze groep patiënten heeft op enig moment een hartoperatie nodig zijn 
om de klachten te bestrijden of de voortgang van de ziekte af te remmen. Hoewel 
patiënten vaak baat hebben bij een dergelijke operatie, kunnen hartoperaties 
negatieve gevolgen hebben voor de werking van de hersenen. Deze cerebrale 
complicaties kunnen zich reeds heel kort na de operatie voordoen en soms ernstige 
gevolgen hebben, zoals het cerebrovasculair accident (CVA), waarbij blijvende 
schade kan ontstaan door afsluiting van een bloedvat in de hersenen. Ook delirium, 
een acuut optredende verwardheid met verstoring van het bewustzijn doet kan 
zich voordoen in de eerste dagen na de operatie. De vaakst voorkomende cerebrale 
complicatie is postoperatieve cognitieve dysfunctie (POCD) op, een subtielere 
en vaak voorbijgaande verstoring van de hersenfunctie. Cerebrale complicaties 
vertragen het herstel, verminderen de kwaliteit van leven na de operatie en leiden 
tot hogere zorguitgaven. 

Inhoud van dit proefschrift
In dit proefschrift worden de verschillende cerebrale complicaties van hartchirurgie 
beschreven in hoofdstuk 2. Hoofdstuk 3 beschrijft een studie  waarin het optreden 
hersenoedeem na hartoperaties werd bestudeerd met behulp van magnetische 
resonantie (MRI). In hoofdstuk 4 wordt de relatie tussen hersenvolume, cognitieve 
functie en aandoeningen van de kransslagaderen beschreven. Hoofdstuk 5 
beschrijft een studie naar het eff ect van hoge doses dexamethason op het optreden 
van postoperatieve cognitieve dysfunctie. In hoofdstuk 6 worden de eff ecten van 
dexamethason op de glucosehuishouding nader belicht. Hoofdstuk 7 geeft een eerste 
detailleerde beschrijving van het vóórkomen en de kenmerken van hallucinaties, 
welke frequent optreden bij patiënten die een hartoperatie hebben ondergaan.  

Postoperatieve cognitieve dysfunctie (POCD)
De studies in dit proefschrift hebben vooral betrekking op postoperatieve cognitieve 
dysfunctie (POCD). Patiënten met POCD hebben onder andere last van verminderde 
aandacht en concentratie en kunnen geheugenproblemen hebben. Het is bekend dat 
patiënten met een hogere leeftijd of die een langere operatie ondergaan meer risico 
op POCD hebben. Hoger opgeleiden hebben juist minder risico. Hoewel er veel 
onderzoek is gedaan naar POCD na hartoperaties is er nog veel onduidelijkheid 
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over de oorzaken. De theorie dat micro-embolieën, bestaande uit kleine deeltjes 
vet, kalk of gasbelletjes die de zuurstoftoevoer aan de hersencellen verstoren, werd 
door gerandomiseerde onderzoeken naar operatietechnieken die minder micro-
embolieën veroorzaken niet bevestigd. Een andere mogelijke oorzaak is systemische 
infl ammatie, de reactie van het afweersysteem op de weefselschade van de operatie 
en blootstelling aan de hartlongmachine. Deze reactie heeft als doel heeft het 
lichaam te herstellen van de schade. Echter, zij kan zelf ook zelf schade veroorzaken. 
Bij hartoperatiepatiënten is de werking van de bloed-hersenbarrière verminderd, 
waardoor ontstekingsstoff en de hersenen kunnen bereiken en ontregelen. 
Infl ammatie verhoogt ook de bloedglucosespiegel en de lichaamstemperatuur. 
Mogelijk is dit schadelijk is voor het brein van patiënten wiens hersenen kwetsbaar 
zijn door gevolgen van de hartoperatie. 

Het eff ect van steroïden
De studies die worden beschreven in dit proefschrift tonen aan dat de rol van 
infl ammatie bij het ontstaan van verminderde cognitieve functie (postoperatieve 
cognitieve dysfunctie, POCD) na hartoperaties zeer complex is. Onderdrukking van 
de systemische infl ammatoire reactie met behulp van het ontstekingsremmende 
medicijn dexamethason leidde niet tot een verminderd optreden van POCD.  
Mogelijk treed POCD juist vaker op wanneer dexamethason wordt toegediend 
tijdens een hartoperatie. Toediening van dexamethason tijdens een hartoperatie 
heeft een belangrijk eff ect op de glucose- en lactaathuishouding. De verhoging van 
de glucosespiegel kan mogelijke verklaren waarom dexamethason niet beschermt 
tegen POCD.  

