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Abstract
Hip fracture is a global and a growing public health problem. More women than men sustain hip
fractures, the incidence increases exponentially with age and mean age is above 80. About one
third of hip-fracture patients suffer from dementia and are prone to develop acute confusional
state (delirium). Delirium is one of the most common complications after hip-fracture surgery,
and seriously impacts on morbidity and mortality. Malnutrition is also common in hip-fracture
patients and is associated with postoperative complications, such as delayed healing of the
wound, infections and decubitus ulcers. Arthroplasty is usually preferred procedure in displaced
femoral neck fractures but is, however, controversial in patients with dementia due to the fear of
dislocation of the prosthesis.
The aims of this thesis are to identify risk factors for delirium and the impact of delirium on
rehabilitation outcome, to evaluate whether a postoperative multi-factorial intervention program
could reduce delirium, to investigate the effect of a nutritional intervention and to evaluate
complications, functional outcome and mortality regarding two surgical methods,
hemiarthroplasty (HAP) and internal fixation (IF), in old patients with femoral neck fracture.
Thirty-eight out of 61 consecutive patients (62%) were delirious on admission to hospital or
developed postoperative delirium. An increased risk of postoperative delirium was found among
hip-fracture patients with dementia and/or depression. Delirious patients were hospitalized
longer, were more dependent in their activities of daily living, had poorer psychological wellbeing and suffered more complications than non-delirious patients.
A postoperative multi-factorial and multidisciplinary intervention program reduced the incidence,
at 55% vs 75% (p=0.003), and number of days with delirium, 5 vs 10 days (p=0.009).
Postoperative complications were also reduced; decubitus ulcers 9% vs 22% (p= 0.010), urinary
tract infections 31% vs 51% (p=0.005), falls 12% vs 27% (p=0.007), and the mean
hospitalization period was 10 days shorter in the intervention group (p=0.030). Malnutrition was
common among all these patients (53 %) and associated with postoperative complications such
as decubitus ulcers and delirium. However, the nutritional intervention had no effect on
nutritional parameters at four months, nevertheless men had better nutritional outcomes than
women.
A higher proportion of patients both with and without dementia operated on using HAP had
regained their pre-fracture ability to walk independently at the one-year follow up compared with
those operated on using IF. Six of 83 patients dislocated their HAP during hospitalization and
during an episode of delirium, none had dementia. No difference in mortality between the
surgical methods was seen. Dementia per se should not be a reason to disqualify patients from
being treated with the most appropriate surgical method.
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It is clinically important to discriminate between dementia and delirium, since delirium can be
prevented and treated even in patients with dementia. Old patients undergoing surgery have
special needs that are not always catered for in ordinary orthopaedic or surgical wards. The
special care for these patients should include: a combined nursing and medical care based on
comprehensive geriatric assessments, systematic prevention, detection and treatment of
postoperative complications such as delirium, hypoxemia, urinary tract infections, pain,
malnutrition and an active rehabilitation. It is obvious that improved quality of care reduces
patient suffering and seemingly the costs for society.

Keywords: femoral neck fracture, delirium, nursing, rehabilitation, randomised controlled trial, intervention,
geriatric team, malnutrition, internal fixation, atrhroplasty
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Sammanfattning / Swedish Summary
Höftfrakturer är ett globalt och växande problem. Fler kvinnor än män drabbas, medelåldern är
över 80 år och ungefär en tredjedel av dem som ådrar sig en höftfraktur har en demenssjukdom.
En av de vanligaste komplikationerna efter en höftfrakturoperation är akut förvirringstillstånd
(delirium), som inte bara kan vara plågsamt för individen utan också ökar risken för
komplikationer och död. Undernäring är också vanligt bland dem som råkar ut för en höftfraktur,
och undernäring ökar risken för komplikationer som trycksår och infektioner. Numera opereras
flertalet felställda höftfrakturer med protes. Den här metoden är dock kontroversiell när det
gäller patienter med en demenssjukdom, eftersom den här gruppen har svårt att följa
ordinationer. Följden av detta är en ökad risk för att den nya höftkulan ska gå ur led (luxera),
vilket är en allvarlig komplikation.
I den första studien undersöktes riskfaktorer för delirium och vilka följder delirium förde med sig
vad det gäller rehabiliteringen. Studien visade att patienter med demenssjukdom och/eller
depression hade ökad risk att utveckla delirium efter operationen. Delirium gav längre vårdtider,
ökat beroende i de dagliga aktiviteterna, flera andra komplikationer, som exempelvis
urinvägsinfektion och nutritionsproblem samt sämre psykiskt välbefinnande.
Vidare utvärderades om ett postoperativt multifaktoriellt och multidisciplinärt vårdprogram, som
även inkluderade en förbättrad näringstillförsel, kunde minska förekomsten av delirium och
förbättra prognosen hos äldre höftfrakturpatienter. Resultaten visade att vårdprogrammet
minskade förekomst och antal dagar med postoperativt delirium. Dessutom minskades andra
komplikationer, som exempelvis trycksår, fall och urinvägsinfektioner. Vårdtiden var i genomsnitt
10 dagar kortare i interventionsgruppen. Undernäring var vanligt och associerat med trycksår och
delirium. Den del i vårdprogrammet som förbättrade närings- och energiintaget, hade emellertid
ingen effekt på näringstillståndet fyra månader efter operationen. Männen gick däremot upp i
vikt, och förbättrade sitt nutritionsstatus oavsett intervention eller inte, medan kvinnorna hade
försämrats i samtliga nutritionsparametrar. Eftersom studien är relativt liten kan inga säkra
slutsatser dras av detta, det krävs nog mer omfattande studier för att angripa detta problem.
Dessutom utvärderades två olika operationsmetoder, protes eller spikar, vad gäller
komplikationer, funktionsförmåga och dödlighet hos patienter med eller utan demens. Vid
uppföljningen ett år efter operationen hade fler patienter med demenssjukdom som fick protes
inopererad återfått gångförmågan jämfört med dem som fått spikar. Sex av 83 patienter luxerade
den nya höftkulan under vårdtiden och under en episod av delirium men detta drabbade ingen
patient med demenssjukdom. Det var ingen skillnad i dödlighet mellan operationsmetoderna.
Detta innebär att demenssjukdom i sig inte bör vara ett skäl till att diskvalificera patienter från
protesoperation.
8

Kirurgi på gamla patienter kräver ett avancerat omhändertagande — precis som vården av
patienter med nedsatt autonomi i början av livet. Många höftfrakturpatienter har en
demenssjukdom, och delirium är en vanlig komplikation efter en höftfrakturoperation. Delirium
kan få allvarliga konsekvenser, både för den enskilde och för samhället. Det är därför ur ett
kliniskt perspektiv betydelsefullt att ha kunskap om delirium, speciellt eftersom denna avhandling
visar att delirium kan förebyggas och behandlas. Studien visar vikten av ett teamsamarbete där
man systematiskt förebygger, upptäcker och behandlar delirium samt andra komplikationer efter
höftfrakturoperation och tillämpar en aktiv rehabilitering. Detta vårdprogram är ett relativt enkelt
och billigt sätt att förbättra vården för denna sköra och eftersatta patientgrupp. Det är tydligt att
en förbättrad kvalitet på vården för dessa patienter kan minska lidandet och kanske i
förlängningen även minska kostnaderna för samhället.
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Abbreviations
ADL

Activities of Daily Living

AMC
ASA-grade

Arm Muscle Circumference
American Society of Anaesthesiologists grade

BMI

Body Mass Index

C
CAM

Control
Confusion Assessment Method

CI
CST-14

Confidence Interval
Cognitive Screening Test (14 item version)

DHS
DSM-III-R
DSM-IV

Dynamic Hip Screw
Diagnostic and Statistical Manual of Mental Disorders, third edition-revised
Diagnostic and Statistical Manual of Mental Disorders, fourth edition

GDS-15

Geriatric Depression Scale (15 item version)

HAP
HRQOL
IHC

Hemiarthroplasty
Health-Related Quality of Life
Intervention vs Historical Controls

I
I-ADL
IF

Intervention
Instrumental Activities of Daily Living
Internal Fixation

LIH

Lars Ingvar Hansson (hook pins)

LOS
LPN

Length of Stay
Licensed Practical Nurse

MDF
MMSE
MNA

Mental Dysfunction
Mini Mental State Examination
Mini Nutritional Assessment

NS
OBS-scale

Not Significant
Organic Brain Syndrome Scale

OR
OT

Odds Ratio
Occupational Therapist

P-ADL
PSC
PT
RCT
RN
SAHFE
S-COVS
SD
THA

Personal/Primary Activities of Daily Living
Prospective Control Study
Physiotherapist
Randomised Controlled Trial
Registered Nurse
Standardized Audit of Hip Fracture in Europe
Swedish version of Physiotherapy Clinical Outcome Variables
Standard Deviation
Total hip arthroplasty
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THR

Total hip replacement

TSF

Triceps Skin-Fold
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Does a postoperative multifactorial intervention program,
including comprehensive
geriatric assessment,
management and rehabilitation,
reduce delirium and improve
outcome in patients with
femoral neck fractures?
Does a nutritional intervention,
which was one part of a multifactorial intervention program,
have any effect on postoperative
complications during
hospitalization and on
nutritional status at a fourmonths follow up in patients
with femoral neck fracture?
Osteosynthesis or prosthesis for
patients with dementia with
femoral neck fracture?

II

IV

III

What are the risk factors for
delirium?
What is the impact of delirium
on rehabilitation outcome in
patients with femoral neck
fractures?

I

Question

Thesis at a glance

180 patients
operated on
using HAP
(displaced
fracture) or IF

157 patients
who had MNA
scores during
hospitalization
and at four
months

199 (102/97)
patients
randomly
assigned to
intervention or
control group
postoperatively

Results

Mental state
Mobility
Complications
Mortality

MNA, BMI and
body weight during
hospitalization and at
four-month follow
up
Complications
Length of stay

Prefracture dementia and/or
depression are risk factors for
developing delirium
Delirium is associated with
poorer walking ability on
discharge, dependency in
activities of daily living and
more postoperative
complications
Yes!

Answer

The nutritional intervention
might have had effect on
delirium, decubitus ulcers and
hospitalization but not on
nutritional parameters at fourmonth follow up
Men seem to have a more
favourable outcome than
women regarding nutrition
55 patients were diagnosed with dementia on
HAP seems to be a more
admission
appropriate surgical method
More patients with dementia and operated on
than IF in patients with
using HAP had regained their independent
dementia and a displaced
walking ability at one-year follow up compared to femoral neck fracture

A large proportion (53%) were malnourished on
admission
Low MNA scores were associated with
postoperative complications
Men improved in MNA, BMI and body weight
irrespective of intervention while women
deteriorated

One-third suffered from dementia and one-third
from depression on admission
62% were delirious during hospitalization
Patients with delirium had more often dementia
and/or depression before the fracture, had
suffered more postoperative complications, were
hospitalized longer, more dependent in their
activity of daily living and had poorer
psychological well-being
Number of days with Intervention group had fewer days with
postoperative delirium 5 vs 10 days p=(p=0.009),
postoperative
shorter hospitalization 28 vs 38 days
delirium
p=(p=0.030), fewer postoperative complications
Complications
such as decubitus ulcers 9% vs 22% (p= 0.010),
Length of stay
urinary tract infections 31% vs 51% (p=0.005)
and falls 12% vs 27% (p=0.007)

Patients
and Outcome measures
methods
60 consecutive
Delirium
patients
Complications
Length of stay
Functional ability
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MNA= Mini Nutritional Assessment

BMI= Body Mass index

(undisplaced
fracture)
(111/69)

HAP= Hemiarthroplasty

IF= Internal Fixation

those operated on using IF
No difference in mortality between the two
surgical methods was found
Patients with delirium (6/83) dislocated their
HAP but non with dementia did so

Introduction
Hip fracture
In Sweden, almost 19,000 people annually suffer from hip fractures making this injury one of the
most demanding diagnoses in terms of resources (1). Worldwide, the problem of hip fracture is
rapidly increasing, in 1990 the estimated number of hip fractures was 1.7 million and in 2050 the
number is projected to rise to 6.3 million fractures even if the age-adjusted incidence remains
stable (2). The highest incidences of hip fracture are in Western Europe, Japan, Australia and
North America and the lowest incidence in China and India (3).
A fall is the most common cause of an injury in Sweden among older people, and nine out of ten
who will die because of a fall are aged 65 years or older (4). Hip fracture is one of the most
serious consequences of falls and has become a major public health problem in terms of
mortality and morbidity. Hip fracture is a typical osteoporotic fracture. Bones are weaker in men
in advanced age and women after the menopause and these changes might generate an increased
risk of fractures (5). Nearly 20 % of women in Sweden will sustain a hip fracture during their life
time (1). Hip fracture incidence increases exponentially with age, and the mean age is
approximately 83 years. Until the turn of 21st century 75 % of those who sustained hip fractures
were women. However, during the last few years there has been an increase among men,
amounting to 30% in 2004 (6). The one-year mortality rate after a hip fracture is 10-20 % higher
among women than would be expected for their age and the figure for men is even greater (5).
There are other sex differences: men are younger when they sustain the fracture, have more
concomitant disorders and are more likely to suffer from postoperative complications (7, 8).
Thus, hip-fracture patients are old, frail, have multiple diseases and are generally difficult to treat.
In addition approximately one third of patients with hip fracture have dementia (9, 10). A hip
fracture can permanently change the old person’s housing situation and mobility (11) and most of
them never regain their pre-fracture activity level (12).
Several interventions have tried to improve the rehabilitation outcome for hip-fracture patients
(13-16). All have been randomised controlled trials but only one showed any effect in the longterm perspective regarding functional recovery (13). Others showed that hospitalization could be
shortened with intensive geriatric rehabilitation (14, 16). One failed to reveal any difference
between orthopaedic and geriatric rehabilitation (15).
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Delirium
Acute confusional state (delirium) is not a disease per se but rather a neuropsychiatric syndrome
which can occur at any age but is more common among old people. Delirium is characterized by
disturbed attention and cognition, develops over a period of hours or days and fluctuates over
the course of a day. By definition delirium always has an underlying cause (Table 1).
Table 1. Diagnostic criteria for delirium according to Diagnostic Statistical Manuel 4th Ed. (DSM-IV) (17)
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 the course of a 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.

Delirium is a common disorder among old hospitalized patients – irrespective of diagnosis. The
incidence in hip-fracture patients ranges from 5-61% (18-24). Sometimes delirium is the cause of
the fall that resulted in the hip fracture and while in hospital most patients develop delirium as a
result of medical complications (18, 25, 26). The prevalence of delirium varies and one
explanation of low prevalence could be that studies have excluded patients with dementia,
aphasia or signs of delirium as early as on admission (20-22). This is regrettable, since it is the
patients with a reduced cognitive state that have the highest incidence and are also those most
difficult to treat. Delirium in non-demented, hip-fracture patients is found to be associated with
the development of dementia (27).
The metabolism of the brain is dependent on energy and oxygen, as are most other organs in the
body. The age-related changes in the brain result in a reduction in the ability to cope with
metabolic and other stresses. The pathogenesis of delirium is still not fully understood, but an
imbalance between acetylcholine and dopamine in the brain, could play an important role.
Hypoxia, anaemia, malnutrition, infection, surgery or drugs are factors that can affect the levels
of acetylcholine and dopamine (28). Stress caused by the injury, admission to hospital and the
surgical procedure also seem to contribute to delirium, probably mediated by hypercortisolism
(29-31). The combination of factors threatening the cerebral oxygen metabolism and
17

hypercortisolism seem to be especially dangerous for old patients (30, 32). Other factors that
might increase the risk for developing delirium could be divided in to precipitating and
predisposing factors (Table 2).

