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A major part of delirium research in elderly patients has been in heterogeneous populations. 
Patients develop delirium in the presence of an underlying medical condition which is the 
reason for hospital admission, which hinders baseline assessment of predisposing factors. 
In contrast, the research in this thesis was done in a homogeneous group with baseline 
data available, as well as longitudinal and follow-up data on several factors.
 The general aim of this thesis was threefold. We wanted to increase our knowledge 
on several aspects of delirium: predisposing and precipitating factors, phenomenology 
and symptoms throughout the delirium episode, and conclude with the (long-term) 
outcomes of delirium.

PArT 1: AneSTheSIA And InflAmmATory mArKerS for delIrIum
Delirium is most often considered a multifactorial syndrome, an interrelationship between 
predisposing and precipitating factors.1 Cognitive impairment and advanced age are well 
known predisposing risk factors for delirium.2 Presence of precipitating factors, such as 
(bladder) infections, severe illness or surgery, increase the risk of development of delirium. 
Anesthetic technique has been suggested as precipitating factor because the physiologic 
effects on cerebral blood flow, metabolism and oxygen delivery might between 
regional and general anesthesia, with the latter having more chance on development 
of postoperative delirium. It has also been suggested that merely the surgical procedure 
itself, such as hip surgery, is a precipitating factor of delirium. A surgical procedure elicits 
an inflammatory response, which can induce delirium, especially in susceptible patients.3,4

 In Chapter 2 we examined the effects of general anesthesia on the risk of incident 
postoperative delirium. Patients were 70 years or older and admitted for hip surgery. 
Predefined risk factors for delirium were assessed prior to surgery. A total of 60/526 
patients (11.4%) had incident postoperative delirium, 337/526 (64.1%) received general 
anesthesia and 189/526 (35.9%) regional anesthesia. 18/189 (9.5%) general anesthesia 
patients developed postoperative delirium, vs. 42/337 (12.5%) regional anesthesia 
patients. General anesthesia had no distinct effect on incident postoperative delirium in 
geriatric hip-surgery patients compared to regional anesthesia. We controlled for baseline 
cognitive impairment, age, acute admission, gender, visual impairment, physical status 
and dehydration. Delirium was not independently associated with specific drugs nor the 
medication classes opioids, benzodiazepines and anticholinergics. Chapter 3 examined 
the time course of CRP levels over multiple days (baseline, postoperative day 1 through 
5) and the association between postoperative delirium and CRP. Also, the association 
between CRP levels and delirium severity, cognitive impairment, illness severity and 
delirium duration were investigated. Longitudinal analysis showed that postoperative 
delirium was associated with a higher CRP level. Analyzing separate days showed that 
CRP levels were increased after surgery and that they were higher from postoperative 
day 2 and onwards in patients with delirium compared to patients who did not develop 
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postoperative delirium. Delirium severity was associated with CRP levels. No significant 
differences in CRP levels were found between the short and more prolonged delirium 
group, nor between the highest CRP level and pre-fracture cognitive decline or illness 
severity.