Onderzoeksmethodiek
Onderzoek naar oorzaken van POCD, alsook naar mogelijke preventieve 
of therapeutische maatregelen, worden gehinderd door problemen in de 
onderzoeksmethodiek. Voor het vaststellen van POCD is het nodig om de patiënt 
meerdere keren neuropsychologisch te onderzoeken. Het bepalen of verschillen 
in testscores van patiënten werkelijke achteruitgang van de cognitieve functie 
weerspiegelen, of slechts een uiting zijn van andere factoren, is de timing van 
het onderzoek, de gebruikte tests en de inclusie van een geschikte controlegroep 
van groot belang. Er zijn echter geen internationaal geaccepteerde standaarden 
waaraan dergelijk onderzoek dient te voldoen en er worden verschillende 
berekeningsmethoden toegepast. Hierdoor is het moeilijk om onderzoeksresultaten 
van verschillende studies te vergelijken. Bovendien is dergelijk onderzoek kostbaar 
en tijdrovend. Mogelijke oplossingen voor deze methodologische problemen 
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zijn de bredere toepassing van digitale cognitieve tests, die door patiënten thuis 
kunnen worden uitgevoerd. Omdat ouderen in toenemende mate gebruik maken 
van computers en het Internet zou het digitaal cognitief testen van patiënten 
mogelijkheden bieden om met minder inspanningen en kosten grotere groepen 
patiënten te onderzoeken. Het kiezen van de juiste combinatie van tests en 
berekeningsmethoden is hierbij van belang. Ook is de samenstelling en grootte van 
de controlegroep belangrijk, omdat in onderzoeken naar POCD de bevindingen in 
de controlegroep de norm bepalen voor de metingen in de patiëntengroepen. 

Conclusie
Na hartoperaties kunnen zich verschillende cerebrale complicaties voordoen. Met 
name over de oorzaken van cognitieve complicaties zoals POCD bestaat nog veel 
onduidelijkheid. Hoge doseringen dexamethason beschermen niet tegen POCD 
en zijn mogelijk zelfs schadelijk voor de cognitieve functie. De verstoring van de 
glucosehuishouding zou een mogelijke verklaring voor deze bevinding kunnen zijn. 
Het beantwoorden van de complexe vraagstukken rondom POCD wordt gehinderd 
door methodologische problemen. Mogelijk kan digitaal cognitief testen toekomstig 
onderzoek naar POCD bevorderen. Een correcte timing van neuropsychologische 
tests en het gebruik van de juiste controlegroepen en berekeningsmethoden is van 
groot belang voor betrouwbaar onderzoek naar POCD. 
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CHAPTER 10

“And as to me, I know nothing else but miracles”

Whalt Whitman

from “Leaves of Grass”



Dankwoord



In de afgelopen zes jaar heb ik de mogelijkheid gekregen om bij te dragen aan 
onderzoek dat als hoofddoel heeft om hartoperaties veiliger en beter te maken. 
Gaandeweg heb ik inspirerende mensen ontmoet en met briljante collega’s mogen 
werken, zowel uit Utrecht als ook uit vele andere plaatsen. Het combineren van de 
specialistenopleiding tot anesthesioloog en het promotietraject was uitdagend. Het 
heeft me de waarde getoond van een fl exibele werkomgeving en een nog fl exibelere 
thuisbasis. Ik ben gezegend met geweldige begeleiders en de voortdurende steun 
van mijn vrienden en familie. Ik kan werkelijk zeggen dat ik op de schouders van 
reuzen heb gestaan. Ik ben jullie allemaal veel dank verschuldigd. Sommigen zal ik 
hieronder persoonlijk noemen. 

Geachte professor Kalkman, beste Cor: bedankt voor de inspirerende jaren, 
waarin je me vooral leerde om de juiste vragen te stellen. We hebben het voor elkaar 
gekregen om met meer vragen te eindigen dan waarmee we begonnen, en dat is 
toch een hele verdienste. Ik heb je leren kennen als iemand met een aanstekelijk 
enthousiasme en optimisme en een open mind vol ideeën. Ik denk ook met veel 
plezier terug aan de schaarse dagen dat we gezamenlijk op OK hebben gewerkt, 
hopelijk komen er daar nog een paar van in de toekomst. Bedankt dat je je kennis, 
ervaring en goede humeur met mij wilde delen om zo mijn promotietraject tot een 
goed einde te brengen. 

