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When I am an old woman, I shall wear purple 
With a red hat which doesn't go, and doesn't suit me. 
And I shall spend my pension on brandy and summer gloves 
And satin sandals, and say we've no money for butter. 
I shall sit down on the pavement when I'm tired 
And gobble up samples in shops and press alarm bells 
And run my stick along the public railings 
And make up for the sobriety of my youth. 
I shall go out in my slippers in the rain 
And pick the flowers in other peoples' gardens 
And learn to spit……….. 
But maybe I ought to practice a little now? 
So people who know me are not too shocked and surprised 
When suddenly I am old, and start to wear purple. 

(Warning by Jenny Joseph)
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ABSTRACT

Delirium is probably the most common presenting symptom of disease in old age. Delirium, 

as defined in DSM-IV, is a neuropsychiatric syndrome characterized by disturbance in 

attention and consciousness, which develops over a short period of time and where the 

symptoms tend to fluctuate during the course of the day. The overall aim was to increase 

knowledge about the risk factors and outcome of delirium in old patients with femoral neck 

fracture and to develop and evaluate a multi-factorial intervention program for prevention and 

treatment of delirium in these patients. 

In a prospective study of 101 consecutive patients with a femoral neck fracture, 29.7% were 

delirious before surgery and another 18.8% developed delirium postoperatively. Of those who 

were delirious preoperatively all but one remained delirious postoperatively. The majority of 

those delirious before surgery were demented, treated with drugs with anticholinergic 

properties (mainly neuroleptics), had had previous episodes of delirium and had fallen 

indoors. Patients who developed postoperative delirium had perioperative falls in blood 

pressure and seemed to have more postoperative complications, such as infections. Patients 

with preoperative delirium had a poorer walking ability on discharge compared to patients 

with postoperative delirium only. 

In a five-year prospective follow up study 30 out of 78 (38.5%) non-demented patients with a 

femoral neck fracture developed dementia. Twenty out of 29 (69%) who were delirious 

postoperatively developed dementia compared to 10 out of 49 (20%) who were not delirious 

during hospitalization (p<0.001). Twenty-one (72.4%) of those with postoperative delirium 

died within 5 years compared to 17/49 (34.7%) of those who remained lucid postoperatively 

(p=0.001).

A non-randomized multi-factorial intervention study with the aim of preventing and treating 

delirium among patients with femoral neck fracture (n=49) showed that the incidence of 

delirium was significantly lower than reported in previously published studies. The incidence 

of other postoperative complications was also lower and a larger proportion of the patients 

regained independent walking ability and could return to their previous living conditions on 

discharge.

A similar multi-factorial intervention program evaluated as a randomized controlled trial 

including 199 femoral neck fracture patients showed that fewer intervention patients than 

controls suffered postoperative delirium (56/102, 55% vs. 73/97, 75%, p=0.003). For 
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intervention patients the postoperative delirium was also of shorter duration (5.0±7.1 days vs. 

10.2±13.3 days, p=0.009). Eighteen percent in the intervention ward and 52% of controls 

were delirious after the seventh postoperative day (p<0.001). Intervention patients suffered 

from significantly fewer in-hospital complications, such as decubital ulcers, urinary tract 

infections, nutritional complications, sleeping problems and falls, than controls. Total 

postoperative hospitalization was shorter in the intervention ward (28.0±17.9 days vs. 

38.0±40.6 days, p=0.028). 

In conclusion, pre- and postoperative delirium is common and seems to be associated with 

various risk factors, which require different strategies for prevention and treatment. Delirium 

is also associated with the development of dementia and a higher mortality rate. Multi-

factorial intervention programs can successfully be implemented and result in the reduction of 

delirium, fewer complications and shorter hospitalization.

Keywords: delirium, femoral neck fractures, dementia, risk factors, RCT, intervention, multi-

factorial, outcome, mortality 
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SVENSK SAMMANFATTNING (SUMMARY IN SWEDISH) 

Delirium eller akuta förvirringstillstånd är sannolikt det vanligaste sjukdomssymtomet hos 

sköra äldre. Delirium är enligt DSM-IV ett neuropsykiatriskt syndrom som främst 

karakteriseras av störd uppmärksamhet och koncentration. Symtomen utvecklas under kort tid 

(timmar eller dagar) och fluktuerar under dygnet och/eller från dag till dag. Det övergripande 

syftet med denna avhandling var att studera om delirium hos patienter som drabbats av 

cervikal höftfraktur är associerad med olika riskfaktorer, demensutveckling och en ökad 

dödlighet samt om ett multifaktoriellt interventionsprogram kan minska förekomsten av 

delirium och förbättra prognosen. 

I en prospektiv studie, av 101 konsekutiva patienter med cervikal höftfraktur, var 29.7% 

deliriösa före operationen och ytterligare 18.8 % utvecklade delirium efter operationen. Av 

dem som var deliriösa före operationen förblev alla utom en deliriös efter operationen. 

Majoriteten som var deliriösa före operationen var dementa, behandlades med läkemedel med 

antikolinerg effekt (övervägande neuroleptika), hade haft tidigare episoder med delirium och 

hade ramlat inomhus. Patienter som utvecklade delirium efter operationen hade blodtrycksfall 

under operationen och drabbades av fler komplikationer efter operationen som t.ex. 

infektioner. De patienter som var deliriösa före operationen hade sämre gångförmåga vid 

utskrivningen jämfört med dem som bara var deliriösa efter operationen.

En uppföljningsstudie av 78 konsekutiva icke dementa patienter, 65 år och äldre, som 

drabbats av fraktur på lårbenshalsen visade att trettio (38.5%) av de 78 patienterna utvecklade 

demens inom en femårs period. Tjugo utav 29 (69%) som hade ett delirium efter operationen 

utvecklade demens jämfört med 10 av 49 (20%) som ej blev deliriösa efter operationen 

(p<0.001). Tjugoen (72.4%) av dem som hade ett postoperativt delirium dog inom fem år 

jämfört med 17/49 (34.7%) av dem som ej blev deliriösa efter operationen (p=0.001). 

En icke- randomiserad multifaktoriell interventionsstudie som inkluderade 49 patienter med 

cervikal höftfraktur, 65 år och äldre, som vårdades på en akutgeriatrisk 

rehabiliteringsavdelning visade att förekomsten av delirium var signifikant lägre jämfört med 

tidigare publicerade studier. Förekomsten av andra postoperativa komplikationer var också 
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lägre och en större andel av patienterna återfick sin tidigare självständiga gångförmåga och en 

större andel kunde återvända till sitt tidigare boende vid utskrivningen. 

En annan interventionsstudie av 199 patienter, 70 år eller äldre, som randomiserades 

postoperativt till ortopedisk kontrollavdelning eller till en geriatrisk interventionsavdelning 

resulterade i att färre patienter var deliriösa efter operationen i interventionsgruppen jämfört 

med kontrollgruppen (56/102, 55% mot 73/97, 75%, p=0.003). Delirium efter operationen i 

interventionsgruppen varade kortare tid (5.0±7.1 dagar mot 10.2±13.3 dagar, p=0.009) trots 

att 27% av patienterna med delirium efter operationen skrevs ut med ett pågående delirium 

från kontrollgruppen jämfört med ingen från interventionsgruppen (p=0.001). Arton procent 

av patienterna i interventionsgruppen hade fortfarande delirium efter sjunde dagen efter 

operationen jämfört med 52% i kontrollgruppen (p=0.001). Patienter i interventionsgruppen 

hade signifikant färre komplikationer som t.ex. trycksår, urinvägsinfektioner, nutritions- eller 

sömnproblem och fall. Den totala vårdtiden efter operationen för interventionsgruppen var i 

genomsnitt tio dagar kortare (28.0±17.9 dagar mot 38.0±40.6 dagar, p=0.028). 

Avhandlingens slutsats är att delirium före respektive efter höftfrakturoperation är associerat 

med olika riskfaktorer, vilket i sin tur kräver olika preventions- och behandlingsstrategier. 

Delirium verkar också vara associerat med en ökad risk att utveckla demens och en ökad 

dödlighet. Med interventionsprogrammet kan delirium efter höftoperation framgångsrikt 

förebyggas och behandlas och detta leder i sin tur till färre komplikationer och kortare 

vårdtider. Interventionsprogrammet är billigt och bör vara användbart för alla äldre kirurgiska 

patienter – en grupp som upptar en stor och ökande andel av sjukhusens vårdplatser. 
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ABBREVIATIONS

A.D. Anno Domini 

B.C. Before Christ 

CI Confidence Interval 

DSM-III Diagnostic and Statistical Manual of Mental Disorders, Third edition 

DSM-III-R Diagnostic and Statistical Manual of Mental Disorders, Third edition-revised 

DSM-IV Diagnostic and Statistical Manual of Mental Disorders, Fourth edition 

GDS-15 The Geriatric Depression Scale (15 item version) 

ICD-10 The International Classification of Diseases and Related Health Problems,  

Tenth revision 

LPN License Practical Nurse 

MMSE Mini Mental State Examination 

NS Not Significant 

OBS Scale Organic Brain Syndrome Scale 

OR Odds Ratio 

Reg. OT Registered Occupational Therapist  

RN Registered Nurse 

RPT Registered Physiotherapist 

SD Standard Deviation 
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ORIGINAL PAPERS 

The thesis is based on the following Papers, which will be referred to in the text by their 

Roman numerals: 
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after operation for femoral neck fracture. J Am Geriatr Soc 2001; 49: 1335-1340. 

II. Lundström M, Edlund A, Bucht G, Karlsson S, Gustafson Y. Dementia after delirium 

in patients with femoral neck fractures. J Am Geriatr Soc 2003; 51: 1002-1006. 

III. Lundström M, Edlund A, Lundström G, Gustafson Y. Reorganization of nursing and 

medical care to reduce the incidence of postoperative delirium and improve 

rehabilitation outcome in elderly patients treated for femoral neck fractures. Scand J 

Caring Sci 1999; 13:193-200. 

IV. Lundström M, Olofsson B, Stenvall M, Karlsson S, Nyberg L, Englund U, Borssén B, 

Svensson O, Gustafson Y. Prevention and treatment of postoperative delirium in old 

people with femoral neck fracture - a randomized controlled trial. Submitted. 

The original articles have been reprinted with the kind permission of the publishers. 
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INTRODUCTION

In Sweden the number of old people especially the oldest old, is increasing, leading in turn to 

an increasing age-related diseases such as stroke, dementia, arthrosis, heart failure and injuries 

such as hip fractures. In the Swedish population of approximately 9 million, 19 000 people 

every year sustain a hip fracture.1 It is unusual to sustain a hip fracture before 50 years of age 

but after that age the risk increases, especially for woman. The lifetime risk of sustaining a hip 

fracture for a woman is 20% in Sweden and the mean age of patients with a hip fracture is 81 

years.1 Other known risk factors for hip fracture, apart from being over 50 years of age and of 

female sex are e.g. low bone mass, low body weight, estrogen deficiency, earlier fracture, 

tendency to fall, immobilization, low level of physical activity, reduced vision, stroke, 

dementia, diabetes mellitus, previous hip fracture and cigarette smoking.2-5 In Sweden the 

total annual cost for hip fracture during the first 4 months after incidence is estimated at 

approximately 1.3 billion Swedish crowns and during the first year the calculated costs are 3 

billion Swedish crowns annually.1

Many in-hospital complications after hip fracture surgery have been reported including 

delirium, urinary retention, incontinence, urinary tract infections, deep vein thrombosis and 

falls.6 The old hip fracture patients have complex needs since they are frail and many have 

dementia, stroke or depression, which leads to a reduction in brain capacity and a lower 

threshold for delirium.4, 7-9

Delirium

Delirium is probably the most common presenting symptom of disease in old age ( 65 years). 

Delirium is poorly recognized and is frequently mistaken for dementia or depression and is 

therefore often underdiagnosed.10-12 Delirium in general is reversible but patients with 

delirium have a poor prognosis.12 The delirium syndrome was mentioned and observed as 

early as 2,500 years ago by the Greek physician Hippocrates. Hippocrates said, according to a 

translation of Sprengell C, “When a delirium or raving is appeased by sleep, it is a good sign”. 

Another aphorism from Hippocrates is “Difficulty of breathing and delirium in continual 

fevers are mortal”. Hippocrates did not use the original Greek or Latin word for “delirium”, 

he used several Greek words to refer to it but when Sprengell translated Hippocrates work in 

the early eighteenth century he used the word “delirium”.13 The first time the word “delirium” 
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was mentioned in medical literature was by Celsus (25 B.C.-A.D. 50).13 Who, although he 

was not a physician, compiled the first great medical work since Hippocrates13

Definition, terminology and subtypes of delirium 

Definition and terminology 

Diagnostic criteria and the terminology of delirium have changed over the years.14 The DSM-

III-R criteria15 (Table 1) from 1987 were replaced by DSM-IV16 in 1994 which has been in 

use since then. Delirium as defined in DSM-IV16 is a neuropsychiatric syndrome 

characterized by reduced ability to focus, sustain or shift attention, the occurrence of cognitive 

changes such as memory loss, disorientation, language disturbance, or the development of a 

perceptual disturbance. A delirium develops over a short period of time (usually hours to 

days) and tends to fluctuate over the course of the day. There also has to be evidence from the 

history, physical examination, or laboratory findings that delirium is caused by the direct 

physiological consequences of a general medical condition (Table 2).

As mentioned, the terminology for “delirium” has changed over the years and in the literature 

there are many words, over 65 in all, that are used as synonyms for “delirium” 17 including 

“acute confusional state” (ACS), “confusion”, “acute brain failure” and “acute brain 

syndrome”. The term “Delirium” has been the consensus term since the late 1980s and it has 

been suggested that “acute confusional state” should be the only acceptable synonym for 

delirium.13

Subtypes

Delirium can be classified into three subtypes, the hyperactive-hyperalert, the hypoactive-

hypoalert and the mixed type.12, 18 Hyperactive delirium (i.e. restlessness/agitation, irritability 

and aggression) is more easily detected compared to hypoactive delirium (i.e. latency in 

reaction and in response to verbal stimuli and psychomotor slowing). Patients with a mixed 

type fluctuate between the hyperactive and the hypoactive type. Patients with hypoactive 

delirium seem to have a poorer prognosis than patients with hyperactive delirium.18, 19

Delirium can also be categorized into psychotic, emotional or in a mixed type with both an 

emotional and a psychotic profile.20
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Table 1. Diagnostic criteria for delirium according to DSM-III-R: 
15

A. Reduced ability to maintain attention to external stimuli (e.g., questions must be repeated 
because attention wanders) and to appropriately shift attention to new external stimuli (e.g., 
perseverates answer to a previous question). 

B. Disorganized thinking, as indicated by rambling, irrelevant, or incoherent speech. 

C. At least two of the following: 

(1) reduced level of consciousness, e.g., difficulty keeping awake during examination 

(2) perceptual disturbance: misinterpretations, illusions, or hallucinations 

(3) disturbance of sleep-wake cycle with insomnia or daytime sleepiness 

(4) increased or decreased psychomotor activity 

(5) disorientation to time, place, or person 

(6) memory impairment, e.g., inability to learn new material, such as the names of several 
unrelated objects, after five minutes, or to remember past events, such as history of 
current episode of illness 

D. Clinical features develop over a short period of time (usually hours to days) and tend to 
fluctuate over the course of the day. 

E. Either (1) or (2): 

(1) evidence from the history, physical examination, or laboratory tests of a specific 
organic factor (or factors) judged to be etiologically related to the disturbance 

(2) in the absence of such evidence, an etiologic organic factor can be presumed if the 
disturbance cannot be accounted for by any non-organic mental disorder, e.g., Manic 
Episode accounting for agitation and sleep disturbance 

Table 2. Diagnostic criteria for delirium according to DSM-IV:
16

A. Disturbance of consciousness (i.e. reduced clarity of awareness of the environment) with 
reduced ability to focus, sustain, or shift attention. 

B. A change in cognition (such as memory deficit, disorientation, language disturbance) or the 
development of a perceptual disturbance that is not better accounted for by a pre-existing, 
established, or evolving dementia. 

C. The disturbance develops over a short period of time (usually hours to days) and tends to 
fluctuate during course of the day. 

D. There is evidence from the history, physical examination, or laboratory findings that the 
disturbance is caused by the direct physiological consequences of a general medical 
condition.
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Epidemiology of delirium 

Delirium is a common disorder among hospitalized old patients with a reported prevalence 

among medical in-patients of between 10 and 30% and a incidence during hospitalization of 

between 4 and 30%12, 21, 22

The prevalence and incidence of delirium in surgical patients is also high, for example: in old 

patients undergoing cardiac surgery delirium occurs in 23 to 32%23, 24 and in patients operated 

on for elective hip surgery delirium occur in 4 to 27%.25-29

As can be seen in Table 3 delirium among patients undergoing an acute operation due to hip 

fracture is reported to be higher and to occur in 5-61%. Four to 33% develop delirium before 

the hip fracture surgery or before admission and an additional 5 to 41% develop delirium 

postoperatively (Table 3). 