Table 2. Predisposing and precipitating factors in delirium
Predisposing factors in delirium

Precipitating factors in delirium

Old age (18, 22, 33-37)

Hypoxemia (25, 34),

Male sex (34)

Perioperative hypotension (34)

Impaired vision (22, 38)

Anaemia (39)

Depression (18, 25, 35, 38)

Urinary tract infections (25, 34)

Previous stroke (18, 35, 40)

Pain (41)

Cognitive impairment (33, 36, 38, 41)

Use of benzodiazepines (18, 40)

Dementia (18, 34, 35, 37, 40)

Use of neuroleptics (18, 25, 40)
Use of drugs with anticholinergic properties
(18, 25, 35, 40)
Long waiting time for surgery (22, 35, 42)

Delirium is a common complication in old people with hip fracture and has a serious impact on
the outcome. Hip-fracture patients that develop delirium spend longer time in hospital (18, 25,
43, 44), have poorer functional recovery (20, 35, 36, 43), fewer are able to return to their previous
independent living situations (35), they have poorer recovery in activities of daily living (43, 45)
and an increased mortality (25, 43) compared with patients who do not develop delirium.
The experience of delirium will also cause the patient severe suffering. Patient experiences of
being delirious have been described as terrifying, as if they were dreaming but still awake, specific
feelings of fear, anger or even panic have been expressed (46, 47).
In studies among patients admitted to internal medicine departments it has been shown that
multi-component/multi-factorial interventions reduced the duration of delirium, total length of
hospital stay, and mortality (9, 48, 49). There are few delirium intervention programs in hipfracture patients and only two of the studies were in the form of randomised controlled trials
18

(RCT) (Table 3). In one the reduction in the incidence of delirium did not remain significant after
controlling for baseline differences (23) and in the other study the reduced incidence of delirium
did not reach statistical significance (50).
Good nursing, reduction of stress by creating a safe and secure caring situation, oxygen-treatment
and the prevention of complications, such as urinary retention, pain, malnutrition and
constipation, seem to be cornerstones in the prevention and treatment of delirium (12, 19). It
also seems that the most effective interventions have been performed in wards where staff have
geriatric competence (12, 19, 23, 34). Knowledge of old human beings and considering the
person as a whole are important, as well as the systematic prevention and treatment of
postoperative complications that can cause or prolong delirium.
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49 vs
79
111/103/35

I HC

Lundström,
1999
Sweden,
Piteå
(19)

79

81

103/ 111

1st Author, year,
country and region

I HC

Design

Gustafson,
1991
Sweden,
Umeå
(34)

Intervention/
Control
Con/Control

57/170

Intervention mean
age

I HC
Williams,
1985
USA, Upper
Midwest
(51)

79/
79/
78

79

79

Control mean age
65

65

60

Table 3. Intervention studies on delirium among hip-fracture patients

Age cut off
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Delirium in %,
Intervention group

Intervention
Interpersonal and
43,9
environmental nursing:
strange environment,
altered sensory input, loss
of control, disruption of
life pattern, immobility,
pain, disruption of
elimination patterns
Pre- and post-operative:
47,6
oxygen therapy, early
surgery, prevention and
treatment of blood
pressure falls
perioperatively, treatment
of postoperative
complications
Education of nursing staff, 30,6
patients treated on the
same ward the whole
hospitalization, prevention
and treatment of delirium
performed systematically,
individual care and
planning of rehabilitation,
active nutrition,
cooperation between
orthopaedic surgeons and

Delirium in %,
Control group
61,3/
47,6/
42,9

61,3

51,5

13

12

14,5

Hospital days,
Control group
17/
12/
13

17

15,5

Lower incidence of
delirium, fewer
postoperative
complications. Larger
proportion regained their
independent walking
ability and could return to
their previous living
conditions

Reduced delirium
incidence, severity and
duration, shorter
hospitalization, fewer
other postoperative
complications

Incidence of delirium NS,
but significant when
controlled for baseline
differences

Comments

Hospital days,
Intervention group

21

81

82

78

83

80

80

65

NM

65
32

34

23,3

50

LOS= Length of Stay

Education of nursing staff, 20
systematic cognitive
screening, consultation
with delirium resource
nurse, geriatric nurse
specialist or geriatrician
A geriatric team
44
(geriatrician, specialist in
rehab, specific social
worker) treated the
patients, a geriatrician
visited the patient every
day, interdisciplinary
meetings every week

Daily proactive geriatric
consultation with targeted
recommendations based
on a structured protocol

I HC= Interventional vs Historical Controls

155/ 164

RCT= Randomised Controlled Trial

Vidan, 2005
RCT
Spain, Madrid
(50)

Longitudinal 60/ 60
prospective
before/after
study

Milisen,
2001
Belgium,
Liuven
(12)

62/ 64

RCT

Marcantonio
2001
USA, Boston
(23)

geriatricians

I= Intervention

16

14

5

Incidence of delirium NS,
Fewer died in the hospital,
fewer major postoperative
complications

Lower incidence of
delirium, but the
difference did not remain
significant after
adjustment of baseline
differences
Incidence of delirium NS,
Shorter duration and
reduced severity of
delirium

C= Control NM= Not Mentioned
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Dementia
In contrast to delirium, dementia is a progressive and chronic disorder; with a slow and gradual
onset it is thus quite the opposite of the delirium syndrome. According to the DSM-IV criteria
dementia can be described as a deterioration of the memory, impairment in both short- and longterm memory, followed by at least one (or more) cognitive disturbances such as aphasia, apraxia,
agnosia, and deterioration in planning or organizing. These changes will become disturbing in
either social activities or in work-related activities and are characterized by a decline from earlier
level of functioning. These impairments, changes or cognitive deficits, in the definition of
dementia should not be due to any other central nervous system diseases (e.g. Parkinson’s
disease, brain tumour) or other systematic conditions that are known to cause dementia (e.g.
hypothyroidism or vitamin B12 deficiency) or occur during the course of a delirium (17).
Delirium is often mistaken for dementia or depression and may not, therefore, be recognized and
in some cases may even be underdiagnosed (52, 53). It is important to be aware that some signs
and symptoms of delirium also can be associated with conditions such as depression or dementia.
Table 4 describes the difference between the diagnoses of delirium, dementia and depression
respectively.
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Table 4. Distinctive features of delirium, dementia and depression
Feature

Delirium

Dementia

Depression

Onset

Acute, hours to days

Slow onset, months

Weeks, single episode
or recurrent episodes

Duration

Hours to weeks

Months to years,
chronic

Weeks to months, may
be chronic

Awareness

Fluctuating

Normal

Normal

Attention

Disordered

Usually normal

Usually normal

Orientation

Impaired and
fluctuating

Impaired

Usually normal

Hallucinations

Both visual and hearing

Not present

Not present

Memory

Impaired

Impaired

May be impaired

Emotions

Fear, agony, apathy,
withdrawal

Unconcern or agitation

Anxiety, hopelessness,
worthlessness

Thinking

Disorganized

Impaired abstraction

Normal

Cognition

Globally disordered

Globally impaired

Normal or fluctuating

Speech

Incoherent

Dysphasia

Normal

Modified by permission of Gustafson, Y (54).

There are few intervention studies evaluating surgical methods that have specifically included
patients with dementia in the research concerning hip-fracture patients (55-60) Two studies used
a proper assessment for diagnosing dementia (56, 57). However, none of the studies discriminate
between delirium and dementia and none of them analyzed delirium postoperatively (55-60).

Malnutrition
Malnutrition can be described as an under- or over-consumption of food; ranging from not
eating enough, poor absorption or lack of adequate nutrients to overeating. In the normal state
there is a balance between food intake and the metabolism of energy and nutritious substances.
Malnutrition will arise when either the food intake is reduced compared to the biological need or
when the metabolism of nutritious substances is increased compared to the biological need (61).
Aging itself is associated with physical, mental, social and environmental changes; for example a
reduction in taste and smell, impaired oral health, deterioration in physical activity, isolation or
loss of spouse. These impairments might lead to insufficient intake of necessary nutrients and
this in turn might result in malnutrition (62). Medical factors such as various diseases, lifestyle
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factors such as poverty and factors such as dementia or depression have been described as risk
factors for malnutrition (63).
Many old people are already malnourished when they arrive at the hospital (64). Further loss of
muscle tissues, adipose tissues, stores of vitamin and trace elements might have serious
consequences for them (65). Malnutrition is especially common in hip-fracture patients (66-69).
Hip-fracture patients appear to have a lower intake of energy, protein, calcium and vitamin D
than non-fracture controls (66). Malnutrition is associated with postoperative complications, such
as delayed healing of the wound, infections, decubitus ulcers (70) and increased mortality (71).
Most hip-fracture research has been conducted in women for one possible reason — the majority
of those who sustain a hip fracture are women (6). Previous studies, however, have shown that
men with hip fracture have a poorer nutritional status (72) and that male sex was a risk factor for
sustaining postoperative complications such as delirium or decubitus ulcers (7, 8).
Interventions to remedy malnutrition in hip-fracture patients have thus been carried out using a
variety of approaches. Most of the studies have used supplements, either oral and/or nasogastric
tube feeding versus placebo. The effects vary, but it seems that oral supplements are the most
beneficial (73-75). There are studies with supplements that have achieved positive effects on
activities in daily living and quality of life, a reduction in major complications and shorter
hospitalization while other studies did not have any specific effects from using supplements
(Table 5).
Since old people are often frail, have multiple diseases and also sometimes cognitive impairment
there are many aspects to consider in caring for them and one of the most important things is
nutrition. Registration of food and liquid intake is of great value in ensuring that the patients get
what they need in terms of calories and fluids (67, 69, 76). Oral supplements with protein have
been shown to be effective in minimizing complications (73, 77, 78). Espaulella and associates
(78) gave supplements to the patients at night so that they did not consume any less food during
the day. An improved meal environment has been shown to enhance the nutritional status in
patients living in nursing homes (79). Bad oral health and poor appetite are two other important
aspects when considering nutrition in old people (80). To my knowledge only a few studies have
focused on all these matters at the same time, even though they might be considered to relate to
each other. One study showed that postoperative complications could be reduced by a nursing
and medical intervention program, which included among other things an active nutrition
element (19). They individualized the care and improved the meal environment for the patients
and served nutritional and protein drinks every day. However, they did not specifically analyze
nutritional parameters.
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Oral
supplement

Oral
supplement
daily with
protein

RCT Oral
supplement
daily
without
protein
RCT Normal
diet

Espaulella,
2000
Spain,
Barzelona
(78)

Bruce,
2003
Australia,
Perth
(81)

Oral
supplement
daily

Duration days

Intervention start
Within 2-3 days
after surgery

28 days

Number of
participants,
Control/Intervention
143 in 3 groups:
Gr 1=21 (well nourished)
Gr 2=39/35
(contr/tube, thin group)
Gr 3=25/23
(contr/tube, very thin
group)
59 (32/ 27)

109 (59/ 50)

From admission From
to the
admission to
orthopaedic unit end of stay in
recovery
hospital (mean
32 days)
Within 48 hours 60 days
171 (86/ 85)
of study entry

Overnight
Within 5 days of Within 5 days
nasogastric tube surgery
of surgery to
feeding
discharge or
death

RCT Normal
diet

1st Author, year
country and region

Delmi,
1990
Switzerland,
Geneva
(75)

Design

RCT Normal
diet

Control

Bastow,
1983
UK,
Nottingham
(69)

Intervention

Table 5. Nutritional interventions in hip-fracture patients
Mean age or range
83.3 / 84.7

82.7/ 82.4

82.9/ 80.4

Mortality NS
Length of hospital stay NS
Nutritional parameters such as
S-albumin NS
Discharge destination NS
Functional outcome at discharge NS

Mortality NS,
Functional recovery NS,
Length of hospital stay NS
Supplement group suffered fewer
complications

Mortality rate lower in supplement
group
Complication rate was lower and
length of stay was shorter in
supplement group

Gr1=
77, Mortality NS
Gr2=78/80, Shorter rehabilitation, 10 days
Gr3=82/82 vs 12 days in “thin” group (2) and
16 days vs 23 days in “very
thin” group (3)

Results
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RCT Normal
diet

Eneroth,
2005
Sweden,
Lund
(67)

59
Gr 1=20
Gr 2= 20
Gr 3= 19

103 (52/ 51)

BMI= Body Mass Index

During
80 (40/ 40)
hospitalization

180 days

Daily for 4
weeks or until
discharge
Median=10
days

RCT= Randomised Controlled Trial PSC= Prospective Control Study
Circumference TSF= Triceps Skin-Fold NS= Not Significant

Gr 2= Oral
Not specified
supplement,
Gr 3= Oral
supplement +
Nandrolone 25
mg i.m.
injection/ 3
weeks. All
patients
received
Calcium D
vitamin daily
Parenteral
< 48 hours
nutrition for 3
from trauma
days from day 1
followed by oral
supplement for
7 days or until
discharge

RCT Gr 1=
Standard
treatment
+ All
patients
received
Calcium
D
vitamin
daily

Immediately
postoperative

Within 48 hours During
181 (97/ 84)
of admission
hospitalization

Tidermark,
2004
Sweden,
Stockholm
(73)

Oral
supplement x 2

Oral
supplement
with protein

PCS Normal
diet

RCT Placebo
Houwing,
2003
Netherlands,
Deventer
(77)

Lawson,
2003
UK,
Sheffield
(74)

AMC= Arm Muscle

Length of hospital stay NS
Fluid intake higher in supplement
group
Supplement increased total fluid and
energy intake to near needed levels

Supplement and nandrolone had
positive effect on health-related
quality of life and ADL
Length of hospital stay NS

Length of hospital stay NS
Minor complications NS
Fewer major complications in
supplement group
Nutritional parameters such as
BMI & S-albumin NS
Incidence of decubitus ulcers NS
Time of onset of decubitus ulcers
later in supplement group (3.6 days
vs placebo group 1.6 days, but not
significant, p=0.090)

ADL= Activity of Daily Living

78.5/ 84

Total
83,
Gr1=84,
Gr2= 83.5,
Gr3= 81

80.5/ 81.5

72.9/ 71.3

Surgical methods – clinical outcome
Hip fractures or proximal femoral fractures can be divided into intra- or extra-capsular fractures.
Intracapsular fractures (cervical fractures) occur proximally to the attachment of the hip joint
capsule or of the femoral neck. Extracapsular (trochanteric) femur fractures occur distally to the
hip joint capsule or a fracture below the femoral neck. Intermediate fractures are called
basocervical fractures (82).
Cervical fractures can be further divided into undisplaced or displaced fractures. The
classification used in this thesis is according to Garden et al (83). Garden I-II is used for
undisplaced fractures and Garden III-IV is used for displaced fractures (Figure 1).