Geachte professor van Dijk, beste Diederik: ik ontmoette je voor het eerst in mijn 
eerste studiejaar geneeskunde tijdens een meeloopweek op de intensive care van 
het AMC, waar jij toen fellow was. Een paar jaar laten kruisten onze paden opnieuw, 
deze keer voor mijn promotieonderzoek. Dankzij je karakteristieke droge humor, 
opbouwende kritiek en geduld kwamen de meeste van onze plannen heel goed 
terecht. Naast de dagelijkse begeleiding van mijn onderzoekswerk hielp je me ook 
een internationaal netwerk op te bouwen. Dankzij jouw kon ik samenwerken met 
onderzoekers in Australië, de USA en Duitsland en heb ik voordrachten kunnen 
houden in Polen, Spanje, Zweden en niet te vergeten Hawaii. Ik had me geen beter 
promotietraject voor kunnen stellen! Ontzettend bedankt voor alles.  

Geachte professor Slooter, beste Arjen: gaandeweg mijn promotietraject kwam 
jij op mijn pad. Je hebt me ingewijd in de wereld van delirium en we begaven ons 
op nieuw terrein met de hallucinatiestudie. Vooral ook door onze avonturen in de 
BioCog-studie heb ik je heel benaderbare en laagdrempelige stijl van leiding geven 
enorm leren waarderen. Bovendien heb ik genoten van onze gezamenlijke diensten 
op de intensive care, veel van je geleerd en met je gelachen. Van harte bedankt.
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Stefan Dieleman, mate, ik mocht voortbouwen op de DECS-trial, jouw 
levenswerk. Met je integriteit en onvermoeibaar arbeidsethos was je een geweldig 
voorbeeld. Bedankt voor al je hulp. 

Maarten Nijsten, het was heel leuk om af en toe te gast te mogen zijn in het 
UMCG. Het heeft heel wat koekjes en autokilometers gekost, maar het resultaat mag 
er zijn. Bedankt voor de leuke samenwerking.

Frank Grüne, met jou deed ik mijn allereerste onderzoek op de Chirurgische 
Dagbehandeling van het Erasmus MC. Het is al een hele tijd geleden, maar ik maak 
nog steeds gebruik van de dingen die je me toen hebt geleerd. Bedankt voor die heel 
leuke en leerzame tijd.

Beste Sandra Numan en het hele team van het Trialbureau: wat zou ik 
gedaan hebben zonder jullie. Geen patiëntinclusie of envelop was jullie teveel. 
En Karin, onze avontuurlijke trips naar de MRI-scanner waren wat mij betreft 
onvergetelijk! Ook de collega’s van de trialbureaus van de Isala Klinieken en de 
onderzoeksverpleegkundigen in het Erasmus MC en de dames van het planbureau 
van de cardiothoracale chirurgie, hartelijk bedankt.

Beste collega-promovendi: Teus Kappen, Vesna Svirsevic, Jilles Bijker, Suleyman 
Bilecen, Esther Wesselink, Anne-Mette Sauër, Suzanne Flier, Mienke Rijsdijk, Leon 
Montenij, Geert Oldenbeuving, Annemarie Akkermans, Nienke Wisman, Annelot 
Krediet, Esther Wesselink, Judith van Waes, Maurice ”Marcel” Pauw en Kim van 
Loon en natuurlijk de dames van de BioCog: Ilse Kant en Simone van Montfoort: 
de afgelopen 6,5 jaar waren dankzij jullie enorm leuk en collegiaal. Ook alle andere 
promovendi van de Divisie Vitale Functies (de “buren”) hartelijk dank voor de goeie 
tijd. Koffi  e, kritiek, inspiratie, lunch, ondersteuning en vooral broodnodige afl eiding 
van ons belangrijke werk, het is me zeer dierbaar, dank jullie wel en veel succes met 
jullie eigen carrière. 

Beste Esther, Merel, Jocelyn en Charlotte en Aniek, urenlang hebben jullie 
dezelfde tests met onze patiënten uitgevoerd en jullie reisden voor de follow-up 
door het hele land. Ik vrees dat jullie, net als ik, de 15 woorden van de RAVL-test 
nooit meer kunnen vergeten.  Ik ben jullie ontzettend dankbaar en wens jullie een 
prachtige carrière in de neuropsychologie. 
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Beste artsen en verpleegkundigen van de afdelingen cardiologie, cardiothoracale 
chirurgie, neurologie, psychiatrie, klinische chemie en radiologie, veel dank voor 
de fi jne samenwerking. In het bijzonder veel dank aan Dr. Maarten ten Berg, Dr. 
Maarten Jan Cramer, Dr. Hendrik Nathoe, Prof. Geert Jan Biessels, Prof. Jeroen 
Hendrikse en Prof. Iris Sommer. 

Liebe Forschungsfreunden in Berlin, danke für die schöne Zusammenarbeit, ich 
hoff e dass wir gemeinsam noch vieles erreichen werden! Danke Antje Kraft daβ du 
Mitglied meiner Beurteilungskommission bist. Danke Friedrich Borchers für die 
guten Gespräche und schöne Freundschaft. Danke Björn für deine Gastfreundschaft 
und schöne Zeiten in Berlin. 