PArT 2: ClInICAl SymPTomAToloGy
The second part of the thesis concerned the clinical symptomatology of delirium and 
delirium duration. Special emphasis was on the relation between symptomatology of 
delirium and delirium duration and predisposing factors. Severity and symptom profile at 
the onset of delirium might be predictive of the duration of delirium. Delirium duration 
is suggested to be associated with mortality risk and long-term cognitive impairment.5-7 
Delirium has different phenotypes and diagnosis of delirium is based on the key features of 
delirium and exclusion of conditions that have great resemblance with delirium. Delirium 
is often accompanied by changes in motor activity, but the longitudinal expression of 
these features and etiological and prognostic significance of clinical subtypes defined by 
motor activity is unclear. 
 The fourth chapter focused on features that may allow early identification of 
patients at risk of prolonged delirium, and therefore of poorer outcomes. We determined 
if pre-operative delirium risk factors and delirium symptoms (at onset and clinical 
symptomatology during the course of delirium) were associated with delirium duration.
 In a case control study patients having short delirium (1 or 2 days) were compared 
with patients who had more prolonged delirium (≥3 days) on DRS-R-98 (Delirium 
Rating Scale Revised-98) symptoms on the first delirious day. Delirium symptom profile 
was evaluated daily during the delirium course. Only pre-existent cognitive decline, 
not severity of individual delirium symptoms at onset, was associated with prolonged 
delirium. 
 Chapter 5 compared baseline characteristics and outcomes according to longitudinal 
pattern of motor subtype expression (predominantly hyperactive, predominantly 
hypoactive, predominantly mixed, no motor subtype and variable). Motor subtype 
categorization was performed with the DRS-R98. We also investigated the longitudinal 
stability of motor subtypes across the delirium episode. The full course of the delirium 
episode could be defined for 42/62 (67.7%) patients who experienced in-hospital delirium 
postoperatively. Of the patients with multiple days of delirium only 4/30 (13.3%) patients 
had a consistent motor subtype profile throughout the delirium episode, while 26/30 
(86.7%) patients had a variable course. Of the patients with multiple days of delirium, 
5/30 (16.7%) were predominantly hypoactive in profile, 7/30 (23.3%) predominantly 
hyperactive, 6/30 (20%) predominantly mixed, 1/30 (3.3%) had no motor subtype and 
11/30 (36.7%) had a variable profile. The subtype categorization according to dominant 
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motor subtype across the delirium episode identified groups with similar characteristics 
and outcomes.
 In Chapter 6 we investigated the reliability and validity of the Delirium Motor 
Subtype Scale (DMSS) that was translated to Dutch. The DMSS was developed to 
capture all the previous different approaches to subtyping into one new instrument and 
emphasize disturbances of motor activity rather than associated psychomotor symptoms. 
Elderly patients who had undergone hip fracture surgery received the Dutch version of 
the DMSS and the Delirium Rating Scale revised 98. A diagnosis of delirium was defined 
according to the Confusion Assessment Method. The internal consistency of the DMSS 
was acceptable (Cronbach’s alpha=0.72). If an item was removed at random the internal 
consistency of the scale remained the same. Similarly the concurrent validity of DMSS was 
good (Cohen’s kappa=0.73) while for each motor subtype the Cohen’s kappa ranged from 
0.58 to 0.85. The sensitivity and specificity of DMSS to detect each subtype ranged from 
0.56 to 1 and from 0.88 to 0.98 respectively. These results suggests that the Dutch version 
of the Delirium Motor Subtype Scale is a reliable and valid instrument, that could allow for 
greater precision in further research on motor subtypes.

PArT 3: The ConSeQuenCeS of PoSToPerATIVe delIrIum: CoGnITIVe 
And AffeCTIVe funCTIonInG
The last section of this thesis focused on the consequences of delirium. Until recently 
it was assumed that when the underlying causal factor was eliminated and delirium 
resolved a successful recovery would follow. Although it is well documented that delirium 
is associated with negative long-term consequences such as impaired cognition and a 
high rate of institutionalization, less is known about the impact on specific domains of 
cognitive and affective functioning.8 It is suggested that delirium can contribute to poor 
cognitive and affective functioning, although not all research is consistent with this.9-13 
Differences in results might be because of different patient populations, type of surgery 
or methodology.
 In Chapter 7 we investigated the long-term neuropsychological sequelae of 
delirium. Delirium is a risk factor for long-term cognitive impairment and dementia. 
Yet, the nature of these cognitive deficits is unknown as is the extent to which the 
persistence of delirium symptoms and presence of depression at follow-up may account 
for the association between delirium and long-term cognitive impairment. Before surgery 
baseline characteristics, depressive symptomatology, and global cognitive performance 
were documented. Presence of delirium was assessed daily during hospital admission 
and 3 months after hospital discharge when patients underwent neuropsychological 
assessment. Elderly hip fracture patients with in-hospital delirium suffer from impairments 
in global cognition and episodic memory three months after hospital discharge, even 
after adjustment for age, gender, and baseline cognitive impairment. In contrast, no 
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differences were found on tests of attention. Our results suggest that inattention, as a 
cardinal sign of persistent delirium or depressive symptomatology at follow-up cannot 
fully account for the poor cognitive outcome associated with delirium.
 Chapter 8 investigated whether in-hospital delirium is associated with increased 
anxiety and depressive levels, and posttraumatic stress disorder symptoms three 
months after discharge. Patients who had experienced in-hospital delirium showed 
more depressive symptoms at follow-up after three months compared to the 30 patients 
without in-hospital delirium. This association persisted in a multivariate model controlling 
for age, baseline cognition, baseline depressive symptoms and living situation. The 
symptoms of depression in patients with previous in-hospital delirium could also not be 
fully explained by persistent (sub)syndromal delirium The level of anxiety and symptoms 
of post-traumatic stress disorder (PTSD) at follow-up did not differ between both groups.