Figure 1. Garden classification of femoral neck fractures: Garden I-II 1 & 2, Garden III-IV 3 & 4.
With permission by Svensson O.

Internal fixation (IF) using a flanged nail was one of the first methods reported in the literature
for treating femoral neck fractures (84). Displaced femoral neck fractures do not heal without
surgery, since there is no contact between the fragments. Even with surgery the fracture might
fail to heal, since the blood supply to the femoral head/neck is often endangered. Implants have
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been of various types such as pins, screws, sliding hip screws or plate and hip replacements, totalor Hemiarthroplasty (85). Trochanteric fractures heal better because of a more favourable blood
supply. Almost all hip fractures are operated on in order to avoid months of traction treatment
(86).
Undisplaced femoral neck fractures are usually treated with IF (42), a minor surgical procedure
associated with less blood loss than Hemiarthroplasty (HAP) (87).
The displaced femoral neck fracture has been dubbed the “unsolved fracture” by many authors.
The question has not yet been solved of whether the femoral head should be preserved by only
fixating the fracture or whether it should be replaced by a prothesis, HAP when only the femoral
part is replaced or total hip replacement (THR), when the acetabulum is also replaced (87, 88).
The patient’s age, activity level and health status, together with the surgeon’s preference are issues
that have to be considered when deciding the choice of surgical method (88). Hip replacement is
the most common treatment nowadays for healthy old people when a femoral neck fracture is
displaced (89-91). IF is recommended for patients with dementia and other severe comorbidities
(56, 57, 59) while one author recommends HAP in old patients with severe cognitive
dysfunction, dementia and/or institutionalized patients (92).
A recent study has shown that the waiting time for surgery should not exceed 24-36 hours (42),
as further delay may lead to longer hospitalization and postoperative complications (42, 93).
Complications associated with the surgical methods (IF and arthroplasty) for hip fractures differ
and might be difficult to compare. In a meta-analysis IF was compared with arthroplasty (both
HAP and THR) in displaced femoral neck fractures. Analysis of reoperations and major methodrelated complications (i.e. deep infection or dislocation) revealed that hip replacement was a
better choice. Athroplasty seemed also to cause less pain and give patient better function (60).
Postoperative complications after hip fracture surgery, such as pneumonia, thromboembolic
complications, heart failure, stroke, decubitus ulcers or gastrointestinal complications are rarely
reported as differing according to the surgical method used (87).
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RCT

RCT

RCT

Comparison
of HAP vs
IF

Comparison
of HAP vs
IF

Van
Dortmont,
2000
Netherlands,
Rotterdam
(56)
Parker,
2002
UK, Peterborough
(58)

1st author, year,
Country, region

Comparison
of IF vs
THA

Research
question

Johansson,
2000
Sweden
Linköping
(55)

Number of
participants

455

60

100

Mean age
84

84

71

71

103

96

101

Lower age range
Higher age
range
75

Exclusion
1-7,
10

8

1, 2,
3

Diagnosis of
dementia/
cognitive
impairment
Mental test
score (Qureshi
& Hodkinson,
1974)

CST-14, DSMIII-R criteria

Mortality NS
LOS NS
Pain NS
Deep wound infection higher after
HAP vs IF

Mortality NS
5 patients with wound infection
when using IF vs non after HAP
Mobility at 1 year 4/10 after IF vs
3/14 after HAP

Norton scale
Mortality NS between IF & THA
Anamnesis data Mortality higher in patients with
from proxy
MDF
Complication rate for IF 54% vs
22% in THA
Complication for patients with
MDF in IF 22/30 vs 5/20 in THA

Results

Type of study

IF is recommended for younger
patients (<70)
For patients >70 HAP is
recommended - but IF for frail, old
patients

Patients with dementia should not
undergo major surgery such as HAP

THA had better functional results,
THA should be the treatment in old
patients with normal mental
function and high functional
demands

Table 6. An overview of studies comparing internal fixation versus arthroplasty in displaced femoral neck fractures among patients with or without cognitive dysfunction

Conclusion
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RCT

Comparison
of HAP vs
IF

Blomfeldt,
2005
Sweden,
Stockholm
(59)

60

103

84

87

70

80

96

99

2, 3,
5, 9

1, 2,
3

Sign of mental
changes=
manifest
dementia or
prolonged
confusion
Institutionalized
or from nursing
home.
Diagnosed
dementia and
/or cognitive
dysfunction
according to
SPMSQ
Infection higher with HAP vs IF
LOS NS
In-hospital mortality NS
Mortality at 4 & 12 months lower
after HAP vs IF
43 % HAP walked as well as before
the fracture at 1 year while IF not
evaluated for walking ability at the
time
Mortality NS
Complications NS
IF assessed higher quality of life vs
HAP at 2 years, but both groups
deteriorated over time
Deterioration in mobility and ADL
function in both groups
HAP is not recommended for
patients with severe cognitive
dysfunction

HAP is recommended for patients
with dementia and/ or
institutionalized patients > 80 years

Exclusion criteria: 1= Contraindication for major surgery, 2= Malignancy, 3= Rheumatic joint disease, 4= Chronic renal failure, 5= Delay of more than 48 hrs from the
fracture to surgery, 6= Paget’s disease, 7= Metabolic disease, 8= Normal mental function, 9= Ostheoarthritis IF= Internal Fixation THA= Total hip Arthroplasty
MDF= Mental dysfunction CST-14= Cognitive Screening Test – 14 item version DSM-III-R= Diagnostic and Statistical manual of mental Disorders, third editionrevised NS= Not Significant HAP= Hemiarthroplasty LO= Length of Stay SPMSQ= Short Portable Mental Status Questionnaire ADL= Activity of Daily
Living

Prospective
randomized
trial

Comparison
of HAP vs
IF

Rogmark,
2002
Sweden,
Malmö
(92)

Rationale for this thesis
Hip fracture is common and will become even more so because of the ongoing demographic
changes. The challenge of caring for frail old people will increase dramatically in the future. Many
old people who sustain a hip fracture are malnourished at the time of admission, which can have
serious implications for postoperative care. Many hip-fracture patients will suffer from
postoperative complications, such as delirium, decubitus ulcers and infections. Delirium is a
frightening experience per se and by definition always have an underlying cause and needs to be
treated, especially since delirium is associated with an increased risk of other complications, such
as falls and longer hospitalization. Old people with a displaced femoral neck fracture are
commonly operated on using HAP, but if a patient is diagnosed with dementia or is cognitively
impaired on admission they might not get this surgery because of the fear of dislocations of the
prosthesis. Since the care of frail, old people is complex, especially if they have reduced
autonomy, it is of great importance to increase our knowledge of how to prevent, detect and treat
complications after hip-fracture surgery. It is essential to develop and implement programs, that
focus on good nursing and medical care and that have multi-factorial and multidisciplinary
strategies.
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Aims of this thesis
The overall aims of this thesis were to identify the risk factors for delirium, to evaluate whether a
postoperative multi-factorial intervention program could reduce delirium, to investigate the effect
of a nutritional intervention and evaluate complications, functional outcome and mortality
concerning two different surgical methods in older patients with femoral neck fracture, including
those with dementia.

Specific aims
I - to describe risk factors for delirium and the impact of delirium on rehabilitation outcome.
II - to investigate, in a randomised study, whether a postoperative multi-factorial intervention
program, including comprehensive geriatric assessment, management and rehabilitation,
reduces delirium and improves outcome.
III - to investigate whether a nutritional intervention, which was one part of a multi-factorial
intervention program, had any effect on postoperative complications during hospitalization
and on nutritional status at a four-month follow up.
IV - to evaluate complications, functional outcome and mortality of two different surgical
methods, internal fixation and hemiarthroplasty, in older patients - with displaced and nondisplaced femoral neck fracture - with or without dementia.
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Methods
Participants
All Papers (I-IV) in this thesis included patients aged 70 years or older, consecutively admitted to
the Orthopaedic Department at the University Hospital in Umeå (n=353), Sweden, between May
2000 and December 2002 with femoral neck fracture. The exclusion criteria were: age under 70,
severe rheumatoid arthritis, severe hip osteoarthritis and pathological fracture due to the surgical
methods that were planned to be used in the study. Patients with severe renal failure and patients
who were bedridden before the fracture were also excluded. Two hundred and fifty-eight patients
met the inclusion criteria. Eleven patients declined to participate and 48 were not invited to
participate because they had sustained the fracture in the hospital or the inclusion routines failed
(Figure 2). These 59 patients tended to be more often admitted from their own home/apartment
(p=0.009) and were more likely to be males (p=0.033) but there was no difference in age
(p=0.354) compared with the 199 patients who were included.
The number of participants in Paper I was 61 patients and they had entered the study during the
first year. Paper II included the whole study sample of 199 patients (Figure 2). Paper III included
157 patients whom it was possible to assess using the Mini Nutritional Assessment (MNA)
during hospitalization and at four months (Figure 3). There were no significant differences
between the 42 patients who had no MNA and those who were included in the analyses, in terms
of sex, age, dementia, depression, diabetes, heart failure and independent living. However, seven
out of 21 patients (33%) in the control group with no MNA assessment developed decubitus
ulcers, compared to two out of 19 (11%) in the intervention group (p=0.133) and 22 patients out
of the 199 patients had died by the four-month follow up. In Paper IV 180 patients were
included who had been operated on using HAP or IF and the19 patients who were operated on
using dynamic hip screw (DHS) were excluded (Figure 4). Baseline characteristics in Papers I-IV
are presented in Table 7.

33

353 participants assessed for eligibility

95 failed to meet inclusion critera

258 eligible for inclusion
59 excluded:
11 refused to participate
21 suffered the fracture in the hospital
27 missing due to failure of inclusion routines

199 randomised

102 assigned to intervention group
6 participants died during hospitalization

97 assigned to control group
7 participants died during hospitalization

92 assessed at four months
3 participants died after discharge
1 participant declined to continue

83 assessed at four months
6 participants died after discharge
1 participant moved to another city

84 assessed at 12 months
7 participants died between 4-12 months
1 participant declined to continue

76 assessed at 12 months
5 participants died between 4-12 months
2 participants declined to continue

102 included in primary analysis in Paper II

97 included in primary analysis in Paper II

Figure 2. Flow chart for Paper II.
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199 randomised

102 assigned to intervention group
6 participants died during hospitalization
5 participants with missing MNA

97 assigned to control group
7 participants died during hospitalization
8 participants with missing MNA

91 assessed at four months
3 participants died after discharge
1 participant declined to continue
4 participants with missing MNA

82 assessed at four months
6 participants died after discharge
1 participant moved to another city
1 participant with missing MNA

83 included in primary analysis in Paper III

74 included in primary anlysis in Paper III

Figure 3. Flow chart for Paper III.
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199 randomised

19 operated on using DHS

180 included in present study

69 operated on using IF
4 died during hospitalization

3 died after discharge
1 declined to continue

5 died after discharge
1 moved to another city

61 assessed at four months

4 died between four and twelve months
1 declined to continue
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98 assessed at four months

6 died between four and twelve months
1 declined to continue

56 assessed at twelve months

Figure 4. Flow chart for Paper IV.

111 operated on using HAP
7 died during hospitalization

91 assessed at twelve months
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83.1±6.4
23(61)
16/37(43)
17(45)
9/37(24)
6(16)
16/36(44)
29/36(80)
22(58)
27(71)
16(42)
26.4±16.1
2.5/36(2-3)
13.2±6.6
5.5±3.6
9.3±3.6

Nondelirious
during
ward stay
n=23
81.7±6.0
17(74)
4(17)
4(17)
3(13)
4(17)
17(74)
21(91)
18(78)
11(48)
3(13)
29.6±22.9
2(2-3)
22.3±8.8
2.9±2.2
12.5±2.5
82.3±6.6
74(73)
28(27)
33(32)
29(28)
16(16)
47/101(46)
85/101(84)
66(65)
66(65)
29(28)
24.5±17.8
3(2-3)
17.4±8.2
5.2±3.6
10.2±3.6

Interventio
n group
n=102
82.0±5.6
74(76)
36(37)
45/95(47)
20/93(22)
14/96(15)
48/94(51)
85/94(90)
60(62)
50(52)
45(46)
24.8±15.3
3/95(2-3)
15.7±9.1
4.5±3.5
10.4±3.7

Control
group
n=97

Paper II, n=199

82.1±6.8
62(75)
20(24)
23(28)
24(29)
13(16)
42/81(52)
71/81(88)
57(69)
51(61)
21(25)
24.6±17.5
2(2-3)
17.9±8.1
4.9±3.7
10.2±3.8

Interventio
n group
n=83
82.2±5.6
57(77)
26(35)
36(49)
10/71(14)
13(18)
34/71(48)
62(83)
47(64)
39(53)
36(49)
25.1±15.4
3(2-3)
16.8±8.9
4.3±3.5
10.7±3.6

Control
group
n=74

Paper III, n=157

82.4±6.3
46(67)
27(39)
23(33)
22/68(32)
14/68(21)
26/66(39)
55/68(81)
39(56)
45(65)
22(32)
19.6±12.3
3/68(2-3)
14.9±8.8
5.0±3.7
10.2±3.1

IF
n=69
82.2±6.2
88(79)
28(25)
47/110(43)
24/109(22)
15/110(14)
61/102(60)
101/109(93)
77(69)
62(56)
44(40)
27.8±17.6
3(2-3)
17.6±8.4
4.8±3.6
10.1±3.9

HAP
n=111

Paper IV, n=180

P-ADL= Personal Activity of Daily Living ASA grade= American Society of Anaesthesiologists (grade) MMSE= Mini Mental State Examination, tested day three to
five postoperatively GDS-15= Geriatrid Depression Scale, tested day three to five postoperatively PGCMS= Philadelphia Geriatric Centre Morale Scale, tested day three
to five postoperatively ‡ Before the fracture

Age
Women
Dementia
Depression
Previous stroke
Previous hip fracture
Independent in P-ADL‡
Walked independently ‡
Living independently ‡
Analgesics
Antidepressants
Waiting time for surgery
ASA grade
MMSE
GDS-15
PGCMS

Delirious
during
ward stay
n=38

Paper I, n=61

Table 7. Baseline characteristics in Papers I-IV, presented in numbers, (%) and mean with standard deviations or median with interquartile range

Procedure
A program for improving the preoperative treatment, such as oxygen treatment, was developed
and implemented before admission to hospital, in the emergency room and in the orthopaedic
ward. The treatment was, however, the same for both the intervention and the control group.
Patients were randomised, by using sealed, opaque envelopes, to postoperative care either in a
geriatric ward with a special intervention program or to conventional care in the orthopaedic
ward. The randomisation was stratified according to the dislocation of the fracture in order to
have similar proportions of patients operated on using the various methods in both groups. The
envelopes were given to the patients while they were in the emergency room, but they were not
opened until immediately before surgery to ensure similar preoperative treatment. A nurse on
duty on the orthopaedic ward who was not involved in the study, opened the envelopes.
The undisplaced femoral neck fractures (Garden I-II) in Paper II were treated with two hookpins (Swemac Orthopedica®, Linköping, Sweden) (Figure 5) (intervention group n=38, control
group n= 31) and the displaced femoral neck fractures (Graden III-IV) were treated with bipolar
hemiarthroplasty (Link®, Hamburg, Germany) (Figure 6) (intervention group n=57, control
group n= 54). Basocervical fractures (Figure 7) (intervention group n=7, control group n= 10)
were operated on using a dynamic hip screw (DHS, Stratec Medical®, Oberdorf, Switzerland).
One patient had a resection of the femoral head due to deterioration in medical status and one
patient died before surgery (both patients were in the control group). Most (174/198, 88%) of
the operations were performed under spinal anaesthesia.