Promoveren tijdens een specialistenopleiding vereist veel fl exibiliteit en 
commitment van een afdeling. Ik heb het slagen van deze promotie dan ook 
goeddeels te danken aan mijn opleiders, dr. Reinier Hoff , dr. Pim Hennis en professor 
Knape. Bedankt voor jullie steun en goede raad.  Marcella Brun en Eline de Graaff , 
bedankt voor al jullie werk achter de schermen. Pieter Doesburg, bedankt voor je 
goede zorgen als staf-mentor.

Lieve paranimfen, Bram Valkenburg en Tanja Oostergo, bedankt voor jullie 
mooie vriendschap al die jaren. Dat jullie naast mij willen staan bij mijn verdediging 
is voor mij van onschatbare waarde. Lieve Bram, nu we dan eindelijk allebei 
gepromoveerd zijn hoop ik dat we weer vaker naar Lantaren-Venster kunnen voor 
een mooie arthouse fi lm met Gin & Tonic achteraf. Jouw promotietraject was op 
vele vlakken een grote inspiratie voor mij.  Bedankt dat je me steeds achter de 
vodden hebt gezeten bij mijn eigen promotie! Lieve Tanja, het is geweldig om jou als 
vriendin te hebben. Je relativeert en luistert als geen ander. De rest verbleekt bij jouw 
ambitie en doorzettingsvermogen. Laten we de komende tijd weer vaker wijntjes 
drinken, James Bond-avondjes doen of gaan skiën! Bedankt dat je op mijn mentale 
gezondheid lette en dat je me af en toe overhaalde voor een uurtje ontspannen op 
de mat. 

Lieve vrienden en familie: de meesten van jullie zie ik niet vaak genoeg. Maar de 
afgelopen jaren heb ik altijd intens genoten van de leuke momenten die ik met jullie 
heb doorgebracht. Dankzij jullie had ik energie om door te gaan, daarvoor hartelijk 
bedankt.
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Mijn zussen en zwagers: Arjanneke en Peter, Carin en Daniel en Renate, jullie zijn 
altijd een luisterend oor, belangstellend en vol opbeurende woorden. Niet pas sinds 
dit promotietraject, maar als rode draad door mijn bestaan. Voor onze mooie band 
en jullie steun ben ik heel dankbaar. 

Liebe Harald und Heidemarie, herzlichen dank dafür, dass ich immer mit eure 
Unterstützung, Gedanken und Gebeten rechnen konnte. Es ist wirklich schön, ein 
Teil eure Familie sein zu dürfen. 

Liebe Ilona, deine Kunst ist auf dem Umschlag. Ich habe mir das von Anfang 
an gewünscht.  Du hast dir dabei sehr viel Mühe gegeben, und es ist wunderschön 
geworden! Du bist einfach klasse, ein großes Dankschön für deine Hilfe. In eurem 
Haus im Oberbergischen wurde der Grundstein für dieses Buch gelegt. Danke liebe 
Ursula für die produktivitätssteigernden Entspannungsmomente. 

Lieve pa en ma, hoe kan ik jullie bedanken met woorden? Jullie zijn mijn 
voorbeeld, mijn steun en mijn schouder als dingen moeilijk zijn. Pa, je leerde mij 
relativeren en rustig door te blijven gaan, recht op het doel af. Ik kijk naar je op en 
leer nog steeds nieuwe dingen van je. Ma, je leerde mij om niet zomaar op te geven 
en kansen te pakken als ze voorbij komen. Je bent er altijd voor me. Bedankt voor al 
jullie wijze lessen en onvoorwaardelijke steun. Ik houd van jullie.

 
Liefste Markus, jij kent me, waardeert me en begrijpt me als geen ander. Bij jou 

kom ik thuis en ben ik wie ik wil zijn. Je bent mijn mentopagus en de betere helft van 
mij. Bedankt dat je al zo lang mijn vriend wilt zijn. Tijdens mijn promotietraject en 
in het bijzonder in het laatste half jaar heb jij nog eens extra bewezen hoe geduldig, 
optimistisch en fl exibel je bent. Ik heb veel gevraagd van je uithoudingsvermogen. 
Nu is het gelukt, the dreamteam did it again. Tijd voor een volgend hoofdstuk in ons 
gezamenlijke avontuur! Ik houd van je.
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CHAPTER 11

“I may not have gone 
where I intended to go
but I think I have ended up 
where I needed to be”

Douglas Adams

from “A Hitchhikers Guide to the Galaxy”
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