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Background Postoperative delirium is a frequent and
serious complication in elderly patients following opera-
tion for hip fracture, leading to an increased risk of
complications. The pathophysiological mechanisms are
unresolved, but probably multifactorial. The purpose
of this review is to summarize current knowledge about
the pathogenesis of postoperative delirium with a view
to finding strategies for prevention and management.

Method We conducted an Internet search through
the Medline database (1966-March 2003) and supple-
mented it with a manual search. We included 12 stud-
ies which specifically discussed pathogenic factors or
interventions against postoperative delirium following
operation for hip fracture.

Results 1 823 patients were included with an average
incidence of delirium of 35%. We concentrated on pre-,
intra-, and postoperative risk factors. Only advanced
age and dementia met our fixed criterion of “strong
evidence” for a significant association. Hence, from the
studies that we reviewed we were unable to find intraop-
erative or postoperative factors with “strong evidence”
for a significant association with delirium.

Interpretation  Postoperative delirium is a serious
complication. The pathophysiology leading to delirium
after hip fracture surgery still remains to be clarified
and no single drug or surgical regimen has proven to be
preventive. This calls for more detailed investigations of
the differential role of different pathogenic mechanisms,
as well as an aggressive multimodal approach to enhance
recovery and reduce morbidity, as has proven to be suc-
cessful in a variety of elective surgical procedures. Such
multimodal interventional studies represent a major
task for orthopedic departments in collaboration with

anesthesiologists, geriatricians, physiotherapists and
nursing staff.

Postoperative delirium is a frequent complication
in elderly patients following operation for hip
fracture (O’Keeffe and Ni 1994, Dyer et al. 1995,
Holmes and House 2000b), the incidence varying
between 16% and 62%. Postoperative delirium is
associated with increased morbidity and mortality
(Mullen and Mullen 1992, Nightingale et al. 2001)
as well as increased length of hospitalization,
resulting in increased suffering and cost. The mul-
tifactorial pathophysiological mechanisms behind
postoperative delirium are unresolved. Several
theories have been put forward, including impair-
ment of cerebral metabolism (metabolic encepha-
lopathy), intoxication by drugs and polypharmacy
(especially drugs with anticholinergic effects),
hypoglycemia, surgical stress responses, periop-
erative hypoxemia, and hypotension. Moreover,
it has been suggested that the type of anesthesia,
administration of opioids, sleep deprivation, and
unrelieved pain may play a role in the development
of postoperative delirium (Flacker and Lipsitz
1999, Trzepacz 2000). Recent efforts to improve
postoperative recovery have therefore made use of
a multimodal approach to enhance rehabilitation
(Kehlet and Wilmore 2002), but these data come
from elective surgical procedures.

The purpose of this review is to describe current
knowledge about the pathogenesis of postoperative
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Table 1. Diagnostic criteria for delirium (adapted from
DSM-IV (American Psychiatric Association 1994)

Disturbance in consciousness (impaired ability to focus,
sustain, or shift attention).

Change in cognition (memory impairment, disorienta-
tion, or language disturbance) or perceptual distur-
bance (misinterpretations, illusions, or hallucinations).

The disturbance develops over a short period of time
and fluctuates during the course of the day.

There is laboratory or clinical evidence that the delirium
state is caused by the direct physiological conse-
quences of a general medical condition.

delirium after surgery for hip fracture, in order to
define future strategies for prevention and manage-
ment.

Clinical features and diagnosis

Over the past few years, several reviews have been
published on delirium in general (Meagher 2001),
postoperative delirium in the elderly (Parikh and
Chung 1995), and psychiatric illness in patients
treated for hip fracture (Holmes and House 2000b).
These reviews have described in detail the clini-
cal features which characterize the diagnosis of
delirium, and emphasize the fact that much of the
methodological confusion has been due to incon-
sequent nomenclature. At present there seems to
be consensus on the use of the classification of
delirium by the American Psychiatric Association,
which is described in the Diagnostic and Statisti-
cal Manual of Mental Disorders, fourth edition
(DSM-1V) (1994). DSM-IV diagnostic criteria for
delirium are given in Table 1.