38

Figure 5. Garden I-II Operated on
using two Hook pins (LIH).

Figure 6. Garden III-IV Ope- Figure 7. Basocervical fracture
rated on using Hemiarthroplasty Operated on using Dynamic Hip
Screw (DHS).
(HAP.)

Data collection
All medical and social data were collected from the patients, relatives, staff and medical records
and entered into a study-record. Two nurses were employed during the study to make the
assessments while the participants were hospitalized and at the four- and twelve-month follow
ups. One worked on the geriatric ward and assessed participants in the control group, and the
other worked on the orthopaedic ward and assessed participants in the intervention group. One
physiotherapist (PT) and one occupational therapist (OT) were also employed to accompany
each nurse at the follow ups. At the four-month follow up a physician was employed to collect
data for the intervention group; this was not done in the control group.
The assessments during hospitalization took place on days three to five postoperatively. Similar
assessments were performed at four and twelve months after surgery. An overview of all
assessments and follow ups used in Papers I-IV is shown in Table 8.
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Assessments
Cognitive impairment
The Organic Brain Syndrome Scale (OBS scale) (94) is an instrument used to determine a
patient’s orientation and awareness. It was developed in 1985 by L Gustafson and has been
shown to be clinical useful for describing patients’ mental state, even in a long-term follow up
(44, 95). The scale was modified and developed for hip-fracture patients by Berggren in 1987
(25). The modified OBS scale which is used in this thesis consists of two main parts: the
disorientation subscale, a questionnaire containing 12 items and the confusion subscale, an
observation schedule covering 21 clinical features. The disorientation subscale measures patient
orientation to time, place and their own identity with a maximum score of 36 (higher score=
worse test result). The confusion subscale describes different cognitive, perceptual, emotional
and personality changes and fluctuations in the clinical states and is based on observating and
interviewing the patient as well as interviewing the caregivers. The OBS scale has been compared
with other assessment scales and been proved to have reasonably good concurrent validity (44,
94). When the OBS scale was compared with the Confusion Assessment Method (CAM) it
showed 100% agreement regarding the diagnosis of delirium (96).
The Mini-Mental State Examination (MMSE) was used to assess cognition (97). This is a wellknown instrument with scores from 0-30; scores below 24 indicate cognitive impairment (98).
The MMSE has shown good reliability and validity (97-99).
Depression
Depression was assessed using the Geriatric Depression Scale (GDS-15, shorter version) (100,
101). The scale has 15 items and scores of between five and nine indicate mild depression while a
score of ten or more indicates moderate to severe depression. In a community sample of the
oldest old, GDS-15 has been shown to have a high sensitivity and specificity (102). 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 by a specialist in geriatric medicine, if the patients were currently being treated with
antidepressants and if they were screened for depression using the GDS-15 in combination with
depressive symptoms observed and registered by the OBS scale.
Diagnoses and medications
At the end of the study a specialist in geriatric medicine analyzed all the documentation
concerning diagnoses, drug treatments and assessments performed by the nurses, the OT and the
PT for the final diagnosis. This specialist was not involved in patient care (intervention or control
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group) and did not know to which group the patients were randomised. The documentation
analyzed also included patients’ medical and nurses’ records. All symptoms and signs of delirium
and/or changes in patients’ mental state were registered in the nurses’ records (both in the
intervention and the control group) according to the daily documentations, which are routinely
performed at least three times a day. The geriatrician also determined whether the patients met
the DSM-IV criteria for delirium, dementia and depression (17). During the first 8 postoperative
hours, symptoms of cognitive disturbance were not registered as delirium but ascribed to the
immediate effects of drugs from the pre-medication and/or anaesthetic.
Nutrition
Nutritional status was assessed using the Mini Nutritional Assessment scale (MNA) (103). The
MNA comprises four different topics: anthropometric measurements (weight, height, mid-arm
and calf circumference and weight loss), general assessment (lifestyle, medication and mobility),
dietary questionnaire (number of meals, food and fluid intake and autonomy in feeding) and
finally a subjective assessment (self-perception of health and nutrition). The scale has a maximum
of 30 points, a score of >24 is considered to indicate that the subject is well nourished, a score of
17-23.5 points indicates a risk of malnutrition, and a score of less than 17 points indicates
malnourishment or protein-calorie under-nutrition (104). The MNA has been validated and has
been found to be a helpful tool in identifying old patients at risk of malnutrition in hospitals
(105). Body Mass Index (BMI, weight/length2) is included in the MNA.
Morale
The term morale can be used to describe the quality of life, the person’s satisfaction with life or
psychological wellbeing (106). The patient’s morale or psychological wellbeing was assessed
according to the Philadelphia Geriatric Centre Morale Scale (PGCMS) (107). The PGCMS has 17
items and the score ranges from 0 to 17. In the administration and scoring instructions the
designer suggests that scores of more than 13 would be considered to indicate good
psychological wellbeing; those of 10-12 fall within the middle range, while those scoring 9 and
less are indicated as having poor psychological wellbeing. The PGCMS is recommended by the
British Geriatric Society and the Royal College of Physicians in London for use as an instrument
to assess psychological wellbeing in old people (108) and seems applicable even among the oldest
old (109). The PGCMS has also been shown to be applicable to those with cognitive impairment
(110).
Activities of Daily Living
The patients’ functional status in performing the Activities of Daily Living (ADL) was measured
using the Staircase of ADL including the Katz ADL index (111, 112). This measures both
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Personal/Primary ADL (P-ADL) (bathing, dressing, toileting, transfer, continence and feeding)
and Instrumental ADL (I-ADL) (cleaning, shopping, transportation and cooking). In Paper I
each category is presented as a percentage and in Papers II and IV every item is assigned to one
of two categories independence or dependence.
Walking ability was registered according to an item from the Swedish version (113) of Clinical
Outcome Variables (S-COVS) (113, 114). The item has seven levels, one indicating no functional
walking ability and seven indicating normal function, including outdoor obstacles and gait speed.
Use of a walking aid was also registered.
In Paper I physical activity before the hospitalization was registered according to a specific
activity scale derived by Grimby and Frändin (115). The scale includes physical activity, with and
without household activity, and refers to the most recent summer and winter periods. The
physical activity level during the preceding month was registered at the four-month follow up.
The scale has six levels ranging from 1= hardly any physical activity to 6= strenuous or very
strenuous regular exercise several times a week. The scale also has an extended model that
includes household activities. These levels range from “sometimes light household activities such
as heating up food, dusting or clearing away” to “responsible for all domestic activities, light as
well as heavy and weekly cleaning with vacuum cleaner, washing floors or window cleaning”. In
Paper I the patients were also asked about how frequently they walked outdoors independently
prefracture and at the four-month follow up, in accordance with one question in the Downton’s
Activity Index (116, 117). The question used was called Downton’s Activity Scale which also has
6 levels, where 1= not so often or none and 6= more than four times a week.
Pain
Pain in the hip was registered using the Standardized Audit of Hip Fracture in Europe (SAHFE)
(118). The pain scale has options from 1 (the pain in my hip is severe and spontaneous and I
experience it even when I am not moving) to 6 (I experience no pain in my hip) and finally 7
(unable to answer). These options were used in Paper I. In Paper IV the scale was dichotomized
into pain (categories from severe or moderate pain, four levels) and no pain (slight or no pain at
all).
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Table 8. Assessment instruments and follow ups used in the four Papers
MMSE
GDS
OBS
MNA
BMI
PGCMS
P-ADL
I-ADL
Downton’s Activity Scale
Frändin & Grimby’s Activity Scale
SAHFE, pain
Four-month follow up
Twelve-month follow up

Paper I
X
X
X

Paper II
X
X
X
X

X
X
X
X
X
X
X

X
X

X
X

Paper III
X
X
X
X
X
X

X

Paper IV
X
X
X

X
X

X
X
X

Intervention program (Papers II and III)
The intervention program used in this thesis is based on a literature review and previous studies
in the care of old hip-fracture patients (18, 19, 25, 33, 34, 40, 45, 51).
Intervention Group
Patients randomised to the intervention group were admitted to a 24-bed geriatric unit
specializing in geriatric orthopaedic patients. The staff worked as a team, applying comprehensive
geriatric assessment, management and rehabilitation (119, 120). The staffing level on the
intervention ward was 1.07 nurses/aids per bed. Before the study started all the staff received a
four-day course in caring, rehabilitation, teamwork and medical knowledge including sessions
about how to prevent and treat various postoperative complications including postoperative
delirium (Table 9).
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Control Group
The control group received postoperative care in a specialized orthopaedic unit according to the
usual postoperative care routines. The staffing at the orthopaedic ward was 1.01 nurses/aids per
bed. The patients who needed further in-hospital rehabilitation were admitted to a geriatric ward,
but not the intervention ward (n=40, Paper II), which had the same staffing ratio as the other
geriatric ward (1.07 nurses/aids per bed). The staff in the control group did not receive any
specific education before or during the study.
The staff caring for the intervention group were aware of the nature of the study and the staff
caring for the control group were aware that a new care program was being evaluated on the
geriatric intervention ward.
The main content of both the intervention program and the conventional care is described in
Table 9.
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Prevention and
treatment
of
complications

Individual care
planning

Teamwork

Staff education

Staffing

Ward layout

Control group
- Single, double and four-bed room.
- 27-bed ward, extra beds when needed.
- The geriatric control ward was similar to the intervention
ward.
- 1.07 nurses/aides per bed.
- 1.01 nurses per bed.
- Two full-time physiotherapists.
- Two full-time physiotherapists.
- Two full-time occupational therapists.
- 0.5 occupational therapist.
- 0.2, dietician.
- No dietician.
- Staffing on the geriatric control ward similar to that on
the intervention ward.
- A four-day course on caring, rehabilitation, teamwork and medical knowledge including sessions about - No specific education before or during the project.
how to prevent, detect and treat various postoperative complications such as postoperative delirium (risk
factors, prevention and treatment) and falls. The course included sessions about osteoporosis, hip
fractures, surgical methods, anaesthesia, postoperative care, pain, sleep and sleep apnoea, individual care
planning and nutrition.
- Team included Registered Nurses (RN), Licensed Practical Nurses (LPN), Physiotherapists (PT), - No corresponding teamwork at the orthopaedic unit.
Occupational Therapists (OT), a dietician and geriatricians.
- The geriatric ward, where some of the control group
- Close co-operation between orthopaedic surgeons and geriatricians in the medical care of the patients.
patients were cared for, used teamwork similar to that in
the intervention ward.
- All team members (except the dietician) assessed each patient as soon as possible, usually within 24 - Individualized care planning was used in the orthopaedic
hours, to be able to start individualized care planning.
unit but not routinely, as in the intervention ward.
- Team planning of the patient’s individual rehabilitation process and goals twice a week.
- At the geriatric rehabilitation unit there was weekly
individual care planning.
- Systematic active prevention, detection and treatment of postoperative complications such as delirium, - No routine analysis of why the patients had fractured their
pain, decubitus ulcers.
hips; no attempt was made to systematically prevent further
-Oxygen-enriched air during the first postoperative day and longer if necessary until the measured oxygen falls nor was there any routine prescription of Calcium and
saturation was stable.
Vitamin-D.
-Urinary tract infections and other infections were screened for and treated.
- Assessments for postoperative complications were made
-If a urinary catheter was used it was discontinued within 24 hours postoperatively.
by checking e.g. saturation, haemoglobin, nutrition, bladder
-Regular screening for urinary retention, and prevention and treatment of constipation.
and bowel function, home situation etc. but these check-Blood transfusion was prescribed if B-haemoglobin, g/l, was <100 or <110 for those at risk of delirium ups were not carried out systematically as in the
or those already delirious.
intervention group.
- Blood pressure was measured during the first two postoperative days, twice a day.
- Anti-thrombosis treatment was similar to that in the

Intervention group
- Single and double rooms.
- 24-bed ward, extra beds when needed.

Table 9. Main content of the postoperative program and differences between the two groups in Papers II and III

Rehabilitation

Nutrition

- Body temperature was measured during the first three postoperative days, twice a day, and longer if
indicated.
-If the patient slept badly, the reason was investigated and the aim was then to treat the cause.
- Anti-thrombosis treatment during the first two postoperative weeks and anti-thrombosis stockings were
given to all patients.
- Investigation as far as possible regarding how and why the participants sustained the hip fracture, by
analysing external and internal fall-risk factors.
- Action implemented to prevent further falls and fractures including global ratings of the participant’s fall
risk every week during team meetings.
- Calcium and Vitamin-D and other pharmacological treatments for osteoporosis were administered when
indicated.
- Food and liquid registration was systematically performed the first four postoperative days
- Protein- and energi-enriched meals were served to all patients during the first four postoperative days
and longer if necessary.
- Nutritional and protein drinks were served daily through out the whole period of hospitalization.
- The surrounding environment was adjusted.
- The consistency of the food was considered, whether mixed, liquefied or jellied food was needed.
- All physical problems that led to the patients eating less were dealt with, such as constipation, bad oral
hygiene or pain.
- Consultation with the dietician when necessary
- Mobilization within the first 24 postoperative hours.
- The training included both specific exercises and other rehabilitation procedures delivered by a PT or
OT as well as basic daily activities of daily living (ADL) performance training, by caring staff.
- The patients always did as much as they could by themselves before being helped.
- The rehabilitation was based on functional retraining with a special focus on fall-risk factors.
- Home visit by an OT and/or a PT
- The PT/OT co-operated with colleagues working in community service for further consultation after
the patient was discharged from hospital.
- All patients were offered further out-patient rehabilitation after discharge.
- The PT or OT followed up all patients with a phone call two weeks after discharge and a home visit four
months postoperatively.
- A physician met the patients four months postoperatively to detect and prevent complications.

- Mobilization usually within the first 24 hours.
- The PT on the ward mobilized the patients together with
the caring staff.
- The PT aimed to meet the lucid patients every day.
- Functional retraining in ADL situations was not always
given.
- The OT at the orthopaedic unit only met the patients for
consultation.
- No home visits were made by staff from the orthopaedic
unit.
- The geriatric control ward had both specific exercises and
other rehabilitation procedures delivered by a PT and OT,
similar to those given on the intervention ward.
- No follow up by a physician at four months.