Delirium is a common cause of falls30 thus some old people are already delirious before the 

fracture occurs. As delirium, by definition, has a specific etiologic organic factor this 

indicates that these patients have some often undetected acute disorder that has caused the 

prefracture delirium. Falls, like delirium, are also often caused by acute diseases and should 

be regarded as a symptom of acute disease or drug side effect until proven otherwise.30, 31 The 

great majority of hip fractures are caused by a fall.32

The prevalence and incidence of delirium varies among studies and is not only a result of 

differing prevention and treatment strategies. Several studies with a lower prevalence and 

incidence of delirium have often excluded patients with dementia or aphasia or excluded 

patients with signs of cognitive impairment or delirium on admission.27, 28, 33-36 but there are 

studies which have excluded patients with dementia or aphasia and yet still have a high 

occurrence of delirium.37-39 The varying prevalence can also be explained by the different use 

of diagnostic criteria, which have changed over the years.22, 40 Laurila et al.40 compared the 

DSM-IV classification with DSM-III, DSM-III-R, and ICD10 and found that DSM-IV 

identifies more subjects as delirious, particularly among those with previous dementia. 
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Table 3. An overview of studies of delirium in patients with hip fracture 

Study n Age Delirium 
preoperatively

Developed
delirium

postoperatively

Occurrence of 
delirium during 
hospitalization

   % % % 

Williams et al. 1985
41

 170* 60 - - 52 

Williams et al. 1985 
(intervention sample)

39
57 60 - - 44 

Berggren et al. 1987
37

 57† >64 9 35 44 

Gustafson et al. 1988
42

 111 65 33 28 61 

Brännström et al. 1989
38

& 1991
43

35 61 - - 43 

Mullen and Mullen
44

 400 60 - - 26 

Bowman 1997
25

 17 Mean age 
80 years 

- - 47 

Edlund et al. 1999
45

 54 40 19 9 28 

Gustafson et al. 1991 
(intervention sample)

46
103 65 29 19 48 

Brauer et al. 2000
47

 571 50 4 5 9 

Dolan et al. 2000
36

 682‡ 65 14 - 14 

Sörensen Duppils et al. 
2000

27
149§ 65 - - 24 

Marcantonio et al. 2000
48

 126 65 - - 41 

Andersson 2001
28

 208¶ 65 - - 20 

Galanski et al. 2001
49

 37# 60 Non delirious 
on admission 

41 41 

Millisen et al. 2001 
(intervention vs. control)

50
60 vs. 60 

Median age

82 vs. 80 - - 20 vs. 23 

Millisen et al. 2002
51

 55 65 - - 20 

Zakriya et al. 2002
52

 168** 50 - - 28 

Adunsky et al. 2003
53

 281 60 16 15 31 

Gruber-Baldini et al. 
2003

54
674‡ 65 29 - 37

Morrison et al. 2003
55

 541§§ - - - 16 

Schuurmans et al. 2003
56

 92†† 70 - - 20 

Edelstein et al. 2004
57

 921‡‡ 65 - - 5 

Kagansky et al. 2004
58

 102††† 75 6 6 12 

- The studies have not assessed, mentioned and/or calculated these figures. 
* Patients with a medically validated history of chronic mental impairment were excluded. 
† Only fully lucid patients were included. 
‡ Only patients living in community dwellings were included. 
§ Patients delirious on admission or patients with aphasia were excluded. 
¶ Patients with mental disease, already confused or difficult to communicate with were excluded. 
# Patients with severe dementia or aphasia were excluded. 
** Patients with a dementia diagnosis or delirious on admission were excluded. 
§§ Patients delirious at the first interview (within 48 hours of admission) were excluded. 
†† Patients suspected of being delirious on admission were excluded. 
‡‡ Those patients with dementia who not could answer a simple questionnaire were excluded. 
††† Patients with severe dementia, severe hearing loss, or visual impairment that could interfere with 
reliable cognitive tests were excluded. 
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Aetiology and risk factors for delirium 

Cerebral hypoxemia is known to be associated with development of delirium.59, 60 Hypoxemia 

is often caused by e.g. sleep-apnea syndrome, anaemia, severe hypotension, pulmonary 

diseases, and heart failure; all conditions which are probably common among old people 

undergoing hip surgery.17, 26, 42 Postoperative delirium has been reported to be precipitated by 

perioperative hypotension, hypoxemia and anaemia and can be prevented and treated by 

avoiding or treating such complications.37, 46, 61

Hypercortisolism due to different kinds of stress is probably an important precipitating 

mechanism for delirium that can be prevented both by preventing and treating medical 

complications as well as by providing optimal care from the patient’s perspective. Stress 

caused by the injury, admission to hospital and the operation itself seem to contribute to 

delirium, probably mediated by hypercortisolism.62-65 Hypercortisolism seems to be common 

in hip fracture patients.37, 66, 67 The combination of hypercortisolism and factors endangering 

the cerebral oxygen metabolism seems to be an especially dangerous combination for the 

brain.63, 64, 68 The combination of hypercortisolism and hypoxemia seem to be common in hip 

fracture patients which might contribute to the particularly high prevalence of delirium in 

patients undergoing acute hip fracture surgery. 

Many predisposing and even more precipitating causes of delirium have been reported in 

reviews.13, 59 In Table 4 risk factors or causes of delirium in hip fracture patients are listed and 

old age, dementia, cognitive impairment, previous stroke, depression, impaired hearing, 

impaired vision and treatment with drugs with anticholinergic properties seem to be the most 

important risk factors for delirium. Dementia or cognitive impairment seem to be an 

especially important risk factor for the development of delirium e.g. in one study69 performed 

on a delirium ward showed that among the 169 delirious patients 40% had a dementia 

diagnosis and another 30% had mild cognitive impairment, which is in many cases an early 

sign of dementia.

Among patients with a hip fracture delirium is associated with more postoperative 

complications compared to those who do not develop delirium. In-hospital complications that 

have been reported as being associated with delirium in patients with hip fracture are 

hypoxemia, decubital ulcers, feeding problems, pain, urinary incontinence, temperature 

>38oC, self-destructive behaviour and infections such as urinary tract infections28, 37, 42, 47, 49, 55
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Table 4. Risk factors for or causes of delirium among patients sustaining a hip fracture 

Risk factors for or 
causes of delirium

Studies that have found such an 
association

Studies that have not found such an 
association

Age Williams 1985
41

, Gustafson 1988
42

,
Gustafson 1991

46
, Edlund 1999

45
,

Dolan 2000
36

, Marcanonio 2000
48

,
Sörensen Duppils

†
 2000

27
, Andersson 

2001
28

, Galanski
†
 2001

49
, Milisen 

2002
51

, Wong
†
 2002

70
, Morrison 

2003
55

Berggren 1987
37

, Brännström 
1989

38
, Zakriya 2002

52
, Adunsky 

2003
53

, Schuurmans 2003
56

,
Edelstein 2004

57
, Kagansky 2004

58

Male sex Gustafson 1991
46

 ,Edelstein 2004
57

  Gustafson 1988
42

, Edlund 1999
45

,
Dolan 2000

36
, Marcanonio 2000

48
,

Sörensen Duppils
†
 2000

27
,

Andersson
†
 2001

28
, Milisen 2002

51
,

Zakriya 2002
52

, Wong
†
 2002

70
,

Adunsky 2003
53

, Morrison 2003
55

,
Schuurmans 2003

56

Impaired vision Sörensen Duppils
†
 2000

27
, Andersson 

2001
28

, Galanski
†
 2001

49
Schuurmans 2003

56

Impaired hearing Sörensen Duppils
†
 2000

27
,

Andersson
†
 2001

28
, Galanski

†
 2001

49
Schuurmans 2003

56

Dementia Gustafson 1988
42

, Brännström 
1989

38
, Gustafson 1991

46
, Edlund 

1999
45

None

Cognitive impairment Williams 1985
41

, Brauer 2000
47

,
Marcanonio 2000

48
, Sörensen 

Duppils
†
 2000

27
, Galanski

†
 2001

49
,

Adunsky 2003
53

, Morrison 2003
55

,
Kagansky 2004

58

None

Previous stroke Gustafson 1988
42

, Brännström 
1989

38
, Edlund* 1999

45
, Dolan 2000

36

Sörensen Duppils
†, ‡

, 2000
27

,

Zakriya 2002
52

Depression Berggren 1987
37

, Gustafson 1988
42

,
Edlund 1999

45
, Galanski

†
 2001

49
None

Cardiovascular diseases Gustafson 1988
42

 None 

Heart failure Dolan 2000
36

, Zakriya 2002
52

,
Morrison 2003

55
None

Long waiting time for 
operation

Edlund 1999
45

, Sörensen Duppils 
2000

27
, Andersson 2001

28
Gustafson 1988

42
, Gustafson 

1991
46

, Morrison 2003
55

,
Schuurmans 2003

56

Perioperative
hypotension

Gustafson 1988
42

, Gustafson 1991
46

 Berggren 1987
37

, Sörensen 
Duppils

†
 2000

27
, Schuurmans 

2003
56

,

Hypoxemia Berggren 1987
37

, Gustafson 1991
46

 None 

Electrolyte disturbance Brauer 2000
47

, Galanski
†
 2001

49
,

Zakriya 2002
52

Gustafson 1988
42

, Dolan 2000
36

,
Morrison 2003

55
, Kagansky 2004

58

Infections Brauer 2000
47

 Schuurmans 2003
56

, Morrison 
2003

55

Urinary tract infection Gustafson 1988
42

, Berggren 1987
37

 Schuurmans 2003
56

Pain Bowman 1997
25

, Morrison 2003
55

 None 

Polypharmacy Kagansky 2004
58

 Schuurmans 2003
56
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Drugs with 
anticholinergic
properties

Berggren 1987
37

, Gustafson 1988
42

,
Brännström 1989

38
, Edlund 1999

45
Sörensen Duppils

†
 2000

27

Use of antidepressants  Berggren 1987
37

, Gustafson 1988
42

 None 

Use of benzodiazepines Gustafson 1988
42

, Brännström 1989
38

None

Use of neuroleptics  Berggren 1987
37

, Gustafson 1988
42

,
Brännström 1989

38
None

*On the border of significance
† Including both patients with hip fracture and patients undergoing elective hip surgery. 
‡ Also including previous transient ischemic attacks (TIA) or epilepsy 

Patients’ experience of delirium

Studies have shown that patients who have been delirious remember what they experienced 

during the delirium episode and that they often experience things as terrifying and 

threatening.71-74 The patients describe situations during the delirium episode as being very 

real; they felt as if they are dreaming but at same time they knew they were awake.74 The 

patients reported that they saw and heard frightening things that did not exist and they 

misinterpreted what they saw or heard.73, 74 The patients also felt that, during the delirium 

episode, they were neither provided with any help in removing these threats nor received any 

explanations for their experience and retrospectively they were afraid of a recurrence if they 

should become ill in the future.72, 73 Moreover the patients had feelings of remorse, shame and 

embarrassment about things they had said or done towards the staff, spouses and friends 

during the delirium episode.72-74

Outcome of delirium 

Patients with delirium have a poor prognosis. For example among patients in general internal 

medicine or acute geriatric units delirium has been reported to be associated with prolonged 

hospitalization75, 76 and increased mortality.77-79 The outcome and prognosis for patients with 

delirium after hip fracture is also poor, they are hospitalized for longer periods,9, 37, 42, 57 and 

fewer of them can return to their previous independent living arrangements.9, 38, 45 Delirious 

patients operated on for a hip fracture also have poorer functional recovery,36, 42, 45, 48, 57 poorer 

recovery of basic activities in daily living,43, 57 and a increased mortality9, 44, 57 compared to 

those who do not develop delirium.
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Delirium and development of dementia 

Another reported consequence of delirium in old people is that delirium is associated with the 

development of dementia.80 Dementia is, to date, an incurable progressive brain disease and is 

defined, according to DSM-IV criteria16, as a development of multiple cognitive deficits 

manifested by both memory impairment (impaired ability to learn new information or to recall 

previously learned information) and one (or more) of the following cognitive disturbances: (a) 

aphasia, (b) apraxia, (c) agnosia, (d) disturbance in executive functioning (i.e., planning, 

organizing, sequencing, abstracting). The cognitive deficits also cause significant impairment 

regarding social or occupational functioning and represent a significant decline from a 

previous level of functioning.16 Each subtype of dementia e.g. Alzheimer’s disease and 

vascular dementia are specifically defined. 

In a three-year follow up study of patients aged 65 years and older admitted to general 

medicine service who at baseline had the diagnosis ‘delirium-no dementia’, nine out of fifteen 

were found to have developed dementia.78 In a study of non-demented older patients (aged 65 

years and above) living in community dwellings (n=37) and admitted to hospital for acute 

delirium the incidence of dementia during a two-year follow up was found to be 38%.81

Furthermore, among 20 non-demented people (aged 85 years or above) who had been 

diagnosed as having had an episode of delirium during a three-year observational period, 13 

were found to have developed dementia.82 None of these studies included patients with 

postoperative delirium. In a study, among non-demented patients with a hip fracture, it was 

shown that patients with delirium on admission to hospital were almost twice as likely to be 

cognitively impaired at a two-year follow up.36

Delirium and intervention studies 

Several studies have been performed to evaluate intervention programs aimed at preventing 

and treating delirium and its underlying causes but only a few of these studies have been 

evaluated as randomized trials with positive results. 

Among patients in general internal medicine a few intervention studies have been performed 

and only two have produced any positive results regarding the reduction in the occurrence of 

delirium.83-87 The first of these successful intervention studies was a multi-component risk-

factor, non-randomized, intervention study aimed at preventing the development of delirium 

in older patients admitted to general internal medicine. This intervention resulted in a 

reduction in the number and duration of episodes of delirium.84 The second successful 
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intervention study was a randomized intervention study aimed at investigating whether a 

program of education and a reorganization of the nursing and medical care improved the 

outcome for older delirious patients.87 This study resulted in a reduction in the duration of 

delirium, length of hospital stay and a lower in-hospital mortality in delirious patients.

Among studies on patients operated on for hip fracture several intervention studies have 

shown that postoperative delirium can be prevented and treated (Table 5).39, 46, 50, 61 However 

only one of these studies was a randomized controlled trial and the effect of the intervention 

bordered on significance and focused mainly on prevention and treatment of medical 

complications.48

To date, it seems that multi-factorial, multi-professional interventions are the most effective, 

according to the studies performed on patients in general internal medicine.84, 87
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Table 5. Delirium intervention studies in patients with hip fracture 

Trial Design  Intervention Results 

Williams M, et 
al. 1985

39
Intervention study 
compared to 
historical control

n=57/170

 age 60 

mean age 81/79 

Interpersonal and 
environmental nursing 
intervention related to the 
following problems: 

Strange environment 

Altered sensory input 

Loss of control 

Disruption of life pattern 

Immobility

Pain

Disruption of elimination 
patterns

Incidence of delirium (43.9% 
vs. 51.5%, NS); but the 
difference was significant 
(P<0.02) when controlled for 
baseline differences. 

Gustafson Y, et 
al. 1991

46
Intervention study 
compared with 
historical control 
from the same 
orthopaedic
department
n=103/111

 age 65 

mean age 80/79 

Pre- and post-operative 
geriatric assessments and 
intervention

Oxygen therapy 

Early surgery 

Prevention and treatment of 
falls in perioperative blood 
pressure

Treatment of postoperative 
complications

Lower incidence, (47.6% vs. 
61.3%,p< 0.05), severity, (6.8% 
vs. 29.7% with severe delirium, 
p<0.001) and shorter duration 
of delirium. Fewer 
postoperative complication 
such as decubital ulcers and 
injurious falls 

Mean length of stay on 
orthopaedic ward was shorter 
(11.6 days vs. 17.4 days, 
p<0.001)

Marcantonio E, 
et al. 2001

61
Randomized
intervention study 

n=62/64

 age 65

mean age 78/80 

Daily proactive geriatric 
consultation that made 
targeted recommendations 
based on a structured protocol, 
which included 10 modules. 

Lower incidence (32% vs. 50%, 
p=0.04) and severity (12% vs. 
29%, p=0.02) of delirium. The 
difference did not remain 
significant after adjustment for 
baseline differences. 

Milisen K, et al. 
2001

50
Longitudinal
prospective
before/after
design

n=60/60

mean age 82/80 

Education of nursing staff 

Systematic cognitive 
screening

Consultative service from a 
delirium resource nurse, a 
geriatric nurse specialist, or 
a psychogeriatrician 

Use of a scheduled pain 
protocol

Less severe delirium (p<0.005) 
and shorter duration (median 1 
day vs. 4 days, p=0.03) of 
delirium.
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Rationale for this thesis 

Delirium is a far too common disorder among old patients; it has many predisposing and 

precipitating factors, and is associated with poor prognosis. For patients who have 

experienced episodes of delirium the experience is often frightening and they are afraid that 

there will be a recurrence if they should become ill in the future. 

Few studies have been successful in reducing delirium and, to my knowledge, no study 

preformed as a randomized controlled trial in patients with hip fracture has resulted in a 

reduction in the duration of delirium and thus the length of hospitalization. However, a 

combination of good nursing and medical care, reducing stress by creating a safe and secure 

caring situation and by preventing complications such as hypotension, hypoxemia, anaemia, 

urinary retention, infections, pain, malnutrition, thrombosis and constipation, seems to be a 

prerequisite for the prevention and treatment of delirium. Therefore, it is important to increase 

our knowledge about delirium and to develop and implement intervention programs able to 

reduce the suffering of older patients and the care and treatment costs. 
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AIMS OF THIS THESIS 

The overall aim was: to increase knowledge about the risk factors and outcome of delirium in 

old patients with femoral neck fracture and to develop and evaluate a multi-factorial 

intervention program for prevention and treatment of delirium in these patients. 

The specific aims were: 

To investigate the differences between preoperative and postoperative delirium regarding 

predisposing, precipitating factors and outcome, in older patients admitted to hospital with 

femoral neck fractures (Paper I). 

To investigate whether delirium in older patients with femoral neck fractures is associated 

with an increased risk of developing dementia and a higher mortality rate (Paper II). 

To investigate whether a reorganization of nursing and medical care, could reduce the 

incidence of postoperative delirium and improve functional outcome in patients treated for 

femoral neck fractures (Paper III). 