Methods

We searched Medline (1966-March 2003) to
identify potential articles for this review. The key
words “delirium”, “confusion”, “postoperative
cognitive dysfunction”, “hip fracture”, and “femo-
ral neck fracture” were incorporated and used in
relevant combinations. This was supplemented
by a manual search from citations and reference
lists. We only included original papers in English-
language publications, and papers which specifi-
cally discussed pathogenic factors or interventions
against postoperative delirium following operation

Internet (Medline) search: 91
From literature citations: 2

93

— o]

—>| 3 clinical case reports |

7 papers referring to
previous published studies

\ 4

43 papers not specifically considering
delirium after hip fracture

\ 4

.| 4 papers from nursing journals
were not obtainable

Y

result of data
collections: 26

7 papers, which did not consider
% pathogenic factors nor
interventional measures

> 1 evaluation of a diagnostic tool

3 studies dealt with combined
elective and acute hip surgery

v

v

3 studies excluded because of
inconsistent methodology

A 4 A 4

4 interventional studies 8 studies with analysis of

pathogenic factors for delirium

Figure. Outcome of the literature search from the Internet
and citations.

for hip fracture. Papers not presenting data for hip
fracture separately were thus excluded.

Results

The Internet search provided us with 91 references
and the manual search from the bibliographies
gave 2 additional references (Figure). 10 of the
93 references were reviews (4 of which dealt
with medical care, 2 with anesthesia, 1 with psy-
chiatric illness, 2 with surgical management, and
1 of which was a review of previously published
studies with emphasis on nursing intervention
and organization). All of the reviews were on hip
fracture patients, but in general pathogenic factors
for delirium were rarely described. 3 studies were
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Table 2. Data from the 12 studies that were included: number of patients involved, incidence of delirium, exclusion
criteria, diagnostic instruments, diagnostic criteria, and study method

Source n Incidence of Exclusion Diagnostic Diagnostic Study
delirium, % criteria instruments 2 criteria method P
Morrison et al. 2003 541 16 Delirious at the CAM and review of Ns (presum- DPC
initial interview medical records ably DSM)
Zakriya et al. 2002 168 28 Dementia or CAM Ns (presum- DPC
delirium on admission ably DSM)
Marcantonio et al. 2001 126 50vs.32¢ < 65 yr, metastatic MMSE, DSI, Ns (presum- PRBS
cancer or life MDAS and CAM ably DSM)
expectancy < 6 mo
Edlund et al. 2001 101 484d <65yr MMSE, OBS-scale DSM-IV DPC
Milisen et al. 2001 120 23vs.20¢ Multiple trauma, CAM, MMSE Ns (presum- LPBAD
concussion of the ably DSM)
brain, pathological
fractures, surgery
< 72 h after admission,
aphasia, blindness,
deafness, < 9 yr of
education
Andersson et al. 2001 267 20 < 65 yr, diagnosis OBS scale DSM-IV DPC
of mental disease,
confusion at admission,
patients with difficulty
in communicating
Marcantonio et al. 2000 126 41 < 65 yr, life Daily interviews, Ns (presum-
expectancy < 6 mo MMSE, DSI, CAM  ably DSM) DPC
Edlund et al. 1999 54 28 None Daily observation, DSM-III-R DPC
OBS-scale
Lundstrom et al. 1999 49 3il Ns OBS-scale DSM-III-R IS/DPC
Gustafson et al. 1991a 103 48 <65 yr OBS-scale DSM-IlI IS
Gustafson et al. 1988 111 62 <65 yr OBS-scale DSM-1II DPC
Berggren et al. 1987 57 44 Not fully lucid , < 64 yr OBS-scale DSM-IlI PRBS

Ns Not stated.

2 Diagnostic instruments: CAM confusion assessment method, DSI delirium symptom interview, MDAS memorial
delirium assessment scale, MMSE mini-mental state examination, OBS-scale organic brain syndrome scale.
b Study methods: DPC descriptive prospective cohort, IS interventional study, LPBAD longitudinal prospective before/

after design, PRBS prospective randomized blinded study.