148

Chapter 10

referenCeS

1. Inouye SK, Charpentier PA. Preciptating factors for delirium in hospitalized elderly persons. Predictive 
model and interrelationship with baseline vulnerability. JAMA 1996; 275(11): 852-857.

2. Dasgupta M, Dumbrell AC. Preoperative risk assessment for delirium after noncardiac  surgery. J Am 
Geriatr Soc 2006; 54;1578-1589.

3. Rudolph JL, Ramlawi B, Kuchel GA, McElhaney JE, Xie D, Sellke FW et al. Chemokines are associated 
with delirium after cardiac surgery. J Gerontol A Biol Sci Med Sci 2008; 63(2):184-189.

4. Simone MJ, Tan ZS. The role of inflammation in the pathogenesis of delirium and dementia in older 
adults. CNS Neurosci Ther 2011; 17(5):506-513.

5. Girard TD, Jackson JC, Pandharipande PP, Pun BT, Thompson JL, Shintani AK et al. Delirium as 
a predictor of long-term cognitive impairment in survivors of critical illness. Crit Care Med 2010; 
38(7):1513-1520. 

6. González M, Martínez G, Calderón J, Villarroel L, Yuri F, Rojas C et al. Impact of delirium on short-term 
mortality in elderly inpatients: a prospective cohort study. Psychosomatics 2009; 50:234-238.

7. Pisani MA, Kong SY, Kasl SV, Murphy TE, Araujo KL, Van Ness PH. Days of delirium are associated 
with 1-year mortality in an older intensive care unit population. Am J Respir Crit Care Med 2009; 
180(11):1092-1097. 

8. Witlox J, Eurelings LS, de Jonghe JF, Kalisvaart KJ, Eikelenboom P, van Gool WA. Delirium in elderly 
patients and the risk of postdischarge mortality, institutionalization, and dementia: a meta-analysis. 
JAMA 2010; 304:443-451.

9. Fann JR, Alfano CM, Roth-Roemer S, Katon WJ, Syrjala KL. Impact of delirium on cognition, distress, 
and health-related quality of life after hematopoietic stem-cell transplantation. J Clin Oncol 2007; 
25:1223-1231. 

10. Katz IR, Curyto KJ, TenHave T, Mossey J, Sands L, Kallan MJ. Validating the diagnosis of delirium and 
evaluating its association with deterioration over a one-year period. Am J Geriatr Psychiatry 2001; 
9:148-159. 

11. McCusker J, Cole M, Dendukuri N, Belzile E, Primeau F. Delirium in older medical inpatients and 
subsequent cognitive and functional status: a prospective study. CMAJ 2001; 165:575-583.

12. Koster S, Hensens AG, van der Palen J. The long-term cognitive and functional outcomes of 
postoperative delirium after cardiac surgery. Ann Thorac Sur 2009; 87(5):1469-74.

13. Jankowski CJ, Trenerry MR, Cook DJ, Buenvenida SL, Stevens SR, Schroeder DR et al. Cognitive and 
functional predictors and sequelae of postoperative delirium in elderly patients undergoing elective 
joint arthroplasty. Anesth Analg 2011; 112(5):1186-93.