To investigate, in a randomized study, whether a postoperative multi-factorial intervention 

program, including comprehensive geriatric assessment, management and rehabilitation, 

reduces delirium and improves outcome in patients with femoral neck fractures (Paper IV). 
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METHODS

This thesis involves three samples of patients from two different hospitals. Papers I, II and IV 

concern two samples of patients from Norrland’s University Hospital in Umeå, Sweden and 

Paper III one sample of patients from Piteå River Valley Hospital in Piteå, Sweden. A 

schematic overview of the studies and the characteristics of the samples is presented in Tables 

6 and 7. 

Subjects and settings 

Papers I and II 

The populations in Papers I and II are based on 103 consecutive patients, 65 years and above, 

operated on for fractured neck of the femur at the Department of Orthopaedic Surgery at 

Norrland’s University Hospital in Umeå. This sample was a part of a intervention program for 

prevention and treatment of delirium consisting of geriatric consultation, oxygen therapy, 

early surgery, prevention and treatment of perioperative blood pressure falls and treatment of 

postoperative complications.46 The inclusion dates ran from December 1986 to January 1988. 

The only exclusion criteria were age under 65 and the patient’s refusal to participate. All other 

patients were included regardless of diagnosis. Among these 103 patients there were three 

participants who entered the study twice since they sustained a second femoral neck fracture 

during the inclusion period. Paper I included 101 patients/cases since it was impossible to 

verify whether two of the 103 patients/cases did or did not have preoperative delirium. The 

population in Paper II is based on 100 consecutive patients (for those three patients with a 

second hip fracture, only the first fracture was included). Pre-fracture dementia was diagnosed 

in 22 of these 100 patients according to the DSM-IV criteria for organic brain disorders. 

These patients were then excluded, thus 78 non-demented patients remained for inclusion in 

Paper II. These 78 non-demented patients were followed for five years and all survivors 

received a home visit five years after the hip fracture. The five-year follow up visits were 

performed between 1991-1993. 

The operation performed on all patients was internal fixation with hook-pins, according to 

Hansson88, 89 under spinal anesthesia. 
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Paper III 

In Paper III the population were based on 49 consecutive patients aged 65 years and above. 

All patients were operated on for fractured neck of the femur at the ward for Acute 

Rehabilitation, which was a part of the Department of Geriatric Medicine at the Piteå River 

Valley Hospital in Piteå, Sweden. The study ran from January to December 1993 and the only 

exclusion criteria were age under 65 and the patient’s refusal to participate. All other patients 

were included regardless of diagnosis. Nine patients who met the inclusion criteria were not 

included due to failure in inclusion routine, these patients tended to be older than the study 

sample (mean age 83.8 years vs. 79.7 years). 

Internal fixation was used for all patients, and performed using von Bahr screws.90 One 

patient was operated on under ketamin anaesthesia and all the others under spinal 

anaesthesia.37

Paper IV 

Paper IV included 199 patients, aged 70 years or above, consecutively admitted to the 

Orthopaedic Department at the Norrland’s University Hospital in Umeå, Sweden, between 

May 2000 and December 2002 with femoral neck fractures. The patients were randomized to 

postoperative care at a geriatric ward with a special intervention program, based on the 

program developed in Paper III, or to conventional care at the orthopaedic department. 

Exclusion criteria were: age under 70, severe rheumatoid arthritis, severe hip osteoarthritis, 

severe renal failure, pathological fracture and patients who were bedridden before the injury. 

Two hundred and fifty-eight patients fulfilled the inclusion criteria but 59 patients declined or 

did not participate in the study for other reasons (Figure 1). These 59 patients tended to be 

more often admitted from their own apartment/house (p=0.009) and were more likely to be 

males (p=0.033) but there was no difference in age (p=0.354) compared to the 199 patients 

included.

Depending of the degree of dislocation (Garden I-IV)91 various operation methods were used. 

Fractures with minor dislocation (Garden I-II) (n=69) were treated with two hook-pins 

(Swemac Orthopedica®) and dislocated fractures (Garden III-IV) (n=111) with bipolar 

hemiarthroplasty (Link®). Basocervical fractures (n=17) were operated on using a dynamic 

hip screw (DHS, Stratec Medical®). Two patients should have had arthroplasty but one had a 

resection of the femoral head due to a deterioration in medical status and one died before 
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surgery. Most (174/199, 87%) of the operations were performed under spinal anesthesia, the 

remaining operations (24/199, 12%) where performed under general anesthesia. 

Table 6. An overview of the studies comprising the doctoral thesis 

 Paper I Paper II Paper III Paper IV 

Context of the 
study

Orthopaedic unit Orthopaedic unit Geriatric/Rehabilitation 
unit

Orthopaedic units 
vs. Geriatric unit 

Type of study Prospective clinical 
assessment

5-year prospective 
follow up study 

Prospective
intervention study 
compared to historical 
controls in the same 
and other hospitals 

Randomized
controlled trial 

Number of 
subjects 

101 patients 

 age 65 years 

78 non-demented 
patients 

 age 65 years 

49 patients 

 age 65 years 

199 patients 

 age 70 years 

Method of 
data collection 

Observations

Assessments

Interviews

Medical charts 

Observations

Assessments

Interviews

Medical charts 

Observations

Assessments

Interviews

Medical charts 

Observations

Assessments

Interviews

Medical charts 

Assessment
scales

OBS Scale 

MMSE

OBS Scale 

MMSE

OBS Scale OBS Scale 

MMSE

GDS-15

Time of data 
collection

1986-1988 1986-1988 with 
follow up1991-1993

1993 2000-2002 

Diagnostic
criteria

Re-evaluated by 
DSM-IV

Re-evaluated by 
DSM-IV

DSM-III-R DSM-IV 

Statistical
analysis 

Pearson chi-
square test 

Fisher’s exact test 

Student’s t-test 

Multivariate logistic 
regression 
analyses 

Pearson chi-square 
test

Fisher’s exact test 

Student’s t-test 

Multivariate logistic 
regression 
analyses 

Pearson chi-square 
test

Fisher’s exact test 

Student’s t-test 

Yates’ corrected chi-
square test 

Bonferroni adjustment 

Pearson chi-
square test 

Fisher’s exact test 

Student’s t-test 

Multivariate
logistic regression 
analyses 
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Table 7. Baseline characteristics of the patients in the four Papers 

Characteristics Paper I Paper II Paper III Paper IV 

n=101 n=78 n=49

Intervention

n=102

Control

n=97

Age, mean±SD

(Range)

79.5±7.7

(65-102)

79.1±8.1

(65-102)

79.7±7.5

(65-98)

82.3±6.6

(70-100)

82.0±5.6

(70-96)

Sex, men/woman (%) 27.7/72.3 23.1/76.9 34.7/65.3 27.5/72.5 23.7/76.3 

Impaired hearing (%) 29.7 30.8 22.4 44.6* 41.5* 

Impaired vision (%) 22.8 23.1 51.0 40.7† 36.5† 

Dementia (%) 20.8 0 22.4 27.5 37.1 

Previous stroke (%) 29.7 30.8 26.5 28.4 21.5§ 

Depression (%) 10.9 10.3 12.2 32.4 47.4¶ 

* 8 missing value in intervention group and 15 missing value in the control group 
†11 missing value in intervention group and 23 missing value in the control group 
§4 missing value in the control group 
¶ 2 missing value in the control group 
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Randomization
(n=199)

Intervention ward 
(n=102)

Mortality during
hospitalization

(n=6)

Eligible
patients
(n=258)

Missing cases (n=59): 

inclusion routines failed (n=27) 
fractured in hospital (n=21) 

refused to particiapte (n= 11)

Control wards 
(n=97)

Mortality during 
 hospitalization 

 (n=7)

4-month
follow up

(n=92)

4-month
follow up

(n=83)

12-month 
follow up
 (n=84)

12-month
follow up

(n=76)

Died (n=3) 
Declined (n=1)

Died (n=7) 
Declined (n=1)

Died (n=5) 
Declined (n=2)

Died (n=6) 
Moved (n=1)

Do not meet inclusion
critera
 (n=95)

Patients with
femoral neck fracture 

 (n=353)

Figure 1. Flow chart for the randomized trial (Paper IV). 
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Data collection 

Scales

The Organic Brain Syndrome Scale (OBS Scale)92 consists of two main parts: the 

disorientation subscale, a questionnaire of 15 items, and the confusion subscale, an 

observation schedule containing 39 clinical features. The disorientation subscale measures the 

patient’s orientation to time, place and own identity with a maximum score of 45 (higher 

score indicates increased disorientation). The confusion subscale describes different cognitive, 

perceptual, emotional and personality changes and fluctuations in the clinical states and is 

based on observations and interviews with the patients and interviews with the caregivers. 

A modified version of the Organic Brain Syndrome Scale was used in all Papers in this thesis. 

The modified version of the OBS Scale is adjusted for hip fracture patients which means that 

variables affected by the hip fracture per se are excluded.37 In the modified OBS Scale, which 

also includes two main parts, the disorientation subscale consists of 12 items and the 

confusion subscale, an observation schedule of 21 clinical features. The disorientation 

subscale, a questionnaire, measures the patient’s orientation to time, place and own identity 

with a maximum score of 36 (higher score indicates increased disorientation). The confusion 

subscale describes different cognitive, perceptual, emotional, and personality changes and 

fluctuations in the clinical states and is based on observations and interviews with the patients 

and interviews with the caregivers. 

The original OBS Scale has been compared with other assessment scales and has been shown 

to have good concurrent validity.92 The modified version of the OBS Scale has been 

compared to the Confusion Assessment Method (CAM) and showed 100% agreement in a 

study regarding the diagnosis of postoperative delirium in patients undergoing Coronary 

Artery Bypass Surgery (CABG).24 In two previous studies the inter-rater reliability between 

the assessors using the modified version of the OBS Scale was tested and found to be over 

90% for all variables in both studies.37, 42 In another study the inter-rater reliability between 

the assessors was found to be above 95%.38, 43 The OBS Scale offers a broad description of 

reported and observed signs of organic brain syndromes as well as fluctuations in the patients’ 

clinical state. The OBS Scale thus offers the opportunity to register more signs and symptoms 

than a pure interview or observation instrument.92
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The Mini Mental State Examination (MMSE)93 was used to assess cognition. The MMSE is 

scored from 0 to 30 points and a score below 24 indicates cognitive impairment.94 The MMSE 

has shown good reliability and validity93-95 (Papers I, II and IV). 

The Geriatric Depression Scale (GDS-15, shorter version)96, 97 was used to assess depression 

in Paper IV. This scale has 15 items and scores of between five and nine indicates mild 

depression while ten or more indicates moderate to severe depression. GDS-15 has been 

shown to have a high sensitivity and high specificity in a community sample of the oldest 

old.98

Study procedures 

Diagnosis

Delirium

In Papers I and II the patients were tested on admission, and on days 1, 3 and 7 after surgery 

using the modified OBS Scale and observed every day regarding both fluctuations in mental 

state and the detection of medical complications. Patients with cognitive impairment detected 

by the OBS Scale testing were also tested with the MMSE. The survivors were visited and 

assessed using the OBS Scale and the MMSE in their homes five years after the fracture. 

In Papers I and II the results of the assessments and the OBS Scale testing were analyzed and 

the patients were diagnosed regarding delirium during hospitalization according to DSM-III 

criteria99 independently by three of the Paper’s authors (BB, GB, and YG). In the few cases 

where there was disagreement regarding diagnosis, each case was discussed until a consensus 

was reached. In Papers I and II one of the author (YG) reanalyzed all assessments and 

documentation to decide whether the patients met the DSM-IV criteria for delirium during 

hospitalization and at the 5-year follow up.

In Paper III all patients were observed almost every day pre- and postoperatively and assessed 

on days 1 and 7 postoperatively using the modified OBS Scale. A specialist in geriatric 

medicine analyzed all assessments and documentation to decide whether the patients met the 

DSM-III-R criteria for delirium.15 All four co-workers who assessed the patients were 

employed on the ward, the patients were thus observed almost everyday of the week and in 

addition other members of the staff were interviewed regarding e.g. diurnal variation. 
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In Paper IV all patients were observed almost every day pre- and postoperatively and tested 

once between days 3-5 using the modified OBS Scale and any changes in the patients mental 

state were also documented in the nurses´ and medical records. Delirium on discharge was 

registered if the patient was delirious during the last 24 hours of hospitalization according to 

the nurses’ records. One nurse from the orthopaedic department was employed half-time on 

the study and was trained to carry out assessments using the Mini Mental State Examination 

(MMSE),93 the Organic Brain Syndrome Scale (OBS Scale)92 and the Geriatric Depression 

Scale (GDS-15)96, 97 on the geriatric intervention ward. Similarly a nurse in the intervention 

ward was also employed half-time on the study carrying out the same assessments but in the 

control wards. The same two nurses also worked half-time each as regular nurses in the 

opposite ward than in which they performed the assessments. An occupational therapist and a 

physiotherapist were also employed to assess the patients in the project. Finally, a specialist in 

geriatric medicine, who was not working in either of the two wards and did not know which 

group the patients were randomized to, analyzed all assessments and documentation including 

all patients´ medical and nurses’ records to decide whether the patients met the DSM-IV 

criteria for delirium.16

Symptoms of cognitive disturbance during the first eight postoperative hours were not 

registered as delirium but were ascribed to the immediate effects of drugs from the pre-

medication and/or anaesthetic (Papers I-IV). 

Dementia

In Papers I and II all patients were assessed pre- and postoperatively to verify any 

preoperative dementia diagnosis. Their pre-fracture mental state was assessed by means of 

interviews with relatives or caregivers. They were e.g. asked about pre-fracture memory 

problems, orientation and about previous episodes of delirium. Dementia was diagnosed 

according to DSM-IV criteria using to the same procedure as for delirium (see above).

In Paper II pre-fracture dementia was diagnosed in 22 of the 100 patients according to the 

DSM-IV criteria for organic brain disorders. These patients were excluded, thus 78 non-

demented patients remained for inclusion in Paper II. Patients and/or their caregivers were 

interviewed six months and five years after surgery regarding living conditions and health. All

medical records from all hospital admissions and outpatients reception were reviewed and all 

diagnoses were registered. For the patients who died during the 5 years the dementia 

diagnosis was based on documentation from outpatient visits, from hospital records and/or 



33

death certificates. Cognitive decline during the last month of life was not diagnosed as 

dementia. The majority of these patients were assessed at the Department of Geriatric 

Medicine, Norrland’s University Hospital, which is the only hospital in the catchment area. 

The department of Geriatric Medicine is responsible for all dementia assessment in the 

primary catchment area of the hospital and specialists in geriatric medicine from this 

department are the responsible physicians for everyone living in residential care in Umeå. All 

patients who are offered apartments in residential care facilities, such as group livings for the 

demented, first undergo a full dementia assessment. Patients with dementia living in their own 

homes are also in most cases assessed and supported by the outpatient dementia clinic at 

department of Geriatric Medicine. This means that for almost all the patients in this study 

there was extensive documentation in their records regarding cognitive and functional level as 

well as diagnoses of dementia and delirium. Finally 44 of those 47 who were still alive after 5 

years were tested in their homes using both the OBS Scale and the MMSE. The disorientation 

subscale scores in the modified OBS Scale strongly correlate with the MMSE scores (Pearson 

r=-0.899, p=<0.001) at the time of the follow up (Paper II). 

In Paper III the patients’ pre-fracture mental state was assessed by means of interviews with 

relatives or caregivers and a review of their nursing and medical records. Dementia was 

diagnosed according to DSM-III-R criteria. The majority of the patients were assessed at the 

Department of Geriatric Rehabilitation, Piteå River Valley Hospital, which is the only 

hospital in the catchment area. This department is also responsible for all dementia 

assessment in the primary catchment area of the hospital. A unique epidemiological study of 

dementia was performed in the catchment area of this hospital which means that all persons 

with a cognitive impairment severe enough to require medical attention was assessed in the 

Piteå River Valley Hospital.100

In Paper IV a specialist in geriatric medicine blindly analyzed all assessments and 

documentation including all patients´ medical and nursing records to decide whether the 

patients met the DSM-IV criteria for dementia. Assessments with the OBS Scale and the 

MMSE at four and twelve month were also used to validate any dementia diagnoses. 



Depression

In Papers I, II and III the diagnosis of depression was mainly based on documentation in the 

medical records, often in combination with ongoing treatment with antidepressants and with 

depressive symptoms observed and registered by the OBS Scale. The rating of depression 

according to the OBS Scale has been compared to the Montgomery-Åsberg Depression 

Rating Scale (MADRS) and found to have a high correlation.101

In Paper IV a specialist in geriatric medicine analyzed all assessments and documentation 

including all patients´ medical and nursing records to decide whether the patients met the 

DSM-IV criteria for depression.16 Depression before hospitalization was diagnosed after an 

evaluation of earlier diagnoses documented in the records, and current treatment with 

antidepressants. Depression during hospitalization was diagnosed if the patients were 

currently being treated with antidepressants and if the screening with the GDS-15 indicates 

depression in combination with depressive symptoms observed and registered by the OBS 

Scale.

Hearing and vision 

Patients’ hearing and vision were tested on the first occasion when assessment with the OBS 

Scale was performed. The patients were assessed as having impaired hearing if they could not 

hear a normal speaking voice from a distance of one meter with or without a hearing aid and 

impaired vision if they not could read a newspaper with or without glasses (Papers I-IV). 

Blood pressure 

Blood pressure was measured every 5 minutes during the operation and blood pressure falls in 

relation to blood pressure before the spinal anesthesia were registered in percentages (Papers I 

and II). 