-No dietician was available at the orthopaedic unit.
-No routine nutrition registration.
-No routine for serving protein-enriched meals to the
patients.

intervention group.

Statistical methods
All calculations were made using the statistical software package SPSS© (SPSS Inc., Chicago,
Illinois) version 11 (Paper I) and version 12 (Paper II-IV). In Papers I-IV the chi-square test,
Student’s t-test, the Mann-Whitney U-test and Fisher’s exact test were used to analyze group
differences. A p-value of <0.05 was regarded as statistically significant in all analyses.
The sample size in Paper II was calculated to detect a 25% difference in number of days with
delirium between intervention and control groups at a significance level of 0.05. A multivariate
linear regression analyses were used to control for baseline differences (p<0.15) between the
control and the intervention group in Paper II. Data in Paper III are presented as means with
Standard Deviations (±SD). The MNA scores were analyzed in relation to baseline characteristics
and postoperative complications during hospitalization and at the four-month follow up in both
the intervention and the control groups using Student’s t-test. A multivariate linear regression
modelling was used in Paper III to control whether sex remained significant when analyzing the
BMI and body-weight change. A logistic regression method was used in Paper IV to analyze the
Odds Ratio (OR) of independent living, P-ADL and walking ability related to the surgical
methods, IF and HAP. The regression was adjusted for dementia, group allocation (intervention
/control) as well as for the baseline situation of every outcome variable respectively. The analysis
in Papers II-IV was based on the intention-to-treat principle, including all randomised patients.

Ethics
On admission the patients were asked both in writing and orally if they were willing to participate
in the study and told that they could refuse to participate further at any time. The next-of-kin
were asked for their consent if the patients were cognitively impaired. The Ethics Committee of
the Faculty of Medicine of Umeå University approved the study (§ 00-137).
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Results
Paper I
The mean age of the 61 patients included in Paper I was 82.6 (±6.2) and 60 % were women. One
third suffered from dementia and one third from depression (Table 7).
Thirty-eight patients (62%) were delirious on admission or developed delirium during their
hospitalization. Patients with delirium had more often been demented (16/37 vs 4/23, p=0.039)
and/or depressed (17/38 vs 4/23, p=0.029) before the fracture. Delirium was equally common
among those operated on using hook-pins 12/20 (60%) as among those operated on using HAP
25/39 (64%), p= 0.758. Delirious patients were also more dependent regarding I-ADL before
femoral neck fractures (Figure 8).

Figure 8. Independently performed activities of daily living (Katz ADL staircase) before the fracture among
patients with femoral neck fractures, with and without delirium (n=59).

Patients with delirium suffered more complications during hospitalization, such as urinary tract
infections and nutritional problems, compared to non-delirious patients (number of
complications 7.0±3.7 vs 3.9±2.5, p=0.001). Complications such as pneumonia (n=3), new
fractures (n=2), deep vein thrombosis (n=1), dislocation of the hip-replacement (n=3),
myocardial infarction (n=1) and stomach ulcer (n=1) only occurred among the delirious patients.
Patients with delirium during their stay on the ward were more often depressed, according to
scores on the GDS, compared to the non-delirious patients (5.5±3.6 vs 2.9±2.2, p=0.004) and
had lower scores on the PGCMS (9.3±3.6 vs 12.5±2.5, p=0.001) indicating poorer psychological
wellbeing during hospitalization. On discharge the delirious patients were more dependent
regarding P-ADL (Figure 9).
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Figure 9. Independently performed activities of daily living (Katz) on discharge among patients with femoral neck
fractures, with and without delirium (n=55).

At the four-month follow up delirious patients had or had had more complications than the nondelirious (5.4±3.3 vs 3.4±3.1, p=0.030). They were still depressed (14/30 vs 1/22, p=0.001), a
larger proportion had sleeping problems (12/30 vs 3/21, p=0.047), episodes of delirium (12/30
vs 2/22, p=0.013) and a larger proportion of delirious patients had had heart failures (7/29 vs
0/22, p=0.015). Although the activity level had deteriorated compared to prior to the femoral
neck fractures for a large proportion of both delirious and non-delirious patients, delirious
patients were more dependent in I-ADL (Figure 10). They also still rated their psychological
wellbeing as poorer, according to the PGCMS at the four-month follow up, than those who had
not been delirious (10.7±3.6 vs 12.8±2.0, p=0.012). Seven out of 38 (18%) patients who were
delirious during hospitalization had died by the time of the four-month follow up compared to
1/23 (4%) of the non-delirious (p=0.239).

49

Eating
Continence
Transfer
Toileting
Dressing

Non-delirious patients (n=22)
Delirious patients (n=31)

Bathing
Cooking
Transport
Shopping
Cleaning
0

20

40

60

80

100

%

Figure 10. Independently performed activities of daily living (Katz ADL staircase) at four months among patients
with femoral neck fractures, with and without delirium (n=53).

Paper II
In Paper II the intervention group consisted of 102 patients and the control group of 97 patients.
A lower proportion of the intervention patients (56/102, 55%) than of the controls (73/97, 75%,
p=0.003) were delirious postoperatively and this was seen as early as from postoperative day 1.
The differences in postoperative delirium in the two groups remained significant each day for the
first postoperative week (p=0.001). A larger proportion of patients in the control group were
delirious on at least one occasion during hospitalization after day 7 (p=0.001) (Figure 11). The
number of days with postoperative delirium was fewer among patients in the intervention group
(5.0±7.1 days vs. 10.2±13.3 days, p=0.009) than in the control group. Eighteen percent of
intervention patients were delirious after the seventh postoperative day compared to 52% of the
controls (p<0.001). Twenty patients in the control group were still delirious or had had episodes
of delirium on the day they were discharged in contrast to none in the intervention group
(p<0.001).
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Figure 11. Line plot showing the proportion of patients with delirium each day during hospitalization in the
intervention (I) vs control group (C).

There were some differences at baseline between the patients in the two groups. More patients in
the control group were depressed before the fracture and more were prescribed antidepressants
(Table 7) compared to the intervention group. However, the patients in both groups had equal
GDS scores during hospitalization (5.2±3.6 vs 4.5±3.5, p=0.271).
Among patients with postoperative delirium the only significant differences at baseline were that
the control patients were prescribed more antidepressants (55% vs. 36%, p=0.031 and had had a
previous wrist fracture (25% vs. 11%, p =0.040) compared to patients with postoperative
delirium in the intervention group. There was no significant difference in the prevalence of
preoperative delirium between the two groups, 22% of the intervention patients and 31% of the
control patients were delirious preoperatively (p=0.144).
Intervention patients suffered fewer complications during hospitalization. A larger proportion of
patients in the control group had urinary tract infections (51% vs. 31%, p=0.005), sleeping
problems (45% vs. 28%, p=0.009), nutritional problems (38% vs. 24%, p=0.038), falls (27% vs.
12%, p=0.007) and decubitus ulcers (22% vs. 9%, p=0.010).
More assessments of underlying causes of delirium were documented in the nursing records in
the intervention group compared to the control group (2.28±1.25 vs. 0.90±0.90, p<0.001).
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Similarly more treatments (1.69±1.56 vs. 0.56±0.98, p<0.001) for underlying causes of delirium,
were also documented. Delirious patients in the control group, on the other hand, when it was
documented that they were delirious were more often given sedatives (20/48, 42% vs. 6/39,
15%, p=0.008) and opioid drugs (29/47, 62% vs. 12/39, 31%, p=0.004) on demand than those
in the intervention group.
Intervention patients had a shorter total postoperative period of hospitalization (28.0±17.9 days
vs. 38.0±40.6 days, p=0.03) than controls, which was also true for intervention patients with
postoperative delirium (31.4±19.3 days vs. 43.6±42.7 days, p=0.03). Delirium per se was
associated with prolonged hospitalization. Mortality during hospitalization and at the four- and
twelve-month follow ups did not differ between the intervention and control samples (Figure 2).
A multivariate linear regression modelling revealed that all significant differences between the
intervention and control groups remained after controlling for baseline differences (preoperative
delirium, dementia, depression, age and sex) in the two groups (Table 10).

Table 10. Multivariate linear regression analysis performed to control for baseline differences between intervention
and control group. Dependent variable; number of days with postoperative delirium
Independent variable

OR

95%CI

Delirium preoperatively

6.06

2.92 - 9.19

Control group

4.29

1.75 - 6.82

Male sex

4.20

1.34 - 7.06

Depression

1.56

-1.17 - 4.28

Dementia

1.83

-1.21 - 4.87

Age

0.18

-0.02 - 0.39

Adjusted R Square 21.2%; p<0.001. Included variables: Age, sex, group and those variables associated with
delirium which differed (p<.15) at baseline (delirium preoperatively, depression and dementia) between intervention
and control group.

The number of days with postoperative delirium in patients with dementia in the intervention
group was 3.2±4.1 days and 12.8±17.6 days in the control group (p=0.003). In addition, 15
patients with dementia in the control group were still delirious or had had episodes of delirium
on the day of discharge in contrast to none from the intervention group (p<0.001).
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Paper III
Paper III included 157 patients with MNA scores (intervention group 83 patients, control group
74 patients) during hospitalization and at four months, of the 199 randomised patients in Paper
II. A large proportion of the participants were malnourished or at risk of malnutrition according
to the MNA scores on admission (48/83, 58% in the intervention group vs 47/74, 64 % in the
control group, Table 11). Low MNA scores were associated with postoperative complications
such as delirium in both the intervention and control groups and with decubitus ulcers in the
intervention group (Table 12). Fewer patients in the intervention group developed delirium
postoperatively (46 patients in the intervention group vs 54 patients in the control group, p=
0.022) and the number of days with delirium was significantly fewer (2.3±4.1 days in the
intervention group vs 7.9±13.4 days in the control group, p<0.001). Half as many in the
intervention group developed decubitus ulcers (7 vs 14, p=0.054) and those who did so were
almost exclusively suffering from severe malnutrition. The total hospitalization period for the
intervention group was shorter than for the control group (27.4±15.9 vs 39.8±41.9, p=0.019).
There were no differences in MNA scores between the intervention and the control groups on
admission and this remained unchanged at the four-month follow up. There was a significant
difference between the two groups for BMI and body weight on admission. BMI and body
weight remained almost unchanged at the four-month follow up in the two groups. There was no
difference in S-albumin levels or B-haemoglobin levels on admission between intervention and
control groups (Table 11).
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59.1±12.5
38.6±4.2
121.6±15.0

Body weight on admission, kg (mean±SD)

Body weight at four-month follow up, kg

S-albumin g/l ‡‡ (mean±SD)

B-haemoglobin g/l ‡‡‡ (mean±SD)

127.1±14.2

38.0±5.3

70.4±10.7

69.4±10.5

23.4±3.2

23.0±3.3

122.8±14.9

38.4±4.5

61.7±13.0

62.4±13.0

23.0±3.8

23.3±4.0

124.5±13.9

37.9±4.1‡

62.3±12.2

64.4±11.9

24.4±4.3

25.1±4.2

22.5 (19.4-25.5)

22.2±4.5

22.0 (20.0-24.2)

22.2±3.6

28.7±15.7

82.6±6.8

Women(n=62)

Intervention (n=83)

131.6±13.6

37.0±5.1‡

77.5±13.2

76.0±13.1

25.7±3.9

25.2±4.1

25.0 (22.2-27.0)

24.4±3.6*

25.5 (21.8-26.8)

24.1±3.5

23.4±16.2

80.4±6.8

Men (n=21)

126.3±14.1

37.7±4.4

66.2±14.1*

67.3±13.1*

24.7±4.2*

25.1±4.1*

26.3±1.6

20.9±1.9

14.2±2.7

23.0 (20.0-26.0)

22.7±4.4

26.1±1.4

20.7±1.8

15.0±2.3

23.0 (20.0-25.5)

22.6±3.6

27.4±15.9*

82.1±6.8

Total

Kg=kilos ‡ Data missing for 3 patients in the intervention group. ‡‡ S-Albumin normal range for women 34-44 (g/L) and for men 35-45(g/L). ‡‡‡ B-haemoglobin
normal range for women 125-158 (g/L) and for men 132-168 (g/L). * P-value < 0.05 SD= Standard Deviation Q1-Q3 = Interquartile 1 - Interquartile 3

22.9±3.9
60.3±13.0

BMI at four-month follow up

23.4±4.3

MNA 24p (n=22/39)

BMI on admission (mean±SD)

21.6±1.7
26.5±1.7

MNA 17.1-23.5p (n=38/35)

22.5 (19.4-24.5)

21.5±5.0
13.2±3.4

22.5 (20.5-23.2)

22.0±2.0

MNA 17p (n=14/9)

MNA at four-month follow up (median, Q1-Q3) 22.5 (17.2-26.5)

MNA at four-month follow up (mean±SD)

21.4±5.6

22.0 (19.5-25.5)
20.9±1.6

22.5(19.5-25.2)

22.0±4.3

26.3±1.6

22.0 (19.5-25.5)

MNA on admission (median, Q1-Q3)

21.9±3.8

39.8±41.9

82.2±5.6

MNA 24p (n=27/35)

22.0±4.4

MNA on admission (mean±SD)

47.4±41.1

81.4±5.4

MNA 17.1-23.5p(n=37/43)

37.5±42.3

Hospitalization, in days

Total

14.2±1.5

82.5±5.8

Age

Men (n=17)

MNA 17p (n=10/5)

Women (n=57)

Characteristics

Control (n=74)

Table 11. Age, hospitalization, S-albumin, B-haemoglobin and body weight, BMI and MNA scores for women and men on admission and at four-month follow up, control vs
intervention group

Table 12. Complications during hospitalization in relation to MNA scores at baseline in the control vs
intervention group (mean±SD)
Control
N=74