Further relevant information about the patients’ living conditions, on-going treatments and 

diagnoses etc. were obtained from the patients themselves, their spouses, nursing and medical 

staff and medical records (Papers I-IV). 
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Follow up (Papers I-IV) 

In Papers I and II the patients and/or their caregivers, were interviewed six months after 

surgery regarding living conditions and health. In Papers I and II the patients were followed 

regarding mortality for 3 and 5 years respectively. All survivors were visited and assessed 5 

years after the fracture. In Paper III the patients or their caregivers were interviewed 6 months 

after surgery, when their living conditions and walking ability were recorded. Mortality 

during the six months after the hip fracture was also registered. In Paper IV the patients were 

visited and assessed at 4 and 12 months by the study group. Mortality during the first year 

after the hip fracture was also registered. 

Study design 

Paper I was performed as a prospective study with a six-month follow up and Paper II was 

performed as a 5-year prospective follow up study. 

Paper III was performed as a non-randomized intervention study where all the data 

concerning patient characteristics were compared with historical cohorts of corresponding 

patients in the same and other hospitals. The inclusion criteria and assessment methods were 

identical in control studies I and II and in the current intervention study. Because of different 

inclusion criteria in control study III, the intervention sample was matched as closely as 

possible to the inclusion criteria in the earlier study. The same inclusion criteria as in that 

study (control III) were adopted for the current sample resulting in 45 patients remaining for 

comparison. Only patients able to communicate on admission to hospital are included in the 

comparisons.

In Paper IV all patients had the same preoperative treatment in the orthopaedic ward. The 

patients were randomized to postoperative care in a geriatric ward with a special intervention 

program or to conventional care in the orthopaedic department. This was done using sealed, 

opaque envelopes stratified according to operation method. All participants received an 

envelope while in the emergency room but the envelope was not opened until immediately 

before surgery to ensure similar preoperative treatment. The staffing at the orthopaedic ward 

was 1.01 nurses/aids per bed and 1.07 nurses/aids per bed on the intervention ward. A similar 

proportion of other professionals worked in both wards but in the intervention ward they had 

developed a plan which included more teamwork. The staff on the intervention ward were 
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fully aware of the nature of the study and the staff on the control ward were informed that a 

new care program was being evaluated on the geriatric ward. 

Intervention programs (Paper III and IV) 

The intervention program in Paper III was based on previous research in Umeå and Piteå and 

on a literature review.37-39, 41-43, 46 The intervention program in Paper IV was based on the 

same program as reported in Paper III. 

In Paper III there was a total reorganisation of the nursing and medical care of patients with 

femoral neck fractures and the intervention program consisted of ten items: 

1. All members of staff received 2 weeks training in caring, rehabilitation, teamwork and 

medical knowledge including sessions about delirium, risk factors, prevention and treatment. 

The education preceded the reorganization of the care. 

2. All femoral neck-fracture patients were admitted to the geriatric rehabilitation unit from the 

emergency ward. Orthopaedic surgeons and geriatricians co-operated in the treatment of the 

patient. The motto in the ward was, ‘We don’t move disabled patients if the doctor is healthy 

and can walk independently’. 

3. Medical prevention and treatment of delirium patients: all patients were operated on as 

quickly as possible, as a more favourable outcome has been reported for hip fracture patients 

operated on immediately after admission.102

Hypoxemia has been reported to be common among hip fracture patients and also to be 

associated with postoperative delirium.37, 46, 103 It was, therefore, considered important to 

prevent hypoxemia. Oxygen-enriched air was administered throughout the operation and the 

immediate postoperative period. All patients were treated with a Positive Expiratory Pressure 

bottle (PEP-bottle) several times a day to prevent atelectasis and pneumonia.104

Patients who develop postoperative delirium were assessed and treated for complications that 

could be associated with delirium, e.g. anaemia, heart failure, urinary tract infections, urinary 

retention, pneumonia, deep vein thrombosis and pulmonary embolism.26, 42, 46, 47, 105 The aim 

of this intervention was mainly to reduce the duration and severity of the delirium, as it has 

been found that prolonged delirium is associated with several postoperative complications. 
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Treatment of postoperative complications in delirious patients probably reduces the stress and 

thereby the duration and severity of delirium.46

Pain-reducing pills were distributed as soon as the patient woke up in the morning, in order to 

facilitate the ensuing training.25 All patients received low-molecular heparine as a thrombosis 

prophylactic.106

4. The team carried out the planning of individual care on the day of admission and 

rehabilitation was started as soon as possible. The members of the team met the patient, 

his/her family and each other both formally and informally during the hospital stay or during 

home visits. On the basis of the data collected by its members, the team collectively 

formulated the main and secondary goals, in co-operation with the patient. Each member of 

the team was responsible for fitting his/her data collection into the whole, for defining his/her 

own tasks and ensuring that these tasks were carried out with regard to the whole. The 

teamwork was thus performed according to an interdisciplinary rehabilitation team process.107,

108

All patients were assigned two contact people, one of whom was a registered nurse and the 

other a licensed practical nurse both with primary care responsibility for the patient. 

5. Small teams of staff worked closely with the patient, watching the patient’s state of well-

being and adjusting the training to that particular level of well-being, which may vary from 

day to day, even from hour to hour. 

6. Physiotherapists and occupational therapists participated in the team and were on the ward 

all day and co-operated effectively and closely with all the staff. Much of the training took 

place in the patient’s room, but there were special rooms and equipment for training on the 

ward.

Patients were encouraged all hours of the day and all days of the week to perform all the 

activities or parts of activities in all situations that they could manage. All staff members were 

involved in the training.107

7. A new building specifically designed for rehabilitation was erected in 1992. All the 

patients’ rooms are single or double, spacious and fitted with a shower room and toilet. Every 

patient has his/her own bedside phone to facilitate close contact with friends and relatives. 

There are four dining rooms on the ward designed for eight patients each. The eating, living 
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and training environment on the ward is excellent. There are no set visiting hours and 

relatives are encouraged to stay with the patients and even to stay the night, especially if the 

patient was uneasy or delirious. 

8. The staff adjusted to the individual needs of the patient instead of the patient having to 

adjust to the group. The patients were allowed to wake up at a time that suited them, to drink 

morning tea/coffee in peace and quiet before getting washed, dressed and going to the 

breakfast room. In short, the patients were allowed to wake up and prepare themselves for the 

training at their own pace. 

9. The good eating environment includes nicely laid tables and food taken from a serving dish 

by the patients themselves as far as possible. Nutritional and protein drinks were served every 

day in attractive glasses.109 The drinks were prepared on the ward by the staff and made to 

look good and appetising. 

10. The patient did not change ward during the course of care (including the need of in-

hospital rehabilitation) from admission to discharge. They did not even change rooms during 

their entire stay on the ward, which also meant that they always met members of the same 

team.110

Difference in intervention program in Paper IV compared to that in Paper III 

Before the intervention started the staff in Paper III received a 2 weeks course in e.g. caring 

and rehabilitation of patients with hip fractures and stroke. The education also focused on 

prevention, detection and treatment of complications such as delirium. In Paper IV the staff 

received a similar course but the duration was only four days.

The intervention ward in Paper IV was situated in a 24-bed geriatric unit specializing in 

geriatric orthopaedic patients in the Geriatric Department at Norrland’s University Hospital in 

Umeå. This Department of Geriatrics was moved in 1996 in to a new building specifically 

designed for geriatric care and rehabilitation with the same exclusive environment as in Piteå 

(Paper III) except that there was only one dining room per 24 patients.

Further differences: the intervention program in Paper III also included preoperative care 

since all patients were admitted to the intervention ward preoperatively. In Paper IV the 

intervention patients received their preoperative care at the Orthopaedic Department since the 
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intervention program concerned postoperative care at the geriatric unit specializing in 

geriatric orthopaedic patients. In both intervention studies the patients received oxygen-

enriched air during and after the operation. In Paper IV the patients also received oxygen-

enriched air preoperatively (in the ambulance, at the emergency ward and on the orthopaedic 

ward before surgery). The patients in Paper III did not receive oxygen-enriched air 

preoperatively on regular basis. In Paper IV the patients received blood transfusion if B-

haemoglobin, g/l, was <100; for those at risk of delirium or those already delirious the limit 

was <110 g/l. In Paper III the patients received blood transfusion on an individual basis not 

according to any specific protocol.

In Paper III the orthopaedic surgeons and geriatricians co-operated in the treatment of the 

patients but in Paper IV the geriatricians had the responsibility for the patients and the 

orthopaedic surgeons came to the ward once a week for consultation. 

Control groups (Papers III and IV) 

In Paper III the control group comprised historical cohorts of corresponding patients in the 

same (control III) and other hospitals (control I and II). Controls I and II consisted of two 

studies on delirium,42, 46 one control and one medical intervention, including all patients 65 

years of age and above consecutively admitted to the Orthopaedic Department of Norrland’s 

University Hospital in Umeå. Control study I consisted of 111 consecutive patients (28 men 

and 83 women, mean age 79.3 years, range 65-95 years) operated on for femoral neck fracture 

from March 1983 to June 1984 (control I), and the second control study (II) included 103 

consecutive patients (28 men and 75 women, mean age 79.5 years, range 65-102) operated on 

for femoral neck fracture from December 1986 to January 1988.

Control study III comprised an earlier study38, 43 from the same hospital as the intervention 

study was performed in and included all patients 60 years of age and above admitted for 

treatment of femoral neck fractures. Patients with severe communication problems were 

excluded. Thirty-five patients (7 men and 28 women, mean age was 78.2, range 61-88 years) 

were included from April 1983 to May 1984.

In Paper IV the control group consisted of those patients who were randomly assigned to 

receive their postoperative care in the Orthopaedic Department according to the usual 

postoperative care routines, which included checks for e.g. oxygen saturation, haemoglobin, 
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nutrition, decubital ulcers, bladder and bowl function, home situation etc. The checks were 

not carried out according to any specific program, as in the intervention ward, and were thus 

not performed systematically. The physiotherapist on the ward worked to mobilize the 

patients together with the ordinary staff (licensed practical nurses and registered nurses). The 

occupational therapist on the ward met only those patients who were going to return home, for 

consultation about assistive devices and adjustments to the patient’s home. The patients who 

needed further in-hospital rehabilitation were admitted to a geriatric ward, but not the 

intervention ward.

Data analyses

Univariate analyses using the Pearson chi-square test, Student’s t-test and the Fisher’s exact 

test were performed to analyze group differences in Papers I-IV. In Paper III the Yates´ 

corrected chi-square was also used. A p value of <0.05 was regarded as statistically 

significant in all Papers. In Paper I variables which showed statistically significant differences 

were included in multivariate logistic regression analyses to find the factors that were 

independently associated with the development of preoperative and postoperative delirium. In 

Paper II variables showing statistically significant differences between groups were included 

in multivariate logistic regression analyses to find the factors associated with the development 

of delirium and of dementia. In Paper III a Bonferroni adjustment for multiple comparisons 

was performed. In Paper IV multivariate logistic regression analyses were used to control for 

case-mix between the control and the intervention sample. 

Ethical approval 

On admission all patients (Papers I-IV) were asked verbally (also in writing in Paper IV) if 

they were willing to participate in the study after being informed about the study and that their 

participation or refusal would not affect their medical or nursing care in any way. In those 

patients with cognitive impairment/dementia or delirium the next of kin was also asked.

The Ethical Committee of the Faculty of Medicine at Umeå University approved the studies 

(Papers I, II and IV). Paper III was performed and evaluated as a Clinical Research and 

Development project at Piteå River Valley Hospital and was approved by the hospital 

authorities there. 
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RESULTS

Delirium before and after Operation for Femoral Neck Fracture (Paper I) 

Forty-nine of the 101 patients (48.5%) were delirious on admission or developed delirium 

during their stay on the ward. Thirty of those 101 patients (29.7%) were delirious on 

admission or developed delirium before surgery, and another nineteen (18.8%) developed 

delirium postoperatively. All but one of the patients who were delirious preoperatively 

remained delirious postoperatively. Twenty-nine of the 99 patients (29.3%) whom it was 

possible to assess for more than one week had delirium or episodes of delirium during a 

period of at least one week. Twenty-three out of 28 (82.1%) who were already delirious 

before the operation were delirious for more than one week compared to only 6 out of 18 

(33.3%) who developed delirium postoperatively (p<0.001). It was not possible to assess one 

patient who was delirious preoperatively and one patient who had delirium only 

postoperatively after one week. 

A larger proportion of patients who were delirious before surgery (n=30) were demented 

(60.0% vs. 4.2%, p<0.001) and treated with drugs with anticholinergic effects (46.6% vs. 

19.7%, p=0.006) or neuroleptics (43.3% vs. 11.3%, p<0.001) compared to those who were not 

delirious preoperatively (n=71). Patients who were delirious before surgery had also had 

previous episodes of delirium (67.0% vs. 8.4%, p<0.001), had fallen indoors (90.0% vs. 

67.6%, p=0:004), seemed to fall more often during the night (35.7% vs. 18.8%, P=0.077) and 

more of them suffered from constipation (28.0% vs. 4.3%, p<0.001). Some of the patients 

were reported to have been delirious when they fell. A multivariate logistic regression 

analysis showed that dementia was the factor to be independently associated with 

preoperative delirium (odds ratio (OR)= 34.00; 95% confidence interval (CI)= 8.66-133.49, 

Model Chi-square 38.0, p<0.001, concordant 85%). 

Patients who developed delirium postoperatively (n=19) were more often male (47.4% vs. 

11.5%, p=0.001), had more perioperative blood pressure falls measured as a percentage 

(31.4±16.5 vs. 22.9±13.2, p=0.029) and seemed to have more postoperative complications 

such as infections like pneumonia (10.5%vs. 0%, p=0.069) and urinary tract infection (47.4% 

vs. 25.0%, 0.071) and depressed mood (52.1% vs. 19.2%, p=0.056) compared to those who 
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remained lucid (n=52) during their stay on the ward. Multivariate logistic regression 

modelling revealed that perioperative blood pressure falls (%) and male sex was the factors to 

be independent associated with postoperative delirium (OR=1.06; 95% CI=1.02-1.10 and 

OR=4.13; 95% CI=1.32-12.98, respectively, Model Chi-square 12.3, p=0.002, concordant 

82%).

The predisposing and precipitating factors differed between those who developed delirium 

preoperatively and those who developed delirium postoperatively (Table 8). Those who were 

delirious before surgery were more often demented, being treated with drugs with 

anticholinergic effects (mainly neuroleptics), had had previous episodes of delirium and had 

more often fallen indoors than those who developed delirium after surgery. Eighteen out of 21 

patients with dementia were delirious during their stay on the ward and all 18 were delirious 

before surgery. 

Patients who developed delirium after surgery more often had pronounced perioperative blood 

pressure falls than those who were already delirious before surgery (Table 8). The two 

multivariate logistic regression models described above confirmed that there were different 

predisposing and precipitating factors for delirium in patients who were delirious before 

surgery and those who developed delirium postoperatively. 

The outcomes also differed between those patients who were delirious before surgery and 

those who developed delirium postoperatively. Delirium that developed postoperatively 

seemed to have a shorter duration (Table 8). A larger proportion of those who developed 

delirium postoperatively could walk independently on discharge compared to those who were 

delirious before surgery. Patients who developed delirium postoperatively also had a lower 

long-term mortality than those who were delirious preoperatively (Table 8).

Delirium was more common in men (22/28, 78.6% compared to 26/73, 35.6% in women, 

p<0.001). This was true both for those with preoperative delirium and those who developed 

postoperative delirium. As shown in Table 9 the men with femoral neck fractures were in 

poorer health than the women, except that more female patients had hypertension and were 

treated with diuretics. Men also suffer more postoperative complications and had a higher 

long-term mortality.
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Table 8. Comparison between patients who developed postoperative delirium and those who were 
already delirious on admission (all of whom remained delirious postoperatively) 

 Delirious 

preoperatively

(n=29)

Delirious
postoperatively only 

(n=19)

 n(%) n(%) p-value

Age (mean,SD) 81.4±5.6 80.0±8.1 0.490 

Men 13 (44.8) 9 (47.4) 0.862 

Admitted from independent living (n=24 vs. 
19)

3 (12.5) 12 (63.2) 0.001 

Walked independently before the fracture 
(n=26 vs. 18) 

24 (92.3) 17 (94.4) 1.000 

Previous delirium 20 (69.0) 2 (10.5) <0.001

Urinary incontinence 16 (55.2) 3 (15.8) 0.013 

Dementia 18 (62.1) 0 <0.001

Drugs with anticholinergic effect 14 (48.3) 3 (15.8) 0.021 

Neuroleptics 13 (44.8) 0 <0.001

Fracture indoors, (n=27 vs.19) 27 (100)  15 (78.9) 0.024 

Fracture at night 10 (34.5) 2 (10.5) 0.086 

Cognitive testing on admission (mean,SD)* 
(n=27 vs. 19) 

25.1±9.7  3.6±3.0 <0.001

Blood pressure during operation 80 mmHg 3 (10.3) 6 (31.6) 0.065 

Blood pressure fall as percentage 
(mean,SD)

21.7±12.9 31.4±16.5 0.028 

Days of delirium (mean,SD) 3.9±1.2 2.8±1.8 0.036 

Delirium for more than one week (n=46) 23/28 (82.1) 6/18 (33.3) <0.001

Pneumonia postoperatively 6 (20.7) 2 (10.5) 0.305 

Urinary tract infection 10 (34.5) 9 (47.4) 0.372 

Length of stay in the orthopaedic 
department (mean,SD) 

11±10.8 15±9.6 0.489 

Return to independent living at discharge 
(n=3 vs. 12) 

1 (33.3) 6 (50.0) 1.000 

Regained independent walking ability on 
discharge (n=23 vs. 16) 

5 (21.7) 13 (81.2) <0.001

Regained independent walking ability at 6 
months (n=24 vs.17) 

12 (50.0) 14 (76.5) 0.028 

Dead at 3 years 21 (72.4) 6 (31.6) 0.005 

*Higher score = worse test result (range 0-36 points) 
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Table 9. Differences between males and females with femoral neck fracture 

 Men 

(n=28)

Women

(n=73)

 n(%) n(%) p-value

Age (mean,SD) 80.8±6.1 79.1±8.2 0.258 

Impaired vision 10 (35.7) 13 (17.8) 0.055 

Impaired hearing 12 (42.9) 18 (24.7) 0.073 

Dementia 9 (32.1) 12 (16.4) 0.082 

Parkinson’s disease 4 (14.3) 0 0.005 

Hypertension 1 (3.6) 25 (34.2) 0.002 

Benzodiazepines 3 (10.7) 19 (26.0) 0.095 

Diuretics 5 (17.9) 29 (39.7) 0.038 

Postoperative pneumonia 6 (21.4) 2 (2.7) 0.005 

Preoperative and postoperative delirium 22 (78.6) 26 (35.6) <0.001

Dead after 1 year 6 (21.4) 10 (13.7) 0.341 

Dead after 2 year 13 (46.4) 11 (15.1) <0.001

Dead after 3 year 18(64.3) 23 (31.5) 0.003 
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Dementia after delirium in patients with femoral neck fractures (Paper II) 

Thirty (38.5%) of the 78 non-demented patients were already delirious on admission or 

developed delirium during their hospital stay. Eleven of them were delirious preoperatively 

and all but one remained delirious postoperatively.

Patients who were delirious postoperatively (n=29) were more often men, had worse results 

on cognitive testing on admission, had previously had delirium, were diagnosed as diabetic 

and had a higher level of S-creatinine. Furthermore, a higher proportion had systolic blood 

pressure falls during the operation and postoperative complications such as pneumonia, 

urinary tract infections, depressed mood and a longer stay in hospital (15.5 days vs. 10.6 days; 

p=0.014). Multivariate logistic regression modelling revealed that systolic blood pressure falls 

to  80 mmHg during the operation, diagnosis of diabetes, worse results on cognitive testing 

on admission and male sex were the factor independently associated with postoperative 

delirium (OR=31.80; 95% CI=2.63-383.98, OR=8.08; 95% CI=1.22-53.57, OR=1.19; 95% 

CI=1.06-1.34, OR=13.35; 95% CI=2.94-60.63, respectively, Model Chi-square 40.9, p<0.001, 

concordant 84%). 

All eleven who were already delirious preoperatively developed dementia within a five-year 

period (Figure 2). Twenty out of the 29 patients (69%) who were delirious postoperatively 

developed dementia compared to 10 out of 49 patients (20%) who remained lucid after the 

operation (p<0.001). A significantly higher proportion of patients who developed dementia 

had been diagnosed as diabetics, had had previous episodes of delirium, was delirious 

postoperatively, had a longer stay in hospital and worse results on cognitive testing on 

admission compared to those who did not develop dementia. A multivariate logistic 

regression analysis resulted in three factors being identified as independently associated with 

the development of dementia. These three factors were: diabetes, postoperative delirium and 

worse results on cognitive testing on admission (OR=13.82; 95% CI= 1.35-141.12, OR=5.66; 

95% CI= 1.31-23.56, OR=1.18; 95% CI= 1.02-1.37, respectively, Model Chi-square 31.9, 

p<0.001, concordant 79%). 

Twenty-one out of 29 (72.4%) patients with postoperative delirium died within 5 years 

compared to 17/49 (34.7%) of those who remained lucid postoperatively (p=0.001). 
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Reorganization of nursing and medical care to reduce the incidence of 

postoperative delirium and improve rehabilitation outcome in elderly 

patients treated for femoral neck fractures (Paper III) 

One fifth (n=10) of the 49 patients were already delirious preoperatively, 30.6% (n=15) were 

delirious or developed delirium postoperatively but only 16.3% (n=8) remained delirious after 

one week. The absolute majority (89.3%) of those who came from independent living could 

return home and 84% could walk independently with or without walking-aids on discharge. 

The length of stay was 12.5±8.4 days (range 2-54) including the total in-hospital rehabilitation 

time.

Comparisons with control I and II. 

There were only minor base-line differences in the three groups (the intervention ward from 

Piteå River Valley Hospital and the two controls from the Orthopaedic Department at 

Norrland’s University Hospital in Umeå) of patients treated for femoral neck fractures in the 

two hospitals. For example there were more patients with impaired vision, constipation and 

receiving treatment with analgesics in the intervention sample than in the two control studies. 

When the Bonferroni correction for probabilities was made, only impaired vision remained as 

a significant difference between the samples.

The intervention resulted in a much lower incidence and a shorter duration of delirium in the 

intervention group than in either of the two control studies (Table 10). The rehabilitation 

outcome regarding walking ability and the possibility of returning home on discharge were 

much better for the intervention group despite a short total length of hospital stay (Table 10). 

It should be noted that the hospitalisation time in the two studies from Umeå includes only the 

stay on the orthopaedic ward. More than one third of the patients in both the Umeå studies 

were discharged to the geriatric rehabilitation unit. In the current intervention study the ward 

stay also included the time needed for rehabilitation. 

There were fewer complications in the intervention study than in the control studies, for 

example fewer patients suffered from urinary retention (2.0% vs. 18.9%, p=0.004) and 

decubital ulcers (0% vs. 12.6%, p=0.009) compared to control I.
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Table 10. Incidence of postoperative delirium, ward stay, walking ability, living condition and 

mortality in the intervention and the two control studies from the Orthopaedic Department at Norrland’s 
University Hospital in Umeå 

 Intervention 

(n=49)

Control I 

(n=111)

Control II 

(n=103)

 % % % p-value* p-
value

†

Preoperative delirium 20.4 33.3 29.1 0.098 0.253 

Postoperative delirium 30.6 61.3 47.6 <0.001 0.047 

Delirium 7 days 16.3 39.6 29.1 0.004 0.088 

Length of hospital stay (mean) 12.5§  17.4‡ 11.6‡   

No walking aids before fracture 38.8 77.5 64.0 <0.001 0.003 

Walking independently with or without 
walking aids on discharge 

83.8 58.3 60.2 0.002 0.005 

Walking independently with or without 
walking aids at six months 

80.5 75.3 77.8 0.509 0.726 

Independent living before fracture 57.1 47.7 56.3 0.273 0.923 

Proportion returning to independent living 
on discharge 

89.3 62.3 53.4 0.010 0.001 

Proportion still living independently at six 
months

80.0 71.7 75.9 0.979 0.659 

In-hospital mortality 2.0 2.7 5.8 0.805 0.298 

Six-month mortality 16.3 16.2 12.6 0.986 0.536 

* The difference between Control I and the intervention. 
† The difference between Control II and the intervention. 
§ Also includes the rehabilitation time  
‡ Only the orthopaedic ward stay

Comparison with control III 

There were no significant differences between the intervention sample (cared for in the ward 

of acute rehabilitation) and the control sample (cared for in a ward of general surgery) from 

the same hospital regarding the clinical characteristics of the patients (e.g. previous 

concurrent diagnoses such as dementia or stroke and regular use of drugs such as neuroleptics 

and benzodiazepines). 

The difference in postoperative delirium (42.9% vs 26.7%) does not reach statistical 

significance (Table 11). However, the difference in rehabilitation outcome was significantly 

better for the patients in the intervention study. A larger proportion could return home directly 

and a larger proportion could walk independently on discharge despite a short total length of 

hospital stay (Table 11). It should also be noted that in this control study almost half the 

patients were discharged to the geriatric clinic for rehabilitation. During the intervention study 
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all patients received all their rehabilitation in the same ward and no patient was discharged for 

rehabilitation elsewhere. 

Table 11. Incidence of postoperative delirium, ward stay, walking ability and living condition in 
the intervention and the Piteå control study 

 Intervention 

(n=45)

Control III 

(n=35)

 % % p-value

Postoperative delirium 26.7 42.9 0.129 

Length of hospital stay (mean) 12.9* 12.8†  

No walking aids before fracture 40.0 45.7 0.608 

Walking independently with or without walking aids 
on discharge 

88.6 60.0 0.003 

Walking independently with or without walking aids 
at six months 

84.6 78.2 0.482 

Living independently before fracture 60.0 77.1 0.104 

Proportion returning to independent living on 
discharge

92.6 33.3 0.018 

Proportion still living independently at six months 84.6 78.2 0.482 

* Also includes the rehabilitation time 
† Only the orthopaedic ward stay
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Prevention and treatment of postoperative delirium in old people with 

femoral neck fracture – a randomized controlled trial (Paper IV) 

Fewer intervention patients than controls were delirious postoperatively (56/102, 55% vs. 

73/97, 75%, p=0.003) and the duration of postoperative delirium was also shorter (5.0±7.1 

days vs. 10.2±13.3 days, p=0.009) (Table 12). None of the intervention patients was delirious 

at discharge (p<0.001). Eighteen percent of intervention patients were delirious after the 

seventh postoperative day compared with 52% of the controls (p<0.001). 

Intervention patients suffered fewer complications during hospitalization and complications 

were more common among patients with postoperative delirium (Table 13). 

More assessments of underlying causes of delirium were documented in the nurses’ records in 

the intervention ward compared to in the control ward (2.28±1.25 vs. 0.90±0.90, p<0.001). 

Similarly more treatments (1.69±1.56 vs. 0.56±0.98, p<0.001) for underlying causes of 

delirium were also documented. Delirious control patients on the other hand were more often 

given sedatives (20/48, 41.7% vs. 6/39, 15.4%, p=0.008) and opioid drugs (29/47, 61.7% vs. 

12/39, 30.8%, p=0.004) on demand than those in the intervention ward. 

Intervention patients had a shorter total postoperative hospitalization (28.0±17.9 days vs. 

38.0±40.6 days, p=0.028) than controls, which was also true for intervention patients with 

postoperative delirium (31.4±19.3 days vs. 43.6±42.7 days, p=0.032). Delirium per se was 

associated with prolonged hospitalization. Similar proportions of patients could return to their 

previous places of residence on discharge despite the shorter ward stay (Table 13). Mortality 

during hospitalization and at the 4- and 12-month follow up did not differ significantly 

between the intervention and control samples (data not shown). 

All differences between the intervention and control wards remained unchanged even when 

adjustment was made for a different case-mix in the two wards (Table 14). 
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The duration of postoperative delirium in patients with dementia in the intervention ward was 

3.2±4.1 days compared to 12.8±17.6 days in the control ward (p=0.003). In addition, 15 

patients with dementia in the control ward were still delirious on discharge in contrast to none 

from the intervention ward (p<0.001). 

Table 12. Delirium in patients on the intervention ward vs. the control ward. 

 All patients  Patients delirious 
postoperatively

Intervention
ward

(n=102)

Control
ward

(n=97)

Intervention
ward

(n=56)

Control
ward

(n=73)

Characteristics n (%) n (%) p-
value

n (%) n (%) p-
value

Delirium during 
hospitalization 

59 (58) 74 (76) 0.006    

Delirium preoperatively 

n=101, 97 vs. 55, 73 

22 (22) 30 (31) 0.144 19 (35) 29 (41) 0.549 

Delirium only 
preoperatively

n=101 vs. 97 

3 (3) 1 (1) 0.621    

Delirium only 
postoperatively

37 (36) 44 (45) 0.192 37 (66) 44 (60) 0.500 

Delirium on day 1

n=101, 96 vs. 56, 73 

39 (39) 70 (73) <0.001 39 (70) 70 (96) <0.001

Delirium on day 2 
n=100, 94 vs. 56, 72 

32 (32) 69 (73) <0.001 32 (57) 69 (96) <0.001

Delirium on day 3 
n=100, 93 vs. 56, 71 

30 (30) 64 (69) <0.001 30 (54) 64 (90) <0.001

Delirium on day 4 
n=100, 92 vs. 56, 70 

24 (24) 51 (55) <0.001 24 (43) 51 (73) 0.001 

Delirium on day 5 
n=100, 90 vs. 56, 68 

24 (24) 46 (51) <0.001 24 (43) 46 (68) 0.006 

Delirium on day 6 
n=100, 88 vs. 56, 66 

14 (14) 32 (36) <0.001 14 (58) 32 (48) 0.008 

Delirium on day 7 
n=98, 87 vs. 55, 66 

12 (12) 32 (37) <0.001 12 (22) 32 (48) 0.002 

Delirium after day 7 
n=100, 87 vs. 56, 66 

18 (18) 45 (52) <0.001 18 (32) 45 (68) <0.001

Delirium on discharge  0 20 (21) <0.001 0 20 (27) <0.001

Duration of delirium in 
days, mean±SD 

2.7±5.6 7.7±12.3 <0.001 5.0±7.1 10.2±13.3 0.009 
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Table 13. Diagnoses and presenting symptoms for study patients during hospitalization. 

 All patients  Patients delirious 
postoperatively

Intervention
ward

(n=102)

Control
ward

(n=97)

Intervention
ward

(n=56)

Control
ward

(n=73)

Characteristics n (%) n (%) p-value n (%) n (%) p-value

Anemia

n=102, 96 vs. 56, 73 

88 (86) 79 (82) 0.441 50 (89) 61 (84) 0.352 

Constipation  38 (37) 47 (47) 0.110 25 (45) 37 (51) 0.496 

Decubital ulcers

n=102, 95 vs. 56, 72 

9 (9) 21 (22) 0.010 6 (11) 17 (23) 0.059 

Depression

n= 101, 97 vs. 56, 73 

50 (50) 53 (55) 0.470 34 (61) 46 (63) 0.790 

Diarrhoea

n= 102, 96 vs. 56, 73 

22 (22) 26 (27) 0.365 12 (21) 23 (32) 0.202 

Heart failure

n= 101, 95 vs. 55, 72 

6 (6) 11 (12) 0.161 4 (7) 9 (13) 0.336 

Infections:        

Pneumonia  5 (5) 3 (3) 0.722 4 (7) 3 (4) 0.467 

Urinary infection 

n=102, 96 

vs. 56, 73 

32 (31) 49 (51) 0.005 22 (39) 44 (60) 0.018 

Other infections 

n=101, 96 

vs. 55, 73 

18 (18) 17 (18) 0.983 12 (22) 14 (19) 0.713 

Sleeping problems  28 (28) 44 (45) 0.009 16 (29) 37 (51) 0.011 

Myocardial infarction  2 (2) 4 (4) 0.436 2 (4) 2 (3) 1.000 

Nutritional
complications

25 (25) 37 (38) 0.038 17 (30) 33 (45) 0.086 

Pulmonary embolism  2 (2) 0 0.498 1 (2) 0 0.434 

Stroke  0 1 (1) 0.485 0 1 (1) 1.000 

Stomach ulcers

n=101, 97 vs. 55, 73 

3 (3) 4 (4) 0.717 1 (2) 3 (4) 0.634 

Urinary retention  16 (16) 18 (19) 0.591 13 (23) 15 (21) 0.716 

Falls  12 (12) 26 (27) 0.006 10 (18) 25 (35) 0.034 

MMSE*, mean±SD 

n=93, 90 vs. 56, 69

17.4±8.2 15.7±9.1 0.192 14.8±7.2 12.5±7.9 0.094 

OBS Scale*
,
 **, 

mean±SD, n=94, 90 vs. 
55 ,69 

10.1±10.8 12.5±11.4 0.148 13.2±10.2 15.9±10.9 0.157 

GDS-15*, mean±SD 

n=81, 68 vs. 46, 48

5.2±3.6 4.5±3.5 0.271 5.7±3.9 5.2±3.7 0.464 

Length of hospital stay, 
mean±SD

28.0±17.9 38.0±40.6 0.028 31.4±19.3 43.6±42.7 0.032 

Return to own 
house/apartment on 
discharge

n=64, 55 vs. 31, 35 

48 (75) 37 (67) 0.352 18 (58) 18 (51) 0.589 

* Assessed at day 3-5 postoperatively 
** Disorientation subscale (higher score indicates increased disorientation)
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Table 14. Multivariate logistic regression analysis to control for baseline differences between 
the postoperative delirious patients in the intervention and control wards. Included variables: 
dementia, ward, age, sex and the variable (depression) that differed between the intervention 
and control sample. 

Independent variable OR 95%CI 

Dementia 3.51 1.53-8.00 

Ward 2.81 1.43-5.52 

Depression 1.20 0.92-3.98 

Age 1.07 1.01-1.13 

Male sex 1.87 0.86-4.08 

Model Chi-square 37.43; p<0.001, concordant 68.5%.
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DISCUSSION

This thesis shows that pre- and postoperative delirium in old patients suffering femoral neck 

fracture is common and appears to be associated with a variety of risk factors. A large 

proportion of those delirious before surgery were demented, being treated with drugs with 

anticholinergic properties (mainly neuroleptics), had had previous episodes of delirium and 

had fallen indoors. Patients who developed postoperative delirium had perioperative falls in 

blood pressure and seemed to have more postoperative complications, such as infections 

(Paper I). This thesis also shows that a large proportion of patients who are delirious during 

treatment for femoral neck fracture, develop dementia and have a higher mortality rate than 

those who are not delirious (Paper II). Furthermore, this thesis shows that postoperative 

delirium can be successfully prevented and treated which also results in fewer in-hospital 

complications, a shorter period of hospitalization and an improved rehabilitation outcome 

(Papers III and IV). 