Characteristics

Delirium preoperatively ‡

N %

MNAscore

21 28

Intervention
N=83
MNAp-value N % score

19.8±3.7 0.006

14 17 21.3±4.2

Not delirious preoperatively ‡ 53 72

22.8±4.2

68 83 23.0±3.4

Delirium postoperatively

54 73

20.8±4.2 <0.001 46 55 21.3±3.6

Not delirious postoperatively

20 27

24.9±2.7

Delirium after day 7

33 46

20.2±4.2 <0.001 13 16 21.6±3.1

Not delirious after day 7

38 54

23.7±3.7

Delirium during
hospitalization

54 73

20.8±4.2 <0.001 48 58 21.4±3.6

Not delirious during
hospitalization

20 27

24.9±2.7

Diff p-value
p-value control/int ‡‡
0.116

0.279

<0.001 0.538

37 45 24.2±3.1

0.249

0.297

70 84 22.8±3.7

<0.001 0.486

35 42 24.3±3.1

Nutrition difficulties

26 35

19.8±4.8 <0.001 18 22 21.2±3.7

No nutrition difficulties

48 65

23.1±3.5

65 78 23.0±3.6

Constipation

37 50

21.0±4.9 0.062

30 36 23.1±2.4

No constipation

37 50

22.9±3.4

53 64 22.3±4.2

Decubitus ulcers

14 19

20.9±4.5 0.316

7 8

No decubitus ulcers

60 81

22.2±4.2

76 92 23.1±3.2

Urinary tract infection

37 50

21.3±4.2 0.171

27 33 22.8±3.4

No urinary tract infection

37 50

22.6±4.2

56 67 22.6±3.8

17.3±3.6

0.070

0.295

0.289

0.030

<0.001 0.081

0.826

0.136

‡ Data missing for one patient in the intervention group.
‡‡ Differences in p-value for mean MNA scores between control and intervention groups.
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All the malnourished patients in the intervention group increased their MNA scores from
admission to four-month follow up (n=5/5) compared to 7/10 in the control group but this did
not reach significance (p=0.505). Sixty percent of the patients (n=30/48) at risk of malnutrition
in the intervention group increased their MNA scores compared to 47% (n=22/47)in the control
group, but this difference was not significant (p= 0.124). When the well-nourished patients were
included in the analysis the difference was on the border of significance (intervention group
44/83 vs control group 28/47, p=0.057).
The women (n=119) in the study seemed to reduce their MNA scores by the four-month follow
up while men (n=38) on the other hand seemed to increase theirs, but this difference was not
significant (women mean MNA scores on admission 22.1±4.0 and at four months 21.8±5.1 vs
men mean MNA scores on admission 23.1±3.8, at four months 23.3±3.2, p=0.506). The women
also reduced their mean BMI and body weight over time while men increased theirs. The mean
BMI for women on admission was 24.3±4.2 and 23.7±4.2 at four months and for men the mean
BMI was 24.2±3.9 on admission and 24.7±3.7 at four months. The mean body weight for
women was 62.4kg±12.6 on admission and 60.8kg±12.4 at four months and the mean body
weight for men was 73.0kg±12.3 on admission and 74.3kg±12.6 at four months. These BMI and
body-weight changes over time (from admission to the four-month follow up) differed
significantly between women and men (p<0.001 in both cases). When controlling for differences
between women and men at baseline we found a few already existing differences. Women had
more osteoporosis (p=0.005) and had had more previous hip fractures (p=0.002) than men,
while men had more heart failure (p=0.013), and lung diseases (p=0.001) and more men than
women were living with a partner (p= 0.008). There were no differences in postoperative
complications between women and men except that men fell more during hospitalization (12/38
men vs 18/119 women, p=0.025). No other differences were found that could contribute to the
varying changes in MNA scores and BMI between women and men.
A linear regression modelling including lung and heart disease, living condition, age, dementia
and sex revealed that only sex remained significant when analyzing BMI changes (OR= -0.95, CI1.48- -0.43, p<0.001, Adjusted R Square= 10.1 %, p= <0.001) and for body-weight changes
(OR= -2.21, CI –3.50- -0.92, p=0.001, Adjusted R Square= 12.3%, p=0.001).
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Paper IV
In Paper IV 180 patients were included who were operated on using HAP or IF (HAP=111
patients and IF=69 patients). There were a few differences between the two groups of patients
on admission. There were more patients with dementia in the group operated on using IF
compared to HAP (27/69 vs 28/111, p=0.049), patients operated on using HAP had better
mobility prefracture (Table 13) and there was a trend for patients operated on using IF to take
more opioids (17% vs 8 %, p=0.059). A larger proportion of patients operated on using HAP
had heart failure postoperatively compared with IF patients (Table 14) and more HAP patients
had anaemia during hospitalization than IF patients (Table 15). IF patients had more pain in
their hip on discharge than those operated on using HAP (Table 15). There were no differences
between the two surgical methods regarding the use of analgesics on discharge nor in the total
mean length of stay (Table 14).
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Table 13. Number of participants living independently, independent in P-ADL, ability to walk independently at
least indoors and walking without walking aid indoors before fracture, on discharge, at four- and twelve-month
follow ups. Odds Ratio of the surgical method, HAP
IF
N=69

HAP
N=111

OR*

95 % CI

Before fracture

39

77

On discharge

30

64

0.60

0.20-1.79

At four months
At twelve months

31

62

0.70

0.21-2.41

26

52

0.81

0.28-2.38

26

61

On discharge

16

32

0.81

0.32-2.09

At four months

17

37

0.82

0.30-2.28

At twelve months

16

32

0.70

0.25-1.96
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101

On discharge

27

61

1.39

0.62-3.13

At four months

31

69

2.08

0.92-4.72

At twelve months

26

65

2.64

1.14-6.13

27

66

On discharge

0

4

At four months

10

37

2.64

1.05-6.62

At twelve months

16

38

0.92

0.33-2.57

Independent living

Independent in P-ADL
Before fracture

Ability to walk independently, at
least indoors
Before fracture

Walking without walking aid
Indoors
Before fracture

*Adjusted by a logistic regression analysis for baseline dementia and intervention/control group as well as baseline
situation of the outcome variable respectively. IF= Internal Fixation HAP= Hemiarthroplasty P-ADL=
Personal Activity of Daily Living OR= Odds Ratio CI= Confidence Interval
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Table 14. Complications during hospitalization and analgesic drugs used on discharge in patients operated on
using IF vs HAP, Numbers, (%), Mean ±SD
IF
N=69
Urinary tract infection (69/110) 29 (42)

HAP
N=111

p-value

39 (35)

0.378

Heart failure (68/109)

2 (3)

14 (13)

0.025

Decubitus ulcers (69/109)

8 (12)

18 (16)

0.365

Other infection (69/109)

9 (13)

23 (21)

0.173

Pulmonary embolism

0

2

0.525

Depression (69/110)

38 (55)

56 (50)

0.587

Delirium day 1

38 (55)

60 (54)

0.894

Delirium day 2 (69/107)

35 (51)

55 (50)

0.930

Delirium day 3(68/107)

31 (45)

53 (48)

0.611

Delirium day 4(68/107)

29 (42)

41 (37)

0.569

Delirium day 5(66/107)

24 (35)

43 (39)

0.616

Hospitalization, days

32.7±32.8

33.6±24.9

0.855

Mortality

4 (6)

7 (6)

1.000

Analgesics

60 (87)

89 (80)

0.242

Paracetmols

49 (71)

76 (68)

0.718

Opioids

18 (26)

28 (25)

0.897

IF= Internal Fixation HAP= Hemiarthroplasty

SD= Standard Deviation

Patients operated on using HAP seem to have a better functional recovery at four-month follow
up than those where IF was used; since more patients were able to walk without walking aid
(Table 13). There were no differences between the two surgical methods in terms of
complications, mortality or use of analgesics at four-month follow up (Table 16).
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Table 15. Complications, pain, assessments of psychological wellbeing, cognitive status, depression during
hospitalization, at four- and twelve-month follow ups among patients with or without dementia operated on using
IF vs HAP, presented as numbers or mean ±SD
IF
N=69

Hospitalization
Delirium preoperatively
Postoperative delirium

HAP
N=111

Dementia
N=27

Total
No
Dementia
N=42

Dementia
N=28

Total
No
Dementia
N=83

16***†
23**†

4
21

20
44

12**†
23*†

13
50

25
73

Anaemia

20

28

48

27

78

Dislocation

-

-

-

-

6

105***††
6

Reoperation

-

1

1

-

6

6

Fall

4

10

14

5

14

19

New fracture

0

1

1

4*†

0

4

Pain 38/77

6

22

28*††

6

34

40

PGCMS (49/87)

10.2±3.8

10.2±2.9

10.2±3.1

8.9±3.8

10.4±3.9

10.1±3.9

GDS-15 (49/86)

5.3±4.2

4.9±3.7

5.0±3.8

6.3±2.8

4.5±3.6

4.8±3.6

MMSE (65/100)

6.7±5.3***†

20.3±6.1

14.9±8.8

7.7±6.3***†

20.9±6.0

17.6±8.4

Four months (N=159)
PGCMS 4 months (49/85)

12.3±3.5

11.1±3.2

11.4±3.3

12.2±3.9

11.3±3.3

11.4±3.3

GDS-15 4 months (49/87)

3.2±2.6

4.4±3.1

4.1±2.9

3.8±3.1

4.0±3.1

3.9±3.1

MMSE 4 months (58/97)

9.8±6.9***†

22.1±6.4

17.7±8.8

8.7±8.1***†

23.2±5.0

19.6±8.6

Pain 4 months (49/85)

4

10

14

3

20

23

Reoperation (60/96) †††

-

3

3

-

4

4

Dislocation †††

-

-

-

-

4

4

PGCMS 12 months (46/81)

11.7±3.7

11.1±3.3

11.3±3.4

11.8±3.5

11.4±3.5

11.5±3.5

GDS-15 12 months (47/81)

4.3±3.7

4.8±3.3

4.7±3.4

3.7±1.9

4.6±3.4

4.5±3.2

MMSE 12 months (55/91)

8.6±6.3***†

22.0±7.0

17.4±9.3

9.0±7.1***†

22.4±6.3

19.3±8.5

Pain 12 months (43/80)

1

9

10

-

9

9

Reoperation (52/91) ††††

1

-

1

-

1

1

Dislocation ††††

-

-

-

-

1

1

Twelve months (N=147)

IF= Internal Fixation HAP= Hemiarthroplasty PGCMS=Philadelphia Geriatric Centre Morale Scale
GDS-15= Geriatric Depression Scale, short version, 15 MMSE= Mini Mental State Examination
*=p=0.05 **=p=0.01 ***= p<0.001 †= significant difference between those with and those without
dementia in separate surgical methods ††= significant difference between those operated on using IF compared to
HAP SD= Standard Deviation †††= from discharge to 4 months ††††= between four- and twelvemonth follow ups Pain assessed according to Rikshöft SAFHE
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Table 16. Complications and use of analgesic drugs at four-month follow up in patients operated on using IF vs
HAP, Numbers, (%)
IF
N=61

HAP
N=98

p-value

Urinary tract infection (60/95)

17 (28)

25 (26)

0.783

Heart failure (59/96)

5 (8)

11 (11)

0.553

Decubitus ulcers (60/96)

3 (5)

4 (4)

1.000

Wound infection (60/96)

4 (6)

4 (4)

0.485

Delirium (60/98)

16 (26)

19 (19)

0.311

Dementia (61/97)

27 (44)

29 (30)

0.066

Depression (61/97)

33 (54)

50 (52)

0.884

Mortality

3 (5)

5 (5)

1.000

Analgesics

42 (69)

65 (66)

0.809

Paracetamol

30 (49)

47 (48)

0.929

Opioids

12 (20)

9 (9)

0.061

IF= Internal Fixation

HAP= Hemiarthroplasty

At the twelve-month follow up there were still no differences in complications between the two
surgical groups (Table 17), but a larger proportion of patients operated on using HAP had
regained their independent walking ability compared to patients operated on using IF, adjusted
for baseline dementia and intervention/ control group (Table 13). There was a trend for patients
operated on using IF to still seem to have more pain in their hip one year after the surgery
compared to HAP surgery but there was no difference in the use of analgesics (Table 17).
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Table 17. Complications and use of analgesic drugs at twelve-month follow up, among participants operated on
using IF vs HAP, Numbers, (%)

Urinary tract infection (56/91)

IF
N=56

HAP
N=91

p-value

19 (34)

29 (32)

0.853

Delirium

16 (28)

20 (22)

0.401

Dementia (56/90)

29 (52)

37 (41)

0.246

Depression (53/89)

29 (55)

44 (49)

0.621

Mortality

4 (7)

6 (6)

1.000

Pain (43/80)

10 (23)

9 (11)

0.079

Analgesics

42 (75)

63 (69)

0.452

Paracetamol

29 (52)

42 (46)

0.507

Opioids

9 (16)

10 (11)

0.372

IF= Internal Fixation
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HAP= Hemiarthroplasty

Fifty-five patients diagnosed with dementia were included, 27 patients operated on using IF and
28 patients operated on using HAP. The only baseline differences were that more HAP patients
could walk without aid before the fracture compared with IF patients (p=0.014) (Table 18) and
more patients operated on using IF seemed to have had a previous stroke (11/26 IF patients vs
5/27 HAP patients, p=0.059). There was no difference in complications between the two surgical
groups during hospitalization or at the four-month follow up (Table 19). At twelve months
14/19 patients operated on using IF were depressed compared with 8/19 using HAP (p=0.049)
(Table 19). In addition, more patients with dementia operated on using HAP had regained their
prefracture ability to walk independently than those patients operated on using IF one year after
surgery (p=0.024) (Table 18). Six out of 83 patients dislocated their HAP during hospitalization
(Table 15) and all had been delirious postoperatively. Of these six patients three were from the
intervention group and three were from the control group. In this study sample there were no
dislocations among the patients with dementia during hospitalization or at the four- or twelvemonth follow ups.
When analyzing the difference between patients with and without dementia in the two surgical
methods, the only pre- and postoperative complication that differed was delirium. Patients with
and without dementia seem to assess their psychological wellbeing according to PGCM-scale
similarly and seem to have no more signs of depression or any more pain at either of the follow
ups (Table 15). When analyzing the functional performance and living situation between patients
with and without dementia, patients operated on using HAP seem to have a better outcome than
those operated on using IF (Table 18).
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Table 18. Number of participants living independently, independent in P-ADL, walking independently at least
indoors before fracture, on discharge, at four- and twelve-month follow ups among those with and without dementia
operated on using IF vs HAP
IF
N=69

HAP
N=111

Dementia
N=27

No dementia
N=42

Dementia
N=28

No dementia
N=83

Before fracture

4

35

8

69

On discharge

2

28

6

58

At four months

3

28

6

56

At twelve months

1

25

3

49

1

25

6

55

On discharge

-

16

-

32

At four months

1

16

2

35

At twelve months

-

16

1

31

Before fracture

16

39

22

79

On discharge

3

24

4

57

At four months

4

27

9

60

At twelve months

1

25

9

56

5

22

14

52

On discharge

-

-

1

3

At four months

-

10

4

33

At twelve months

-

16

4

34

Independent living

Independent in P-ADL
Before fracture

Ability to walk independently, at least
indoors

Walking without walking aid
indoors
Before fracture

P-ADL= Personal Activity of Daily Living
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IF= Internal Fixation

HAP= Hemiarthroplasty

Table 19. Complications during hospitalization, at four-and twelve-month follow ups, among the 55 patients
diagnosed with dementia on admission operated on using IF vs HAP, Numbers

During hospitalization
Urinary tract infection
Heart failure

IF

HAP

N=27

N=28

p-value

11

12

0.874

1

4

0.353

Postoperative delirium

23

23

1.000

Decubitus ulcers

5

5

1.000

Depression (27/27)

20

17

0.379

Wound infection

4

6

0.729

Urinary tract infection (22/24)

4

7

0.383

Decubitus ulcers (22/24)

0

3

0.086

Depression (23/23)

17

12

0.127

New fracture (23/24)

1

1

1.000

Wound infection (22/24)

2

1

0.600

At four months

At twelve months
Urinary tract infection (20/21)

9

11

0.636

Decubitus ulcers

1

0

0.487

Depression (19/19)

14

8

0.049

New fracture (20/21)