Predisposing and precipitating factors for delirium 

Preoperative delirium in Paper I was associated with pre-existing dementia, treatment with 

drugs with anticholinergic effects (mainly neuroleptics) and previous episodes of delirium. 

This indicates that the majority of those patients had a prefracture organic brain disorder or 

were being treated with drugs that interfere with higher cortical functions.65 Due to 

multicollinearity it is not possible to decide which of neuroleptics or drugs with 

anticholinergic properties that was the most important risk factors, after dementia, for 

preoperative delirium. Neuroleptics might have been prescribed for treatment of delirium 

prefracture and can thus be a confounder rather than a risk factor for delirium. Constipation 

was also associated with preoperative delirium. Taking drugs with anticholinergic effects is a 

well-known risk factor for both delirium and for constipation.111 This result supports the 

opinion that prescribing drugs with anticholinergic properties should be avoided in old people 

and especially in patients with dementia. Patients with preoperative delirium had more often 

fallen indoors and seemed to fall more often during the night. Some of the patients were also 

reported to have been delirious when they fell. In a previous paper describing an intervention 

to combat delirium it was found that injurious falls were reduced when the incidence of 

delirium was reduced, indicating that delirium is an important risk factor for falls.46 Another 

recently published study found that delirium were the most common precipitating symptom 
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among those who fell in residential care facilities.30 In Paper IV it was found that reduced 

duration of delirium was also associated with fewer falls during hospitalization. 

Severe perioperative falls in blood pressure, which could be partly prevented by properly 

performed anesthesia, seemed to contribute to postoperative delirium. This has also been 

shown in previous papers.37, 46

Few studies have focused on preoperative delirium and its predisposing factors. One study 

which excluded those with dementia found that preoperative delirium was associated with 

age, heart failure and previous stroke.36 Another study found that those with preoperative 

delirium were older, had lower prefracture mobility and were more cognitively impaired than 

those who developed delirium postoperatively.53 This study also showed that predisposing 

factors for developing preoperative delirium were dementia, prefracture mobility and low 

MMSE score. Studies on postoperative delirium have either excluded patients with 

preoperative cognitive impairment or analyzed risk factors for postoperative delirium 

regardless of whether the patients were delirious preoperatively.27, 34, 36, 37, 39, 57 The 

precipitating factor for postoperative delirium found in Paper I was perioperative hypotension 

and male sex. Previous studies in hip fracture patients37, 42 have shown that postoperative 

delirium was associated with other perioperative complications such as infections and 

hypoxemia. One probably explanation that those precipitators for delirium were not found in 

Paper I was that the patients were included in an intervention program. That intervention 

aimed at prevention and treatment of delirium by means of oxygen therapy, early surgery, 

prevention and treatment of perioperative falls in blood pressure and treatment of 

postoperative complications such as infections.46 This earlier paper46 and other studies have 

shown that perioperative hypotension, anaemia and hypoxemia, all factors endangering the 

oxygenation of the brain, seem to be both important and preventable precipitating factors for 

postoperative delirium after various types of hip surgery.37, 46, 61 Postoperative complications, 

such as infections, are also important and treatable precipitating factors for postoperative 

delirium.46, 61 A large proportion of hip fracture patients seem to have fallen due for example 

to urinary tract infections30, 31 but many of these infections are neither detected nor treated 

preoperatively.

Men, in comparison to women, seem to be at a higher risk of developing delirium both 

preoperatively and postoperatively in this study, which can only be partially explained by the 

fact that the males seem to be more frail, as is also demonstrated by the higher long-term 

mortality among the men. The poorer outcome for men might at least partly be caused by the 

higher incidence of delirium.
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There is to date only one other study that has found that male patients have a higher risk of 

developing delirium among studies on patients with hip fracture.57

Outcome of delirium 

A larger proportion of those who only developed delirium postoperatively, reported in Paper 

I, regain independent walking ability compared to those who were delirious before surgery. 

The poorer rehabilitation prognosis, for those with preoperative delirium, is probably due to 

their pre-fracture clinical characteristics, such as a pre-existing dementia. This is in 

accordance with two previously published studies which showed that delirium preoperatively 

was associated with dementia and with adverse functional recovery.36, 53 One of the studies36

excluded patients with a preoperative dementia diagnosis but both studies showed that 

preoperative delirium was associated with poor functional recovery. Since in many cases, 

according to Paper II, delirium might be an early sign of an undetected dementia it is not 

surprising that delirious patients have a poorer long-term prognosis. 

Dementia and mortality 

The main finding in Paper II is that a large proportion of patients who were delirious when 

treated for femoral neck fracture, have developed dementia after five years and had a higher 

mortality rate than those who were not delirious. Furthermore, patients with diabetes, the 

majority with vascular co-morbidity, were also found to have an increased risk of developing 

dementia. This association has recently been confirmed by the findings of the Kungsholmen 

project.112

The finding, that a large proportion of patients with delirium developed dementia, is similar to 

the results from other recently published studies.78, 81, 82 None of these studies included 

patients with preoperative and/or postoperative delirium. However in a study, among non-

demented patients with a hip fracture, it was shown that patients with delirium on admission 

to hospital were nearly twice as likely to be cognitively impaired at a two-year follow up.36

The finding, in Paper II, that those who were already delirious on admission or developed 

postoperative delirium have significantly worse test results concerning recognition and 

orientation on admission might indicate that preoperative and/or postoperative delirium can 

sometimes be a marker of undetected or undiagnosed organic brain disorder. 
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The finding that patients with femoral neck fractures who were delirious postoperatively had 

an increased risk of developing dementia and a higher mortality rate raises the question of 

whether postoperative delirium is a marker of undetected dementia and/or whether prevention 

of postoperative delirium can reduce the risk of developing dementia. The possibility cannot 

be excluded that postoperative delirium, which seems to be precipitated by potentially brain 

damaging mechanisms, may contribute to the development of dementia. It has been shown for 

example that prevention of falls in systolic blood pressure and cerebral hypoxia can prevent 

patients from becoming delirious postoperatively. It is not known, however, whether these 

interventions have any impact on the development of dementia. It is important to observe that 

half the patients with postoperative delirium in Paper II did not develop dementia during the 

5-year follow-up period, which confirms that delirium is a reversible condition at least if it is 

reversed quite quickly. 

Prevention and treatment of delirium 

The aim of Paper III was to investigate the effects of an intervention program on delirium and 

its associated complications in patients treated for femoral neck fractures. The most important 

results were the lower incidence and the shorter duration of delirium compared to other 

previous studies. There were also fewer postoperative complications of other kinds and a 

larger proportion of patients could return to their previous dwellings and walk independently 

with or without walking-aids on discharge, after a short total hospitalization time. 

Unfortunately it was not possible to perform this intervention study (Paper III) as a 

randomized controlled trial for organisational reasons in the hospital. The second intervention 

study (Paper IV), based on the same program, was therefore performed and evaluated as a 

randomized controlled trial. 

A multi-factorial program with systematic assessment, prevention and treatment of 

complications causing or prolonging delirium such as urinary tract infections, hypoxemia, 

anaemia, constipation and nutritional complications might have contributed to the shorter 

duration of delirium in the intervention studies. This in turn probably contributed to the 

reduced incidence of postoperative complications such as falls and decubital ulcers, which in 

fact mainly occurred in delirious patients. The lower incidence of such complications might 

also have contributed to the shorter period of hospitalization. The patients in the intervention 

groups were cared for by a geriatric team working according to a protocol designed to 
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prevent, detect and treat postoperative delirium. As seen in Paper IV, it seems that patients 

with dementia have benefited the most from the intervention program. They probably have 

the lowest threshold for delirium, but delirium is probably in general often regarded as an 

unavoidable part of the dementia syndrome. This view, alas, does not encourage any 

assessment being made of underlying preventable and treatable causes of the delirium or the 

necessary actions being taken. This neglect gives rise to unnecessary morbidity and incurs 

costs. In the intervention ward in Paper IV delirium was also regarded as a complication with 

an underlying cause also in patients with dementia. A more widespread application of basic 

geriatric principles in surgical wards would no doubt have a great impact from both a 

humanitarian and an economic point of view.

All femoral neck fracture patients in Paper III were admitted to the geriatric rehabilitation unit 

from the emergency ward and after the operation the patients returned to the same ward and 

even to the same room and remained there until discharged from the hospital. All patients in 

Paper IV were admitted to the orthopaedic ward from the emergency room and were 

randomized immediately before surgery to ensure the same preoperative treatment. The 

preoperative care in Paper IV unfortunately was not always carried out according to the 

protocol, resulting for example in a mean waiting time for operation of more than one day 

(mean) (24.7±16.6 hours), which might have contributed to the high incidence of preoperative 

delirium. Some patients were also admitted to other hospital wards preoperatively, due to lack 

of beds in the orthopaedic department, which might also have prolonged the waiting time for 

the operation and resulted in treatment not being performed according to the preoperative 

treatment protocol. The oldest and frailest patients should have surgical priority and this is 

perhaps easier to implement in a small hospital with a smaller catchment area, as there are, for 

example, fewer different kinds of operations to compete with, compared to the situation in a 

university hospital. The hip fracture surgery in a university hospital, as in Paper IV, has to 

compete with more kinds of surgery than in a smaller hospital, as in Paper III. If the patients 

with a high risk of delirium are not given priority care the increased risk of complications will 

increase hospitalization and costs. If the humanitarian and medical arguments do not convince 

hospital managers, the obvious economical incentives should do so. 

When analyzing the nurses’ records in Paper IV it was found that in the control ward, nurses 

administered more sedative drugs and analgesics when the patients were delirious. Patients 

inevitably have some degree of pain after an operation, but if the patients were worried, 
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restless, in excessive pain or delirious the reason for them being in this state was not 

investigated. Instead delirious patients in the control ward were frequently treated with 

analgesics and sedative drugs. One side effect of analgesics can be delirium but on the other 

hand severe pain can also contribute to the development of delirium.55 From this perspective 

nurses and physicians have a responsibility to investigate why the patients are delirious, 

worried or in pain and assess them for underlying causes, and the physician has the 

responsibility to prescribe adequate treatment for any underlying causes before relieving the 

symptoms. Pain after fracture surgery cannot be entirely avoided but since the demented or 

delirious patient has difficulties communicating, it is important that this problem is properly 

addressed in acute surgical/orthopaedic wards. 

In contrast to the nurses in the control ward the nurses in the intervention ward documented a 

more systematic assessment and treatment of the underlying causes of delirium. There were 

only a few patients who received symptomatic treatment with e.g. sedative drugs or analgesics 

in the intervention ward. Symptomatic treatment may have disguised acute symptoms of 

disease especially in the control ward and thus led to a delay in the adequate diagnosis and 

treatment of complications. 

It seems that the different assessment and treatment strategies in the two wards probably have 

contributed to the shorter duration of delirium, fewer complications and shorter 

hospitalization experienced in the intervention ward. 

Methodological considerations and limitations 

It is difficult to differentiate between dementia and delirium and it is especially difficult in a 

given situation to decide whether or not a delirious patient has an underlying dementia 

disorder.13, 113 However, the patients in Papers I and II were observed over a period that was 

long enough to allow for the detection of changes in their mental state and they were tested 

with the OBS Scale several times. Their prefracture mental state was also assessed by means 

of interviews with relatives or caregivers and their medical records were studied. 

Simultaneously with this study, the authors YG, GB and BB were collaborating in another 

study, using the same OBS Scale. In that study their agreement was above 95% on all 

occasions regarding the diagnoses of dementia and delirium.20, 101 The three authors had also 

cooperated in two previous studies were the interrater reliability of each sub-scale of the 

modified OBS Scale was tested and the agreement then between the assessors (YG, GB and 

BB) was higher than 90% in both studies.37, 42 In a third study where two of the authors (BB 



60

and YG) cooperated the interrater reliability was above 95% between the assessors.38, 43 The 

diagnoses of delirium and dementia fulfilled the DSM-IV criteria. In Papers I and II, one of 

the authors (YG) performed the great majority of the ratings with the OBS Scale, and the 

remainder of the ratings were made by the co-authors GB and BB. The patients were also 

followed for five years and all survivors were tested using the OBS Scale and MMSE. Some 

of the delirious patients might have had a ”preclinical” Alzheimer disease since they later 

developed cognitive impairment with social consequences and fulfilled the DSM-IV criteria 

for dementia. These procedures support the reliability of the delirium and dementia diagnoses, 

and may also support the high percentage of delirium found in Papers I and II. 

The method used in Paper II to detect the development of dementia after surgery for hip 

fracture might lead to an underestimation of the incidence of dementia, since not all patients 

were cognitively tested before they died. This is probably especially true of patients with 

delirium since this group had a higher mortality rate meaning that fewer were assessed before 

they died and that they also had a shorter observation period in which to develop dementia. 

However, comprehensive information was found in the medical records and in the nurses’ 

documentation about the patients’ cognition and behaviour during their hospital or nursing-

home care before they died. A large proportion of patients who died showed terminal 

cognitive decline but cognitive decline during the last month before death was not diagnosed 

as dementia. Dementia diagnoses in the death certificates in some cases were also verified by 

post-mortem histopathology of the brain. 

In Paper III the patients were systematically assessed using the OBS Scale and observed 

during a period of time long enough to allow detection of changes in their mental state. Their 

pre-fracture mental state was also assessed by means of interviews with relatives or caregivers 

and from their medical records. As the four co-workers who assessed all the patients were 

employed on the ward, the patients were observed almost every day of the week and in 

addition other members of the staff were interviewed regarding e.g. diurnal variation. 

In Paper III, from a methodological point of view, a randomised experimental study would 

have been preferable to the use of historical controls. However, the total reorganisation of the 

hospital made this impossible. Thus, because of the method used, the results should be 

interpreted with some caution. However, during the intervention study and the three Swedish 

control studies,38, 42, 46 the routines from admission to discharge were carefully observed and 

no differences between the study periods have been found, other than those described in the 
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intervention program. It should also be observed that the patients in the various studies are 

comparable regarding most of the relevant background variables. During all four Swedish 

studies (present intervention and the three Swedish control studies38, 42, 46) the patients were 

observed and tested using the same methods and at similar intervals and the diagnosis of 

delirium was made by the same physician. The caregivers were also interviewed about the 

patients at similar intervals and to the same extent in all these studies.

Fortunately, the opportunity to evaluate the program in a randomized controlled trial came 

some years later, which resulted in Paper IV. 

In Paper IV the patients were only tested once between days 3-5 postoperatively using the 

modified OBS Scale but changes in the patient’s mental state were also documented in the 

nurses´ and medical records. The two nurses employed by the study worked in the 

intervention and control ward respectively. One registered physiotherapist was employed half-

time in the study and half-time on the intervention ward and one occupational therapist was 

employed full time in the project, for assessing the patients. The patients were thus observed 

almost every day of the week and other members of the staff were also interviewed regarding 

e.g. diurnal variation. The terminology used for documenting symptoms of delirium in the 

records was not always consistent. This varying terminology might have led to both an 

overdiagnosis and an underdiagnosis of delirium. Previous studies have reported poor 

documentation and an underdiagnosis of delirium, based on documentation in the records.10, 51

Therefore, if anything, the interpretation of the results is that there is probably some 

underestimation of the incidence and prevalence of delirium in Paper IV. 

To achieve a correct diagnosis of delirium in the two groups a geriatrician, who did not work 

on any of the wards, and who did not know to which group the patients were randomized, 

decided whether the patients were delirious or not according to the documented assessments 

performed by the two study nurses. The two nurses carried out the assessments in patients on 

the ward where they did not work. Our interpretation therefore is that we have reduced the 

risk that the effect of the intervention could be due to different assessment routines in the two 

groups or that the nurses assessed patients in their own department. 

Since the staff in the control ward in Paper IV knew about the evaluation of the intervention 

but did not know the content of this intervention, the effect could not be explained by the 

common study effect alone. Nor could the effect be explained by increased staffing in the 

geriatric ward since there was almost no difference in this respect between the wards. 
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The study in Paper IV showed a higher frequency of delirium in both the intervention (58%) 

and the control group (76%) compared to the non-randomized intervention study (31%) 

performed at the Piteå River Valley Hospital. The higher frequency of delirium was perhaps 

partly due to that the sample in the second intervention study (Paper IV) had a higher mean 

age (82.2±6.2 vs. 79.7±7.5) and that a larger proportion of the patients had dementia (32% vs. 

22%). Another probable explanation for the difference in the occurrence of delirium between 

the two intervention studies could be that the patients in Paper IV a had longer waiting time 

for operation than the patients in Paper III (24.7±16.6 hours vs. 17.8±19.7 hours, p=0.014) 

which together might have contributed to the high proportion of preoperative delirium in 

Paper IV. A further explanation could be that in Paper IV 56% of the patients had arthroplasty 

and in Paper III all patients had internal fixation with von Bahr screws which means that a 

larger proportion of the patients in Paper IV had more extensive operations. Furthermore, we 

cannot exclude the possibility that the change of ward immediately after the operation for 

patients in the intervention group may have contributed to the continuing high prevalence of 

delirium in the intervention ward in Paper IV. 

Several studies with a lower incidence of delirium have often excluded patients with dementia 

or aphasia or patients with signs of cognitive impairment or delirium on admission, which 

will inevitably result in a lower incidence of delirium.27, 33, 34, 39, 48 The study in Paper IV had 

several patients who were not included which is a disadvantage. Twenty-one of those suffered 

their fracture in other hospital wards and was not detected by the study staff until it was too 

late for randomization. Another 27 non-randomized patients occurred because inclusion 

routine failed. This could partly be explained by the large number of people working at the 

Emergency Department and the Orthopaedic Department. It is difficult to organize the whole 

staff to work for the best interests of the study, since new members of staff are constantly 

being employed. As mentioned earlier, missing cases seem to have been more often admitted 

from their own apartment/house and were more likely to be males. They seemed to be 

healthier and they could have reduced the proportion of delirious patients if they had been 

included in the study. 

When comparing the two interventions (Papers III and IV) it seems that the effects of the 

intervention program in Paper III were better than those of the intervention program in Paper 

IV e.g. lower prevalence of delirium (31% vs. 58%), fewer complications (e.g. decubital 

ulcers 0% vs. 9% and urinary retention 2% vs. 16%) and more patients could return to their 
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previous independent living on discharge from hospital (89% vs. 75%). This could partly be 

explained by the fact that the intervention program in Paper III included both postoperative 

and preoperative care. The intervention program in Paper IV included only postoperative care. 

Thus the patients in Paper III received all their pre- and postoperative care on the same ward 

and even in the same room. The intervention patients in Paper IV received their preoperative 

care at the orthopaedic department and the postoperative care in a geriatric unit specializing in 

geriatric orthopaedic patients. 

Multi-factorial and multi-professional interventions 

The two intervention studies (Papers III and IV) in this thesis show that postoperative 

delirium can be successfully prevented and treated resulting in a shorter total period of 

hospitalization and an improved rehabilitation outcome. Several other intervention studies 

have also shown that postoperative delirium after hip fracture surgery can be prevented and 

treated.39, 46, 50, 61 However, only one of the previous studies has been evaluated as a 

randomized study and it seems that the present multi-factorial and interdisciplinary 

intervention programs have better effects than the intervention in that study.61

The content of the intervention studies in Papers III and IV was based on a modified 

theoretical model of possible pathophysiolocal mechanisms of delirium in patients with hip 

fracture. The original model was presented in a thesis by Gustafson114 and has been slightly 

modified in the present thesis (Figure 3).

The intervention programs have focused as far as possible on all steps in the model: 

1. Prevention of hypoxia by measuring saturation and supplying oxygen enriched air if 

necessary. Prevention and treatment of anaemia by providing blood transfusions. Prevention 

and treatment of perioperative hypotension to maintain cerebral perfusion and oxygenation. 

2. Prevention of hypercortisolism by avoiding stressful situations for the patients and by 

preventing complications. Creating opportunities for the patients to be orientated as to day, 

time and person by ensuring the presence of e.g. clocks, calendars, mirrors and good lighting. 

3. Breaking the vicious circle of delirium by creating a safe and secure environment and 

ensuring that the delirious patients can rest e.g. by prescribing sedatives preferable 

clomethiazol.

4. Prevention, detection and treatment of complications such as hypotension, pain, urinary 

retention, decubital ulcers, falls, and infections such as urinary tract infection and pneumonia. 

5. Avoiding to prescribe drugs with anticholinergic effects. 
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6. All meals supplied to contain proper nutritional value, individually adjusted for each 

patient. Nutritional and protein drinks, as a nutritional supplement, supplied to all patients 

every day. 

7. Early mobilization and rehabilitation, which is an important part of preventing 

complications thus probably leads to a reduction of stress. 

This intervention complies with various professions aspects of good care. To comply with all 

steps in the model the patients needs to be cared for by a multi-professional team.

To be successful, intervention programs seem to have to be multi-factorial and 

interdisciplinary and include the assessment and treatment of underlying causes as well as the 

prevention and treatment of factors endangering cerebral metabolism. Excellent nursing care 

also seems to be a prerequisite for a successful intervention.39, 50 The present interventions 

were multi-factorial and also involved the entire staff (RN, LPN, RPT, Reg. OT, Dietician, 

Social Worker, Geriatrician and Orthopaedic Surgeon), which may explain the positive 

results.

Successful intervention programs among patients in general internal medicine have also been 

multi-factorial and interdisciplinary. One such successful intervention study which included 

patients admitted to general internal medicine was a multi-factorial intervention.87 It resulted 

in a reduction of the duration of delirium, length of hospital stay and in-hospital mortality in 

delirious patients. Another of these successful intervention studies on medical in-patients was 

a multi-component risk-factor intervention study aimed at preventing the development of 

delirium in older patients and resulted in a reduction in the number and duration of episodes 

of delirium.84

Interventions including only single measures, such as staff education have not proven 

effective.115 Nor have interventions based only on consultations or guidelines had any major 

impact if they did not involve all the staff and several aspects of caring for the patients.83, 85, 86, 

116 It seems that the most effective interventions have been performed in wards that included 

staff with geriatric competence46, 50, 61, 84 which is also supported by the results from Papers III 

and IV. The most successful intervention programs have included several aspects of good 

medical and nursing care and the total effect of the multi-factorial intervention program seems 

to be greater than the sum of the separate parts. 
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Figure 3. A simplified model for the possible pathophysiology of delirium in old patients. 

Modified with permission of Gustafson (1991).114
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GENERAL CONCLUSIONS 

Pre- and postoperative delirium is common and seems to be associated with different risk 

factors. The results from this study stress the importance of identifying the risk factors for 

delirium and the mechanisms involved in the development of delirium. The variety of 

factors associated with preoperative and postoperative delirium imply the need for a 

variety of strategies for prevention and treatment.

Delirium is associated with the development of dementia and a higher mortality rate. 

Patients who develop delirium should therefore be assessed for any underlying organic 

brain disease since new prevention and treatment opportunities for dementia, both vascular 

and degenerative, are available which might postpone the progression of the disease.

Postoperative delirium can be successfully prevented and treated by a team applying 

comprehensive geriatric assessment, management and rehabilitation. A reduced incidence 

of delirium results in fewer complications and a shorter hospitalization period.

Successful intervention programs seems to have to be multi-factorial and interdisciplinary 

and include geriatric competence, assessment and treatment of underlying causes as well as 

the prevention and treatment of factors endangering the cerebral metabolism. 

Implementing this inexpensive intervention program will probably have a great 

humanitarian and economic impact and is probably applicable to surgery on old people in 

general.

The high prevalence of delirium in Paper IV (both control and intervention) might indicate 

that the intervention program in Paper III, which also included preoperative care, might 

have been even more effective than the postoperative intervention in Paper IV. 
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Clinical implications and implications for future research

Delirium seems to be one of the most important predictors of outcome for the old patient with 

a fractured hip. The results from Paper I stress the importance of identifying the risk factors 

for delirium and the mechanisms involved in the development of delirium. The various factors 

associated with preoperative and postoperative delirium imply the need to use a variety of 

strategies for prevention and treatment. As delirium, by definition, has identifiable causes and 

is reversible, greater efforts should be made in the care, assessment and treatment of these 

patients.

Postoperative delirium may be an early sign of dementia and/or it may contribute to the 

development of dementia. Several studies have shown that postoperative delirium can be 

prevented and treated but whether or not it has any impact on the development of dementia 

remains unknown. More research in the field is needed. Nevertheless, patients who develop 

delirium should be assessed for any undetected, underlying organic brain disease since new 

prevention and treatment opportunities for dementia, both vascular and degenerative, are 

available which might postpone the progression of the disease.

Today, in industrialized countries most surgical hospital beds are occupied by old people–an 

increasing trend worldwide. The intervention studies in this thesis show that postoperative 

delirium can be successfully prevented and treated by a team applying comprehensive 

geriatric assessment, management and rehabilitation. A reduced incidence of delirium results 

in fewer complications and shorter hospitalization. Implementing this inexpensive 

intervention program will probably have a great humanitarian and economic impact and 

would probably be applicable to surgery on old people in general. Therefore, the organization 

of surgical wards should be reconsidered and adapted to the needs of the oldest and most frail 

patients.

However, even if the intervention studies in this thesis show that delirium can be successfully 

prevented and treated, the prevalence of delirium remains too high. Further research into the 

evaluation of intervention programs for the prevention and treatment of delirium is necessary 

e.g. a more efficient prevention of hypoxemia and of hypercortisolism. Perhaps drugs to 

reduce the oxygen metabolism of the brain and drugs for the treatment of hypercortisolism 
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may be an option in the future. Research into how to improve prevention of other 

complication is also needed. More research is also needed concerning the pathophysiology of 

delirium which in turn is a prerequisite for a more effective pharmacological treatment of 

delirium.



69

ACKNOWLEDGEMENTS

This study was carried out at the Department of Community Medicine and Rehabilitation, 
Geriatric Medicine, Umeå University, Umeå, Sweden. I wish to express my warmest gratitude 
to everyone who has helped me to complete this work. 

I wish especially to express my sincere gratitude to:

Yngve Gustafson, my supervisor, mentor and friend, for introducing me to the fascinating 
world of research. For your great enthusiasm and willingness to share your devotion to older 
people and for giving me the confidence, encouragement and opportunity to enter the 
interesting research field of delirium. 

Stig Karlsson, my co-supervisor, for your scientific guidance, inspiration, support, 
encouragement and friendship. For useful advise throughout the process and for always taking 
time to help me when I needed it. 

Gösta Bucht, my co-supervisor, for your support, encouragement, constructive advice and 
interest in my work. 

Agneta Edlund, my dear friend, colleague and co-author, thank you for your encouragement, 
support and for the many discussions about work and life throughout the years and for sharing 
the same interest in delirium researching. 

Eva Elinge, my colleague and co-data collector, for your friendship, support and never-ending 
discussion about work, life and about motorcycling!!

Birgitta Olofsson and Michael Stenvall, co-authors and co-data collectors, for your enduring 
support, fruitful discussions, friendship and for all the moments of laughter. 

Benny Brännström, Bengt Borssén, Gudrun Lundström, Lars Nyberg, Olle Svensson and 
Undis Englund for collaboration, constructive discussions and co-authorship.

Karin Gladh, for friendship and for all your assistance and support in practical matters and for 
being an excellent exercise companion. 

All my other colleagues and friends at the Department of Geriatric Medicine, Umeå 
University, Anna Ramnemark, Annika Bylund, Birgitta Näsman, Birgitta Rönmark, Björn 
Sondell, Börje Hermansson, Elinor Yftner Lingren, Ellinor Nordin, Ellinor Bergdahl, Erik 
Rosengren, Eva Elgh, Hugo Lövheim, Håkan Littbrand, Jane Jensen, Janna Gustavsson, 
Kristina Kallin, Lena Forsgren, Lillemor LundinOlsson, Maria Lindholm, Maine Carlsson, 
Nina Lidelöf, Olle Sandberg, Petra von Heideken Wågert, Peter Nordström, PO Sandman, 
Sigbritt Rasmusson, Staffan Eriksson, Sture Eriksson, Tony Pellfolk and perhaps some 
unmentioned but definitely appreciated for great support, encouragements and helpful 
constructive criticism during seminars.



70

To all the patients and staff at the Orthopaedic and Geriatric Departments at Norrland’s 
University Hospital in Umeå and at the Department of Geriatric Rehabilitation at Piteå River 
Valley Hospital, Piteå, Sweden for their contributions to the studies. Special thanks to; Anki
Löfgren who took part in the home visits 5 years after the hip fractures in Paper II; Birgitta
Hedkvist who took part in the data collection of hip fracture patients in Paper III; Anna
Ovesson, Ann-Marie Estensen, Anita Persson, Anki Ivemon and Åsa Karlsson who took part 
in the development of the intervention program for hip fracture patients in Paper IV; Monika
Berggren who took part in the data collection of hip fracture patients in Paper IV. 

Siv Isaksson, Head Nurse of Akut Rehab, Piteå River Valley Hospital in Piteå during the 
study collection for Paper III, for your great encouragement and support. 

Patricia Shrimpton for the excellent linguistic revisions of my manuscripts and thesis.

A special gratitude to: 

My dear friend Lise-Lotte for still being my best friend despite the lack of visits and phone 
calls on my part. 

All of my other dear friends (no one mentioned no one forgotten) for all the happy weekends 
and holidays full of joy and laughter. 

My mother Lisbeth and father Sven for your love, support and belief in me and for 
encouraging me to move to Umeå and finish this work. 

My dear sister Leena, her husband Mikael and their two lovely daughters (my beloved nieces) 
Josefin and Elin, for all your love and for always being there when I need you. 

Hasse, for your support, love and affection. You have brought light and happiness into my 
life.

To all my family: I love you!! 

This work has been supported by grants from the Borgerskapet of Umeå Research 
Foundation, the Federation of County Councils of Västerbotten (“Dagmar”, “FoU” and 
“Äldre centrum Västerbotten ”), the Foundations of the Medical Faculty, University of Umeå, 
Gun and Bertil Stohne's Foundation, the Helge Ax:son Johnson Foundation, the JC Kempe 
Memorial Foundation, the Joint Committee of the Northern Health Region of Sweden (Visare 
Norr), Loo and Hans Osterman's Foundation, the National Board of Health and Welfare, 
Norrbotten County Council, the Swedish Association of Health Officers and the Vårdal 
Foundation.



71

REFERENCES

1. Thorngren KG, Hommel A, Norrman PO, Thorngren J, Wingstrand H. Epidemiology 
of femoral neck fractures. Injury 2002; 33 Suppl 3:C1-7. 

2. Lauritzen JB. Hip fractures: incidence, risk factors, energy absorption, and prevention. 
Bone 1996; 18:65S-75S. 

3. Melton LJ, 3rd. Epidemiology of hip fractures: implications of the exponential 
increase with age. Bone 1996; 18:121S-125S. 

4. Ramnemark A, Nilsson M, Borssen B, Gustafson Y. Stroke, a major and increasing 
risk factor for femoral neck fracture. Stroke 2000; 31:1572-7. 

5. Cummings SR, Melton LJ. Epidemiology and outcomes of osteoporotic fractures. 
Lancet 2002; 359:1761-1767. 

6. Morrison RS, Chassin MR, Siu AL. The medical consultant's role in caring for 
patients with hip fracture. Ann Intern Med 1998; 128:1010-1020. 

7. Gustafson Y, Sandberg O, Bucht G. Diagnosing delirium: a challenge to the physician. 
Rev. Series Dementia 1998:2-7. 

8. Ramnemark A, Nyberg L, Borssen B, Olsson T, Gustafson Y. Fractures after stroke. 
Osteoporos Int 1998; 8:92-95. 

9. Holmes J, House A. Psychiatric illness predicts poor outcome after surgery for hip 
fracture: a prospective cohort study. Psychol Med 2000; 30:921-929. 

10. Gustafson Y, Brännström B, Norberg A, Bucht G, Winblad B. Underdiagnosis and 
poor documentation of acute confusional states in elderly hip fracture patients. J Am 
Geriatr Soc 1991; 39:760-765. 

11. Inouye SK, Foreman MD, Mion LC, Katz KH, Cooney LM, Jr. Nurses' recognition of 
delirium and its symptoms: comparison of nurse and researcher ratings. Arch Intern 
Med 2001; 161:2467-2473. 

12. Cole MG. Delirium in elderly patients. Am J Geriatr Psychiatry 2004; 12:7-21. 

13. Lipowski ZJ. Delirium: Acute confusional states. Oxford: Oxford University Press 
1990.

14. Tucker GJ. The diagnosis of delirium and DSM-IV. Dement Geriatr Cogn Disord 
1999; 10:359-363. 

15. American Psychiatric Association. Diagnostic and Statistical Manual of Mental 
Disorders, 3rd. ed. revised (DSM-III-R). Washington, DC, APA 1987. 

16. American Psychiatric Association. Diagnostic and Statistical Manual of Mental 
Disorders, 4th Ed. (DSM-IV). Washington, DC, APA 1994. 

17. Gustafson Y, Lundström M, Bucht G, Edlund A. [Delirium in old age can be 
prevented and treated]. Tidsskr Nor Laegeforen 2002; 122:810-814. 

18. Liptzin B, Levkoff SE. An empirical study of delirium subtypes. Br J Psychiatry 1992; 
161:843-845.

19. O'Keeffe ST, Lavan JN. Clinical significance of delirium subtypes in older people. 
Age Ageing 1999; 28:115-119. 



72

20. Sandberg O, Gustafson Y, Brännström B, Bucht G. Clinical profile of delirium in 
older patients. J Am Geriatr Soc 1999; 47:1300-1306. 

21. Packard RC. Delirium. Neurologist 2001; 7:327-340. 

22. Lindesay J, Rockwood K, Rolfson D. The epidemiology of delirium. In : Lindesay J, 
Rockwood K, Macdonald A, eds. Delirium in old age. Oxford: Oxford University 
Press 2002:27-50. 

23. Rolfson DB, McElhaney JE, Rockwood K, et al. Incidence and risk factors for 
delirium and other adverse outcomes in older adults after coronary artery bypass graft 
surgery. Can J Cardiol 1999; 15:771-776. 

24. Eriksson M, Samuelsson E, Gustafson Y, Åberg T, Engström KG. Delirium after 
coronary bypass surgery evaluated by the organic brain syndrome protocol. Scand 
Cardiovasc J 2002; 36:250-255. 

25. Bowman AM. Sleep satisfaction, perceived pain and acute confusion in elderly clients 
undergoing orthopaedic procedures. J Adv Nurs 1997; 26:550-564. 

26. Marcantonio ER, Goldman L, Orav EJ, Cook EF, Lee TH. The association of 
intraoperative factors with the development of postoperative delirium. Am J Med 
1998; 105:380-384. 

27. Sörensen Duppils G, Wikblad K. Acute confusional states in patients undergoing hip 
surgery. a prospective observation study. Gerontology 2000; 46:36-43. 

28. Andersson EM, Gustafson L, Hallberg IR. Acute confusional state in elderly 
orthopaedic patients: factors of importance for detection in nursing care. Int J Geriatr 
Psychiatry 2001; 16:7-17. 