2

1

0.606

Wound infection

0

0

IF= Internal Fixation HAP= Hemiarthroplasty
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Discussion
Many people will sustain a hip fracture at some time during their life time, and many of those will
have dementia. One common postoperative complication after a hip fracture is the development
of delirium, which occurs both among those with and without dementia. Delirium is a syndrome
that, by definition, always has an underlying cause and can be treated. This study shows that a
postoperative program, which included systematic assessments to prevent, detect and treat
postoperative complications, an active nutrition and rehabilitation based on functional retraining,
can reduce the number of days with delirium, reduce the number of other complications and
shorten the period of hospitalization. The intervention seems to have positive effects even on
patients with dementia. Furthermore, the nutritional intervention might have contributed to the
lower prevalence of complications during hospitalization, such as delirium and decubitus ulcers,
in the intervention group. The nutritional intervention had no effect on nutritional parameters at
the four-month follow up. However, it was found that men seemed to have a better outcome
regarding nutritional parameters, irrespective of the intervention, compared to women.
Surgical methods, HAP vs IF, were also evaluated. It seemed that patients both with and without
dementia operated on using HAP had a better functional recovery after one year than patients
with dementia operated on using IF. It also seemed that postoperative delirium might contribute
to more suffering for these patients since it was only those with postoperative delirium, but
without previous dementia, that dislocated their HAP while hospitalized.
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Intervention program
This program included individual care, active and systematic check-ups for postoperative
complications, active nutrition and rehabilitation that was based on functional retraining. In many
ways you would expect the treatment used in the intervention program to be the standard
treatment for hospitalized patients. The evaluation of the study showed however, that this was
not the case. The study showed that implementing the program meant that there were fewer days
with postoperative delirium, fewer postoperative complications and a shorter hospitalization. The
active and systematic assessment, preventing and treatment of several factors or complications
such as urinary tract infections, hypoxemia, anaemia, constipation, falls, decubitus ulcers and
nutritional complications probably contributed to the favourable outcome. In addition a
multidisciplinary team is important; each member of the staff has an essential duty to fulfil in the
care and treatment of the frail old patients. No other study has produced the same results as the
present intervention regarding delirium among patients with hip fractures. It seems that
successful intervention programs have to include all 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. The main goal for intervention strategies should be to prevent, detect and
treat the causes of delirium (121).
The strength of the present intervention is that it is an RCT and we believe that it is applicable
both in early postoperative care as well as in post-acute rehabilitation settings and it seems rather
easy and inexpensive to implement within already existing activities. Among hip-fracture patients
the intervention program in Paper II, seems to have had a better effect than previously published
randomised studies (Table 3), and to have had similar results as a non-randomised study
performed with a similar program (19) but there the results were compared with historical
controls. In internal medicine departments, studies (9, 48, 49) have found a reduction in the
duration of delirium, length of hospital stay and a lower in-hospital mortality in delirious patients
with similar interventions.
In Paper III, nutrition might have contributed to the lower prevalence of decubitus ulcers, since
the intervention group developed only half as many decubitus ulcers. Those who developed
decubitus ulcers in the intervention group were almost exclusively suffering from severe
malnutrition. However, the intervention program did not significantly improve their nutritional
status according to the BMI and body weight in the intervention group compared with the
control group which is in line with the results of other studies (81, 122). A previous nutritional
supplement study showed a trend towards a delay in the onset of decubitus ulcers (123) but
found no effect on the incidence of decubitus ulcers in the supplement group. Since nutrition
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was just one part of the present program, it is impossible to know which part of the intervention
that actually was effective. However, it is likely that it is the worst-off patients who benefited the
most from the intervention or that those are the patients whose nutritional status is the most
difficult to improve, since they might already be in a catabolic state.
There are parts in the intervention program that are important and nurses together with the
multidisciplinary team should pay attention to all the different aspects when caring for these
patients. Just keeping a nutritional journal and being involved in the patient’s meals might have
contributed to some improvements in the patient’s nutrition. This is in line with Pedersen et al,
who individualized the nutritional care for the patients and increased the intake of energy and
protein during hospitalization (76). Hip-fracture patients are commonly malnourished on
admission (67, 124) and thus they are already catabolic (125). It is hard to believe that it would be
possible to rapidly turn this serious catabolism around with an intervention that did not start
before the surgery. Trauma patients in general and hip-fracture patients in particular need more
energy, essential nutriments and fluid intake, starting from the time of the injury, throughout
surgery and during rehabilitation. A previous study (70) has shown that hip-fracture patients
remain in a catabolic state for at least eight days after surgery. Poor enteral intake and the
prolonged catabolism were associated with an increased risk of complications. The present
nutritional intervention in Paper III probably started too late, was not extensive enough, and was
carried out for too short a period to result in any detectable effect on nutritional parameters, at
least not at the four-month follow up.

Delirium
Prevalence of delirium
The rather high prevalence of delirium, 61 % in Paper I and 67% in Paper II, are in the same
order of magnitude as in a previous study (18).The high incidence of delirium in Papers I and II
might be explained by a higher mean age (82 resp 82 vs 79), a larger proportion of dementia
(33% resp 32% vs 15%), depression (34% resp 39% vs 15%) and stroke (20% resp 25% vs 16%).
Other studies have reported lower frequencies of delirium but they have included different types
of patients with hip fracture or excluded patients with dementia, aphasia or signs of cognitive
impairment on admission (20-22, 36). Another explanation for the high number of delirious
patients in Papers I and II might be the choice of surgical methods (IF vs HAP), since HAP is a
more demanding surgical procedure. The author expected to find a difference in postoperative
delirium between the two surgical methods, but found neither difference in either Paper I or
Paper IV. However, in Paper IV more patients with dementia developed delirium postoperatively
than patients without dementia, in both the IF and the HAP group (Table 14).
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Risk factors for delirium
Depression and dementia are well-known risk factors associated with postoperative delirium, as
confirmed in Paper I as well as by others (18, 24, 34, 35, 126). Both dementia and depression are
characterized by reduced transmitter levels in the brain, which is associated with the development
of delirium. Falls and injuries are stressful, and the stress is enhanced by hospitalization and
surgery; all stress factors that may contribute to delirium are probably mediated by
hypercortisolism (29-31). Other precipitating factors for developing delirium are hypoxemia and
anaemia (34, 39). The combination of hypercortisolism and factors threatening the cerebral
oxygen metabolism seem to be particularly dangerous for these old, frail hip-fracture patients (30,
32).
Complications
One common precipitating factor for delirium is urinary tract infection (25, 34) which was in line
with what we found in Paper I. Other complications such as heart failure and nutrition problems
might be a consequence of a stressful delirium. These complications might create a vicious circle
prolonging the delirium, resulting in even more complications and a prolonged hospitalization
(18, 25, 43). In Paper II fewer patients suffered from these complications in the intervention
group than in the control group, which might be explained by the systematic prevention,
detection and treatment of these problems. For example if the patients had a urinary catheter
after surgery, it was usually discontinued within 24 hours in the intervention group, while this was
not done systematically in the control group. We did not, however, evaluate whether the patients
in the intervention group were offered treatment for urinary tract infections more often or how
long the treatment was. However, analysis of the nursing records revealed that more assessments
and treatments of underlying causes of delirium were documented in the intervention group than
in the control group.
The documentation in the nursing records indicated that in the control group, the staff treated
the symptoms of delirium with morphine or sedatives instead of searching for and treating the
underlying complications. Some degree of postoperative pain is inevitable, but if the patients are
worried, restless, in excessive pain or delirious the reason for their condition was not usually
investigated in the control group. Symptomatic treatment may have disguised acute symptoms of
disease and thus led to a delay in the adequate diagnosis and treatment of complications. One
explanation could be that the staff on acute surgical wards might lack knowledge about dementia
and delirium and therefore not differentiate between dementia and delirium. In addition, the
average treatment time for an orthopaedic patient is usually less than a week after which patients
are discharged or moved to a rehabilitation ward and for this reason it is likely that they treat the
patients from a different perspective than is the case in a geriatric ward.
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In Paper II it also seems that patients with dementia benefited the most from the intervention
program. They had fewer days with delirium and fewer were still delirious on discharge compared
with patients with dementia in the control group. Since patients with dementia constitute a large
proportion of those who sustain hip fractures it seems that such patients warrant special effort in
treatment and care. Stenvall et al showed that the intervention program resulted in a significant
reduction in the incidence of falls during hospitalization especially among patients with dementia
(127).
Rehabilitation outcome
In Paper I we found, in agreement with other studies, that patients who develop delirium during
hospitalization are more dependent in their ADL than non-delirious patients, before the injury,
on discharge and at follow up (12, 36, 45). Not only are delirious patients at risk of having
reduced mobility after hip fracture surgery, but they often have to change permanently their life
and housing situation (11).
In Paper IV we evaluated the surgical methods, IF vs HAP, and more HAP patients with
dementia seemed to have regained their ability to walk independently one year after the surgery,
which is in line with a previous study (92). Others have found a trend towards poorer walking
ability for patients with cognitive impairment operated on using HAP (56, 59). Another study
found that more patients with cognitive impairment were less mobile at four months than
patients with a normal mental state (57). All patients in that study were treated with the same
surgical method (HAP), the comparison was made between patients with cognitive impairment
and those with a normal mental state. The result in Paper IV indicates that patients with dementia
should get the same treatment and rehabilitation as those with no dementia , i.e. the optimal
surgical treatment. Most research evaluating surgical methods has excluded patients with
dementia, meaning that there is the lack of knowledge about this population (89, 91, 128, 129).
Another aspect is that the studies that have included patients with cognitive impairment have not
discriminated between dementia and delirium ( Table 6). These studies had no interventions in
rehabilitation, which seems to be an important part in the care of old, frail and vulnerable
patients, both with and without dementia (130, 131).
Nursing staff traditionally have an innate tendency to give patients more help than they actually
need in order to save time (45). Not giving the patients any opportunity to perform daily
activities at their own pace does not promote independence. One might suspect that delirious
patients, who are more dependent than the non-delirious, suffer more from such “excessive care”
(127, 132). Independence is important for the patients, even if it takes a long time for the staff to
help them; the patients will gain in both the long and short run, since they soon have to do it
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themselves after discharge. In the intervention group the staff took advantage of the patients’
own ability regarding ADL; only patients who needed it were helped. Patients were encouraged
to be up as much as possible, meals were served in a dining room and wheelchairs were mostly
avoided. These programs were efficacious, improving the outcome for the hip-fracture patients
and shortening the duration of hospitalization. Stenvall et al could even show this result from a
long-term perspective (130). More patients in the intervention group had regained their
independence in P-ADL and more had regained their ability to walk independently at one year.
Psychological wellbeing
This study included patients with cognitive impairment but the assessment, the PGCMS, to
evaluate psychological well-being used in Papers I and IV is applicable to those who are suffering
memory loss (110) and seems to be applicable even among the oldest old (109). In Paper I
patients with delirium had lower scores on the PGCMS both during hospitalization and at the
four-month follow up indicating poorer psychological wellbeing or morale. To our knowledge,
this is the first study to evaluate psychological wellbeing after femoral neck fracture surgery in
relation to delirium. Unfortunately, the patients’ psychological wellbeing prior to the fractures
was not assessed. It is important to note the poorer wellbeing of delirious patients since it might
be possible to intervene in order to improve their psychological wellbeing by proper treatment of
the delirium. The experience of delirium is that it is threatening and can contribute to anxiety and
depressed mood (46). In the present study we did not interview the patients about the experience
of delirium. Delirium causes severe suffering (46) but was only assessed or quantified in this
thesis. Both study nurses experienced the frustration and the fear that the participants sometimes
expressed after being delirious. These experiences are carefully described in a previous study with
patients who had had orthopaedic surgery (47). As one patient put it; quotation: “But the
strangest thing was that I thought that half the apartment was the hospital and half of it was
mine. I could not understand why so many people I did not know were in there rummaging
around in my things…” or as another said: “Well, see this whole course of events, that was
strange. I thought it was as if I was going to die or something….When I think about it I find it
unpleasant somehow… I thought it was frightening, very frightening… I think it gets unpleasant
then. It was awful”.
Psychological wellbeing or the quality of life – a term other authors have used – has been studied
in hip-fracture patients but only among those who were lucid and using a different assessment
(91, 128). Both those studies used the EuroQol-5D (EQ-5D) index to assess quality of life which
requires that the patients are sufficiently cognitively intact to understand the questions. Patients
operated on using THA in one study (91) were assessed as having a better quality of life at fourand twelve-month follow ups than patients operated on using IF but by the end of the study (48
months) this difference was no longer significant. The other study (128) found that patients with
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a displaced fracture, operated on using IF, had a significantly lower assessment of quality of life
than patients with undisplaced fractures operated on using IF. We found in Paper IV, that
patients operated on using IF and HAP assessed their psychological wellbeing (according to the
PGCMS-score) as rather high, with little variation over time, regardless of cognitive state. A
comparison between these studies might not be satisfactory since both the assessments and the
treatments are different, thus any interpretation must be made with caution.

Gender difference
In Paper III women seemed to deteriorate while men improved regarding all their nutritional
parameters regardless of intervention. This is the opposite of what previous studies have found
(7, 72). A Spanish study of hip-fracture patients showed that men had a poorer nutritional status
at the time of the fracture than women and that more men died during the first three months
postoperatively (72). A similar result was found in the US when studying gender differences in
prefracture status and postoperative outcome in old hip-fracture patients. Men were more likely
to have severe comorbidities than women at the time of surgery and men also sustained more
medical complications (7). This was not the case in Paper III. Furthermore, men did not have
more postoperative complications during hospitalization, apart from sustaining more falls (131).
One might speculate about the reason for this gender difference in Paper III, since it contradicts
other findings. One possible explanation could be that more men in the present study were living
with a partner, which tends to mean that they have a more adequate diet and more support than
people living alone (80). Yet, Endo et al (7) found a similarly high percentage of men living with a
partner but who still had more complications. Another possibility could be that women take
more pharmaceutical drugs and therefore lose their appetite and eat less or perhaps we
unconsciously actually treat men better when they are admitted to hospital.

Surgical methods
Previous studies on hip-fracture patients have not discriminated between dementia and delirium
(Table 6). To our knowledge there is no other study that has evaluated the surgical methods in
relation to the development of delirium. Delirium by definition always has an underlying cause
and can be prevented and treated, as opposite to dementia. Since others have not discriminated
between dementia and delirium it is difficult to compare our results in Paper IV with those
obtained by others.
The fear that prosthesis dislocation will occur in patients unable to adhere to instructions because
of cognitive impairment has been a major argument against the use of arthroplasty in hip-fracture
surgery. Since patients with dementia constitute a large proportion of hip-fracture patients, they
deserve special assessment and treatment in order to prevent them from suffering unnecessary
complications. In Paper IV only non-demented patients who developed delirium dislocated their
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hip and, since dislocation is a serious complication, it is very important to prevent delirium. Old
patients with hip fracture are frail and vulnerable, thus it is important to be observant and to
detect these complications as early as possible. The sooner the complications are detected the
sooner the right treatment can be implemented. All observations and changes in ongoing care are
of great importance. Nurses play a significant role in the care of these people since they have the
most on-going contact with the patients, they can use the information they obtain from spouses
and are perhaps in a position to first detect delirium at an early stage. It has been shown that
nurses might be more likely to recognize or document the syndrome than physicians (133).
Another aspect in this matter, showed in Paper IV, is that a large proportion of patients with
dementia developed delirium during hospitalization, but surprisingly did not dislocate the
prosthesis. The patients with dementia in this study sample could have had a different level of
severity or symptom profile of delirium than the non-demented patients who suffered from
delirium. The non-demented patients could have had a different type of postoperative delirium
resulting in dislocation. Unfortunately, the severity or symptom profile of delirium was not
assessed. If postoperative delirium can be prevented, it seems that the risk of dislocating the
prosthesis can also be reduced, probably even among patients with dementia. From a holistic
perspective, geriatric assessment and prevention of complications is probably one of the greatest
unexplored areas for improvement in hip-fracture surgery. Even the most elegant surgical
procedure is of limited use to the patient if she leaves the hospital with impaired cognition. Most
surgical units do not assess the cognitive state of old patients even though it has been found to
be a strong predictor for the prognosis for the hip-fracture patient (134). Usually in fracture
surgery neuropsychiatric impairments in old people are not categorized; despite that dementia
and delirium having quite different clinical implications.
Patients with dementia operated on using HAP in Paper IV seemed to have a more favourable
outcome than those operated on using IF, despite the longer operating time and the greater
blood loss during surgery. With modern anaesthesia and perioperative care, however, these
factors did not seem to be of major importance. We, therefore, believe that dementia per se is
not a contra-indication for prosthesis, as has previously been claimed (Table 6). Perhaps the
basic problem, as the author has repeatedly emphasised, is the failure to assess cognitive
impairment in old people in emergency surgical wards and the failure to differentiate between
delirium and dementia.

Mortality
Delirium has been shown to be associated with increased mortality (27, 135-137). In Paper I,
seven of the delirious patients had died after four months compared with just one of the nondelirious patients. However the difference was not statistically significant, probably due to the
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small sample size. In Paper II there was no difference in mortality between the intervention and
control sample during hospitalization or at any follow-ups.
Mortality is one outcome in nutritional studies (Table 5) but only one study found any significant
difference, a lower mortality rate in the intervention group at the six-month follow up (75). This
was not the aim in Paper III, since the participants were the survivors, with MNA scores after
four months. They might have been a healthier sample than the whole sample of 199 patients,
out of which 22 died during hospitalization and up to the four-month follow up. There was no
difference in mortality rate between the two surgical groups, IF and HAP, in Paper IV.

Ethical considerations
The intervention program (Papers II-III) was considered to improve the care of patients with
femoral neck fracture and the control group did not receive this program during the study.
However, it is necessary to have a control group for scientific evaluation. In addition, patients
with dementia were included in the study. They represent about 30 % of all hip-fracture patients
and were most likely to gain from improvements in hospital care. For this reason it seemed
unacceptable to exclude them.
The patients were asked, both in writing and orally, if they were willing to participate in the study
and the next-of-kin were asked for their consent if the patients were cognitively impaired. The
study might involve an encroachment on the patients’ integrity but all the data were handled
confidentially. The assessments used in the study were not like the ordinary routines in the
orthopaedic or geriatric departments and might have been demanding and sometimes even
insulting for the patients, but they were able to refuse to participate further at any time. The nextof-kin could also refuse further participation for the patient at any time. The assessors were
experienced in dealing with old people with cognitive impairment and, sensitive to any signs of
discomfort that the patients showed, to know when to interrupt the assessments.
The four- and twelve-month follow ups for the control group were only a meeting/ follow up for
assessments while in the intervention group the follow up could lead to medical, physiotherapy,
occupational therapy or nursing interventions for the patients. This might contribute an ethical
issue, but if the problem in the control group was a significant medical complication the patients
were recommended to contact the healthcare service for further treatment.
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Methodological Considerations
Randomisation
For practical reasons the randomisation was not done as early as in the emergency room.
Randomisation was done using opaque sealed envelopes which were given to the patients while
they were in the emergency room, but were not opened until immediately before surgery to
ensure similar preoperative treatment. A nurse on duty at the orthopaedic department, not
involved in the study, opened the envelopes. The randomisation was stratified according to the
surgical methods (IF, HAP or DHS) used in study II.
The analyses were based on intention to treat. Only five percent of the patients refused to
participate in the study and there were only a few drop-outs, who were similar over time and
between the two groups in Papers II and IV. There was missing data in Paper III that could be
explained by failed routines pre- or post-operatively.
Generalizability
One strength of the present study is that the intervention program could be applied both in early
postoperative care as well as in post-acute rehabilitation settings. The main goal was to prevent,
detect and treat the cause of postoperative delirium, since delirium by definition always has an
underlying cause. Today, in industrialized countries most surgical hospital beds are occupied by
old people and this is an increasing global trend. The program could be applied not only to
femoral-neck-fracture patients, but to old patients in general with acute medical or surgical
problems. This thesis shows that postoperative delirium can be treated by a team applying
comprehensive geriatric assessment, management and rehabilitation. The present intervention
probably had the most favourable outcome reported on postoperative delirium. Our results,
which showed that postoperative delirium can be treated resulting in fewer days with
postoperative delirium and fewer postoperative complications, may be reinforced by the fact that
the intervention group had fewer falls and shorter period of hospitalization. The reporting of falls
and the registration of length of stay in hospital could not be affected by the assessors’
involvement.
Limitations
One limitation in the study was that the two nurses knew which group the patients belonged to
both during hospitalization and at the follow ups; they were not blinded concerning group
allocation and might unconsciously have been loyal to the ward they were working on. This was
partly done for financial reasons. However, the nurse that worked in the orthopaedic ward
assessed patients in the intervention group and the nurse working in the geriatric ward assessed
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the patients in the control group. Bias is possible, but not likely. Before the study started the two
nurses tested the assessments by doing parallel testing.
In Paper II there were 27 missing cases (Figure 2) due to failure of inclusion routines. This is a
disadvantage but could be explained by the large number of people working in the hospital. It is
difficult to organize the whole staff to work for the best interest of the study, since new members
of staff are employed all the time. As mentioned earlier, patients who declined participation or
did not participate in the study for some other reason, were often admitted from their own
apartment/house, had suffered the fracture in the hospital, and were male. They seemed to be
healthier and thus might have reduced the proportion of delirious patients if they had been
included in the study.
It would have been interesting to have calculated the actual cost of the intervention. Today the
only figures we have relate to the cost of a four-day staff education for the intervention group, a
similar level of staffing and fewer days with delirium, fewer other complications and shorter
hospitalization in the intervention group. These results might indicate that the program had a
financial impact but maybe the most important thing was the substantial humanitarian impact.
Another limitation was that the assessment of psychiatric symptoms, as well as the cognitive
testing of the patients was only carried out on one occasion during hospitalization. As delirium
fluctuates over time it would be of interest to have repeated the tests. A specialist in geriatric
medicine determined whether or not the patients met the DSM-IV criteria for delirium. He
analyzed all assessments and records during one period after the study was finished. The
diagnosis of delirium was based on the assessments carried out by the study nurses. The
geriatrician also decided whether the documentation for each day indicated that the patient was
delirious mainly based on the nurses’ documentations in the records while it was difficult to carry
out the analysis of the records totally blinded but it was also difficult, if not impossible, to
remember which group the patient belonged to, especially since a large proportion of the patients
in the control group (n=40) were transferred to the geriatric control ward. This means that the
comparison was not primarily between geriatric care vs. orthopaedic care, but between an
intervention program and conventional care in both the orthopaedic and in another geriatric
ward.
Exactly which part of the intervention in Paper II actually had effect is uncertain. The total effect
of the multi-factorial program seems to be greater than the sum of its separate parts. However,
compliance within the separate parts of the intervention was not evaluated. The main focus – to
systematically prevent and treat postoperative complications – might have resulted in the positive
effects in the intervention group i. e. fewer days with delirium, fewer postoperative complications
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and a shorter hospitalization period. Compliance in the nutritional intervention in Paper III is
similar. The assessment tool, the MNA, is well validated for the detection of malnutrition in older
people (138, 139). However, we only assessed MNA on one occasion, three to five days
postoperatively, and at the follow up (four months). Unfortunately we have no nutritional
parameters for assessing the effect of the nutritional intervention during hospitalization. A
nutritional journal in order to calculate the calories the patients consumed was kept in the
intervention group for the first four days postoperatively but this was not done in the control
group. Nutritional and protein drinks were also served during the whole hospitalization period in
the intervention group but we do not know exactly how much or how many of the drinks were
actually consumed. Thus we are unsure about compliance in both groups and this should be born
in mind when interpreting our results.

Clinical implications
Old patients who sustain a hip fracture might develop delirium and the syndrome might have a
severe impact on the patient. Since studies have shown that delirium can be prevented and
treated more attention should be focused on this area. Delirium, by definition, always has an
underlying cause and is reversible. It should be taken seriously and efforts should focus on the
care, assessment and the treatment of the patients. This multi-factorial, multidisciplinary
intervention program showed that postoperative delirium can be prevented and treated by a team
applying comprehensive geriatric assessment, management and rehabilitation. A reduction in
delirium resulted in fewer postoperative complications and a shorter period of hospitalization and
probably had a substantial humanitarian impact.
It seems that patients with dementia benefited most from the intervention program. They
probably have the lowest threshold for delirium but their delirium is probably often regarded as
an unavoidable part of the dementia syndrome. This view, alas, does not encourage assessment of
the underlying, preventable and treatable causes of the delirium or the taking of necessary actions
to combat it. This neglect gives rise to unnecessary morbidity and costs. A more widespread use
of basic geriatric principles, such as this intervention program in emergency surgical wards would
no doubt have a great impact both from a humanitarian and a financial point of view. Better
cooperation between different healthcare disciplines probably plays an important role in this
matter.
The care of old people has been ignored, despite the fact that the number of old people is
actually increasing with every year. The standard care seems to be poor and needs to be
improved. The National Board of Health and Welfare (140) has guidelines for how we should
care for old, hip-fracture patients, but do we follow these guidelines? Probably not. Our
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knowledge about old human beings needs to be improved. We should learn that it is important to
look at the whole person, to individualize care, as well as to systematically prevent, detect and
treat delirium and other postoperative complications. Such considerations should always be
prerequisites in surgery for old people.
It is essential to improve the care before admission to hospital by giving more attention to
oxygen treatment and pain alleviation. It is also important in the preoperative care to focus on a
more adequate awareness of energy needs and fluid intake and on reducing the waiting time for
surgery. Postoperative care, as is shown in the present intervention program, concentrating on
the prevention, detection and treatment of postoperative complications associated with delirium
and fall prevention, is also necessary. A future challenge is to encourage patients to understand
the need for prolonged rehabilitation. The need for rehabilitation does not cease just because the
patient is discharged; rehabilitation might need to continue for at least one year after the surgery.

Implications for future research
Further research is needed for old people! Enormous amounts of money are invested in new
surgical techniques and hardware, little in the soft ware – in the patients themselves – and
especially the old patients who have dementia. The present thesis indicates that a postoperative
intervention program including an active prevention, detection and treatment of postoperative
complications is beneficial but could probably be further improved. It would be interesting to
research the results of having a team carrying out comprehensive geriatric assessments from
before surgery to the end of rehabilitation. This was not possible in the present study.
Further research is needed from the time of injury since there are a number of different elements
that could be improved. For example there is a need to improve the alleviation of pain, to
improve oxygen treatment, to prevent decubitus ulcers, to improve the parenteral nutrition and
to shorten the waiting time for surgery. Our multi-factorial multidisciplinary program actually
started in the ambulance on the way to the hospital. This part of the program was available to
both the control and the intervention group but was not evaluated. Thus, control of compliance
prehospital and preoperative, has not been evaluated but was the same in both the intervention
and the control group.
Future research should include all the good aspects of caring and medical intervention shown in
the present intervention program, but with an improved nutritional intervention. The nutritional
intervention should include important essentials given before the surgery – as early as in the
emergency room, throughout hospitalization and perhaps even longer, maybe for at least one
year. When the patients are waiting for surgery they should be given basic parenteral nutrition,
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with the most important elements included. During postoperative care small and enriched meals
should be spread out equally over the whole day. As shown in this thesis, and in earlier research,
it is hard to improve nutritional parameters during hospitalization and a nutritional supplement
alone might not be enough. Involvement in the patient’s home situation, how they cook or if
they have sufficient support at home, are other important aspects of treatment or care.
Nearly all the hip-fracture patients are in pain after they fall and injure themselves. The pain
might be hard to alleviate and when it is, the patients develop delirium because they cannot
tolerate all the opioids they are given. Future research is needed in this field to discover a better
way to alleviate their pain with fewer side effects. Perhaps blocking the femoral nerve could be an
alternative way to alleviate the pain and reduce the incidence of delirium for old patients with hip
fractures.
Many old patients are prescribed several drugs, many of them may be inappropriate for this
group as the side effect might cause both falls and delirium. More knowledge and research is
needed into this frail, old population in order for us to understand the changed sensitivity and
side-effects of the drugs. More research is also needed to evaluate new pharmacological
treatments, such as the treatment of severe delirium with cholineesteraseinhibitors.
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General Conclusion
Patients with dementia and depression are at increased risk of developing delirium after being
operated on for femoral neck fractures. Delirium has a serious impact both on the rehabilitation
outcome and on several other aspects of the life of patients treated for femoral neck fractures. It
is important to differentiate between dementia and delirium in the acute situation since delirium
by definition always has an underlying cause that can often be avoided or treated.
The multi-factorial intervention program described in this thesis resulted in fewer days with
delirium, fewer other complications and a shorter period of hospitalization. Thus, it shows that
postoperative delirium can be successfully treated by a team applying comprehensive geriatric
assessment, management and rehabilitation. The care should include assessments, prevention and
treatment of factors that could cause or prolong delirium. It seems that an intervention program
needs to include all aspects of good medical and nursing care and that the total effect of the
program seems to be greater than the sum of the separate parts. Implementing a postoperative
intervention program will probably have a substantial humanitarian and even a financial impact.
Malnutrition is common in hip-fracture patients and is associated with an increased risk of
postoperative complications. The nutritional intervention might have contributed to the shorter
duration of delirium, fewer decubitus ulcers and to the shorter period of hospitalization but it
had no significant effect on long-term nutritional status. However, men seem to have a more
favourable outcome than women regarding nutritional parameters after a hip fracture, both with
and without a nutritional intervention.
More patients with and without dementia, operated on using HAP, had regained their functional
ability at the one-year follow up compared to those operated on using IF. No patients with
dementia dislocated their HAP. However, patients without dementia but who developed
postoperative delirium dislocated their HAP. As delirium can be prevented and treated many of
the dislocations can probably be prevented. No difference in mortality was seen between the
surgical methods used. This shows that dementia per se should not disqualify patients from
being operated on using the most appropriate surgical method.
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