29. Litaker D, Locala J, Franco K, Bronson DL, Tannous Z. Preoperative risk factors for 
postoperative delirium. Gen Hosp Psychiatry 2001; 23:84-89. 

30. Kallin K, Jensen J, Olsson LL, Nyberg L, Gustafson Y. Why the elderly fall in 
residential care facilities, and suggested remedies. J Fam Pract 2004; 53:41-52. 

31. Kallin K, Lundin-Olsson L, Jensen J, Nyberg L, Gustafson Y. Predisposing and 
precipitating factors for falls among older people in residential care. Public Health 
2002; 116:263-271. 

32. Nyberg L, Gustafson Y, Berggren D, Brännström B, Bucht G. Falls leading to femoral 
neck fractures in lucid older people. J Am Geriatr Soc 1996; 44:156-160. 

33. Levkoff SE, Evans DA, Liptzin B, et al. Delirium. The occurrence and persistence of 
symptoms among elderly hospitalized patients. Arch Intern Med 1992; 152:334-340. 

34. Milisen K, Abraham IL, Broos PL. Postoperative variation in neurocognitive and 
functional status in elderly hip fracture patients. J Adv Nurs 1998; 27:59-67. 

35. Bucht G, Gustafson Y, Sandberg O. Epidemiology of delirium. Dement Geriatr Cogn 
Disord 1999; 10:315-318. 

36. Dolan MM, Hawkes WG, Zimmerman SI, et al. Delirium on hospital admission in 
aged hip fracture patients: prediction of mortality and 2-year functional outcomes. J 
Gerontol A Biol Sci Med Sci 2000; 55:M527-534. 

37. Berggren D, Gustafson Y, Eriksson B, et al. Postoperative confusion after anesthesia 
in elderly patients with femoral neck fractures. Anesth Analg 1987; 66:497-504. 



73

38. Brännström B, Gustafson Y, Norberg A, Winblad B. Problems of basic nursing care in 
acutely confused and non-confused hip- fracture patients. Scand J Caring Sci 1989; 
3:27-34.

39. Williams MA, Campbell EB, Raynor WJ, Mlynarczyk SM, Ward SE. Reducing acute 
confusional states in elderly patients with hip fractures. Res Nurs Health 1985; 8:329-
337.

40. Laurila JV, Pitkala KH, Strandberg TE, Tilvis RS. Delirium among patients with and 
without dementia: does the diagnosis according to the DSM-IV differ from the 
previous classifications? Int J Geriatr Psychiatry 2004; 19:271-277. 

41. Williams MA, Campbell EB, Raynor WJ, Jr., Musholt MA, Mlynarczyk SM, Crane 
LF. Predictors of acute confusional states in hospitalized elderly patients. Res Nurs 
Health 1985; 8:31-40. 

42. Gustafson Y, Berggren D, Brännström B, et al. Acute confusional states in elderly 
patients treated for femoral neck fracture. J Am Geriatr Soc 1988; 36:525-530. 

43. Brännström B, Gustafson Y, Norberg A, Winblad B. ADL performance and 
dependency on nursing care in patients with hip fractures and acute confusion in a task 
allocation care system. Scand J Caring Sci 1991; 5:3-11. 

44. Mullen JO, Mullen NL. Hip fracture mortality. A prospective, multifactorial study to 
predict and minimize death risk. Clin Orthop 1992:214-222. 

45. Edlund A, Lundström M, Lundström G, Hedqvist B, Gustafson Y. Clinical profile of 
delirium in patients treated for femoral neck fractures. Dement Geriatr Cogn Disord 
1999; 10:325-329. 

46. Gustafson Y, Brännström B, Berggren D, et al. A geriatric-anesthesiologic program to 
reduce acute confusional states in elderly patients treated for femoral neck fractures. J 
Am Geriatr Soc 1991; 39:655-662. 

47. Brauer C, Morrison RS, Silberzweig SB, Siu AL. The cause of delirium in patients 
with hip fracture. Arch Intern Med 2000; 160:1856-1860. 

48. Marcantonio ER, Flacker JM, Michaels M, Resnick NM. Delirium is independently 
associated with poor functional recovery after hip fracture. J Am Geriatr Soc 2000; 
48:618-624.

49. Galanakis P, Bickel H, Gradinger R, Von Gumppenberg S, Forstl H. Acute 
confusional state in the elderly following hip surgery: incidence, risk factors and 
complications. Int J Geriatr Psychiatry 2001; 16:349-355. 

50. Milisen K, Foreman MD, Abraham IL, et al. A nurse-led interdisciplinary intervention 
program for delirium in elderly hip-fracture patients. J Am Geriatr Soc 2001; 49:523-
532.

51. Milisen K, Foreman MD, Wouters B, et al. Documentation of delirium in elderly 
patients with hip fracture. J Gerontol Nurs 2002; 28:23-29. 

52. Zakriya KJ, Christmas C, Wenz JF, Sr., Franckowiak S, Anderson R, Sieber FE. 
Preoperative factors associated with postoperative change in confusion assessment 
method score in hip fracture patients. Anesth Analg 2002; 94:1628-1632. 

53. Adunsky A, Levy R, Heim M, Mizrahi E, Arad M. The unfavorable nature of 
preoperative delirium in elderly hip fractured patients. Arch Gerontol Geriatr 2003; 
36:67-74.



74

54. Gruber-Baldini AL, Zimmerman S, Morrison RS, et al. Cognitive impairment in hip 
fracture patients: timing of detection and longitudinal follow-up. J Am Geriatr Soc 
2003; 51:1227-1236. 

55. Morrison RS, Magaziner J, Gilbert M, et al. Relationship between pain and opioid 
analgesics on the development of delirium following hip fracture. J Gerontol A Biol 
Sci Med Sci 2003; 58:76-81. 

56. Schuurmans MJ, Duursma SA, Shortridge-Baggett LM, Clevers GJ, Pel-Littel R. 
Elderly patients with a hip fracture: the risk for delirium. Appl Nurs Res 2003; 16:75-
84.

57. Edelstein DM, Aharonoff GB, Karp A, Capla EL, Zuckerman JD, Koval KJ. Effect of 
postoperative delirium on outcome after hip fracture. Clin Orthop 2004:195-200. 

58. Kagansky N, Rimon E, Naor S, Dvornikov E, Cojocaru L, Levy S. Low incidence of 
delirium in very old patients after surgery for hip fractures. Am J Geriatr Psychiatry 
2004; 12:306-314. 

59. Rolfson D. The causes of delirium. In : Lindesay J, Rockwood K, Macdonald A, eds. 
Delirium in old age. Oxford: Oxford University Press 2002:101-122. 

60. Burns A, Gallagley A, Byrne J. Delirium. J Neurol Neurosurg Psychiatry 2004; 
75:362-367.

61. Marcantonio ER, Flacker JM, Wright RJ, Resnick NM. Reducing delirium after hip 
fracture: a randomized trial. J Am Geriatr Soc 2001; 49:516-522. 

62. McIntosh TK, Bush HL, Yeston NS, et al. Beta-endorphin, cortisol and postoperative 
delirium: a preliminary report. Psychoneuroendocrinology 1985; 10:303-313. 

63. Flacker JM, Lipsitz LA. Neural mechanisms of delirium: current hypotheses and 
evolving concepts. J Gerontol A Biol Sci Med Sci 1999; 54:B239-246. 

64. Olsson T. Activity in the hypothalamic-pituitary-adrenal axis and delirium. Dement 
Geriatr Cogn Disord 1999; 10:345-349. 

65. Trzepacz P, van der Mast R. The neuropathophysiology of delirium. In : Lindesay J, 
Rockwood K, Macdonald A, eds. Delirium in old age. Oxford: Oxford University 
Press 2002:51-90. 

66. Frayn KN, Stoner HB, Barton RN, Heath DF, Galasko CS. Persistence of high plasma 
glucose, insulin and cortisol concentrations in elderly patients with proximal femoral 
fractures. Age Ageing 1983; 12:70-76. 

67. Roberts NA, Barton RN, Horan MA, White A. Adrenal function after upper femoral 
fracture in elderly people: persistence of stimulation and the roles of 
adrenocorticotrophic hormone and immobility. Age Ageing 1990; 19:304-310. 

68. Sapolsky RM, Pulsinelli WA. Glucocorticoids potentiate ischemic injury to neurons: 
therapeutic implications. Science 1985; 229:1397-1400. 

69. Wahlund L, Björlin GA. Delirium in clinical practice: experiences from a specialized 
delirium ward. Dement Geriatr Cogn Disord 1999; 10:389-392. 

70. Wong J, Wong S, Brooks E. A study of hospital recovery pattern of acutely confused 
older patients following hip surgery. Journal of Orthopeadic Nursing 2002; 6:68-78. 



75

71. Andersson EM, Knutsson IK, Hallberg IR, Norberg A. The experience of being 
confused: a case study. A breakdown in communication between a confused patient 
and a nurse may have everything to do with the nurse's point of view. Geriatr Nurs 
1993; 14:242-247. 

72. Fagerberg I, Jönhagen ME. Temporary confusion: a fearful experience. J Psychiatr 
Ment Health Nurs 2002; 9:339-46. 

73. McCurren C, Cronin SN. Delirium: elders tell their stories and guide nursing practice. 
Medsurg Nurs 2003; 12:318-323. 

74. Sörensen Duppils G. Delirium during hospitalisation; incidence, risk factors, early 
signs and patients' experiences of being delirious. Dissertation from the Department of 
Public Health and Caring Sciences. Uppsala: Uppsala University, 2003:ISBN 91-554-
5820-3.

75. Thomas RI, Cameron DJ, Fahs MC. A prospective study of delirium and prolonged 
hospital stay. Exploratory study. Arch Gen Psychiatry 1988; 45:937-940. 

76. O'Keeffe S, Lavan J. The prognostic significance of delirium in older hospital patients. 
J Am Geriatr Soc 1997; 45:174-178. 

77. Francis J, Kapoor WN. Prognosis after hospital discharge of older medical patients 
with delirium. J Am Geriatr Soc 1992; 40:601-606. 

78. Rockwood K, Cosway S, Carver D, Jarrett P, Stadnyk K, Fisk J. The risk of dementia 
and death after delirium. Age Ageing 1999; 28:551-556. 

79. McCusker J, Cole M, Abrahamowicz M, Primeau F, Belzile E. Delirium predicts 12-
month mortality. Arch Intern Med 2002; 162:457-463. 

80. Jackson JC, Gordon SM, Hart RP, Hopkins RO, Ely EW. The association between 
delirium and cognitive decline: a review of the empirical literature. Neuropsychol Rev 
2004; 14:87-98. 

81. Rahkonen T, Luukkainen-Markkula R, Paanila S, Sivenius J, Sulkava R. Delirium 
episode as a sign of undetected dementia among community dwelling elderly subjects: 
a 2 year follow up study. J Neurol Neurosurg Psychiatry 2000; 69:519-521. 

82. Rahkonen T, Eloniemi-Sulkava U, Halonen P, et al. Delirium in the non-demented 
oldest old in the general population: risk factors and prognosis. Int J Geriatr Psychiatry 
2001; 16:415-421. 

83. Cole MG, Primeau FJ, Bailey RF, et al. Systematic intervention for elderly inpatients 
with delirium: a randomized trial. Cmaj 1994; 151:965-970. 

84. Inouye SK, Bogardus ST, Jr., Charpentier PA, et al. A multicomponent intervention to 
prevent delirium in hospitalized older patients. N Engl J Med 1999; 340:669-676. 

85. Cole MG, McCusker J, Bellavance F, et al. Systematic detection and multidisciplinary 
care of delirium in older medical inpatients: a randomized trial. Cmaj 2002; 167:753-
759.

86. Young LJ, George J. Do guidelines improve the process and outcomes of care in 
delirium? Age Ageing 2003; 32:525-528. 



76

87. Lundström M, Edlund A, Karlsson S, Brännström B, Bucht G, Gustafson Y. A multi-
factorial intervention program reduces the duration of delirium, length of 
hospitalization and mortality among delirious patients. J Am Geriatr Soc accepted for 
publication 2004. 

88. Hansson LI. Osteosynthesis with the hook-pin in slipped capital femoral epiphysis. 
Acta Orthop Scand 1982; 53:87-96. 

89. Strömqvist B, Hansson LI, Palmer J, Ceder L, Thorngren KG. Scintimetric evaluation 
of nailed femoral neck fractures with special reference to type of osteosynthesis. Acta 
Orthop Scand 1983; 54:340-347. 

90. von Bahr V, Syk B, Walheim G. Osteosynthesis of femoral neck fracture using 
screws. Acta Chir Scand 1974; 140:277-282. 

91. Garden RS. Low-angle fixation in fractures of the femoral neck. J Bone Joint Surg 
1961; 43B:647-663. 

92. Jensen E, Dehlin O, Gustafson L. A comparison between three psychogeriatric rating 
scales. Int J Geriatr Psychiatry 1993; 8:215-229. 

93. Folstein MF, Folstein SE, McHugh PR. "Mini-mental state". A practical method for 
grading the cognitive state of patients for the clinician. J Psychiatr Res 1975; 12:189-
198.

94. Tombaugh TN, McIntyre NJ. The mini-mental state examination: a comprehensive 
review. J Am Geriatr Soc 1992; 40:922-935. 

95. Ruchinskas RA, Curyto KJ. Cognitive screening in geriatric rehabilitation. Rehabil 
Psychol 2003; 48:14-22. 

96. Yesavage JA, Brink TL, Rose TL, et al. Development and validation of a geriatric 
depression screening scale: a preliminary report. J Psychiatr Res 1982; 17:37-49. 

97. Sheikh J, Yesavage JA. A Geriatric Depression Scale (GDS): recent evidence and 
development of a shorter version. Clin Gerontol 1986; 5:165-172. 

98. de Craen AJ, Heeren TJ, Gussekloo J. Accuracy of the 15-item geriatric depression 
scale (GDS-15) in a community sample of the oldest old. Int J Geriatr Psychiatry 
2003; 18:63-66. 

99. American Psychiatric Association. Diagnostic and Statistical Manual of Mental 
Disorders,3rd. ed. (DSM-III). Washington, DC, APA 1980. 

100. Andreasen N, Blennow K, Sjödin C, Winblad B, Svärdsudd K. Prevalence and 
incidence of clinically diagnosed memory impairments in a geographically defined 
general population in Sweden. The Piteå Dementia Project. Neuroepidemiology 1999; 
18:144-155.

101. Sandberg O, Gustafson Y, Brännström B, Bucht G. Prevalence of dementia, delirium 
and psychiatric symptoms in various care settings for the elderly. Scand J Soc Med 
1998; 26:56-62. 

102. Villar RN, Allen SM, Barnes SJ. Hip fractures in healthy patients: operative delay 
versus prognosis. Br Med J (Clin Res Ed) 1986; 293:1203-1204. 

103. Hole A, Terjesen T, Breivik H. Epidural versus general anaesthesia for total hip 
arthroplasty in elderly patients. Acta Anaesthesiol Scand 1980; 24:279-287. 



77

104. Falk M, Kelstrup M, Andersen JB, et al. Improving the ketchup bottle method with 
positive expiratory pressure, PEP, in cystic fibrosis. Eur J Respir Dis 1984; 65:423-
432.

105. Blackburn T, Dunn M. Cystocerebral syndrome. Acute urinary retention presenting as 
confusion in elderly patients. Arch Intern Med 1990; 150:2577-2578. 

106. Collins R, Scrimgeour A, Yusuf S, Peto R. Reduction in fatal pulmonary embolism 
and venous thrombosis by perioperative administration of subcutaneous heparin. 
Overview of results of randomized trials in general, orthopedic, and urologic surgery. 
N Engl J Med 1988; 318:1162-1173. 

107. Sletvold O, Tilvis R, Jonsson A, et al. Geriatric work-up in the Nordic countries. The 
Nordic approach to comprehensive geriatric assessment. Dan Med Bull 1996; 43:350-
359.

108. Jonsson A, Gustafson Y, Schroll M, et al. Geriatric rehabilitation as an integral part of 
geriatric medicine in the Nordic countries. Dan Med Bull 2003; 50:439-445. 

109. Bonjour JP, Schurch MA, Rizzoli R. Nutritional aspects of hip fractures. Bone 1996; 
18:139S-144S.

110. Tsutsui S, Kitamura M, Higashi H, Matsuura H, Hirashima S. Development of 
postoperative delirium in relation to a room change in the general surgical unit. Surg 
Today 1996; 26:292-294. 

111. Tune LE. Anticholinergic effects of medication in elderly patients. J Clin Psychiatry 
2001; 62 Suppl 21:11-14. 

112. Xu WL, Qiu CX, Wahlin A, Winblad B, Fratiglioni L. Diabetes mellitus and risk of 
dementia in the Kungsholmen project: a 6-year follow-up study. Neurology 2004; 
63:1181-1186.

113. Koponen H, Rockwood K, Powell C. Clinical assessment and diagnosis. In : Lindesay 
J, Rockwood K, Macdonald A, eds. Delirium in old age. Oxford: Oxford University 
Press 2002:91-100. 

114. Gustafson Y. Acute confusional state (Delirium); Clinical studies in hip-fracture and 
stroke patients. Dissertation from the Department of Geriatric Medicine. Umeå: Umeå 
University, 1991:ISBN 91-7174-594-7. 

115. Rockwood K. Educational interventions in delirium. Dement Geriatr Cogn Disord 
1999; 10:426-429. 

116. Cole MG. Delirium: effectiveness of systematic interventions. Dement Geriatr Cogn 
Disord 1999; 10:406-411. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