¢ A randomized trial; the incidence of delirium in the usual-care group and the intervention group was 50% and 32%

respectively.

d.30% were delirious on admission or developed delirium before surgery, 19% developed delirium postoperatively.
€ The incidence in the non-intervention cohort and in the intervention cohort was 23% and 20%, respectively (differ-

ence not significant).

clinical case reports, and 7 publications referred
to previously published studies. Of the remaining
studies, 43 did not specifically consider delirium in
hip fracture patients and 4 studies, all from nursing
journals, were not available. Thus, from the initial
data collection, we found 26 studies suitable for
more detailed analysis (Billig et al. 1986, Berg-
gren et al. 1987, Furstenberg and Mezey 1987,
Gustafson et al. 1991a, b, 1988, Krasheninnikoff
et al. 1993, Bowman 1997, Edlund et al. 1999,
Lundstrom et al. 1999, Brauer et al. 2000, Clayer
and Bruckner 2000, Duppils and Wikblad 2000,

Holmes and House 2000a, Marcantonio et al.
2000, 2001, 2002, Sato et al. 2000, Andersson et
al. 2001, Edlund et al. 2001, Galanakis et al. 2001,
Milisen et al. 1998, 2001, 2002, Zakriya et al.
2002, Morrison et al. 2003).

Of the 26 papers identified, 14 were excluded:
7 papers did not deal with any pathogenic factors;
nor was there any interventional aspect (Billig et al.
1986, Furstenberg and Mezey 1987, Milisen et al.
1998, Gustafson et al. 1991b, Holmes and House
2000a, Sato et al. 2000, Milisen et al. 2002), 1
study was an evaluation of a diagnostic instrument
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(Marcantonio et al. 2002), and 3 additional studies
dealt with elective and acute hip surgery, where the
hip fracture patients were not analyzed separately
(Clayer and Bruckner 2000, Duppils and Wikblad
2000, Galanakis et al. 2001). Finally, 3 studies
were excluded because of inconsistent methodol-
ogy (Krasheninnikoff et al. 1993, Bowman 1997,
Brauer et al. 2000). Thus, the final number of stud-
ies meeting our inclusion criteria was 12.

Descriptive parameters for the studies
and the patients involved

Exclusion and inclusion criteria for patients
(Table 2)

The criteria for exclusion of patients varied. 3 stud-
ies (Edlund et al. 1999, Zakriya et al. 2002, Mor-
rison et al. 2003) included patients regardless of
age. In the remaining studies, the general criterion
for inclusion was age above 65 years. In addition
to age, the most common exclusion criterion was
cognitive dysfunction at admission, presenting as
delirium and/or dementia. Furthermore, 4 stud-
ies (Marcantonio et al. 2000, 2001, Andersson et
al. 2001, Milisen et al. 2001) excluded patients
with severe co-morbidities other than delirium or
dementia, including metastatic cancer, pathologi-
cal fractures, and a life expectancy of less than 6
months.

Diagnostic criteria (Table 2)

Where mentioned, the diagnostic criterion for
delirium was the one compiled by the American
Psychiatric Association, the DSM (1994). In 5
of the reviewed studies (Marcantonio et al. 2000,
2001, Milisen et al. 2001, Zakriya et al. 2002, Mor-
rison et al. 2003) the criteria for the diagnosis were
not explicitly stated, but the diagnostic instrument
was based on the DSM criteria.

Diagnostic instruments (Table 2)

All of the studies under review used standardized
mental tests as their case-finding instrument. In
general, the case-finding instruments are designed
to recognize the crucial features of delirium as
outlined in Table 1. The most widely used diagnos-
tic tests were the Confusion Assessment Method
(CAM) (Inouye 2002), the Mini-Mental State

Examination (MMSE) (Folstein et al. 1975), and
the Organic Brain Syndrome scale (OBS scale)
(Berggren et al. 1987).

Confusion assessment method (CAM)

The CAM is a structured interview with the
patient. It is derived from the DSM-III-R (Diag-
nostic and Statistical Manual of Mental Disorders,
third edition revised) and designed to focus on the
most prominent clinical features of delirium: acute
change in mental status with a fluctuating course,
inattention, disorganized thinking, and altered
level of consciousness. Of these, the first and
second features must be present, and the patient
must be showing symptoms of either the third or
the fourth clinical feature in order to make the
diagnosis of delirium.

Mini-mental state examination (MMSE)

The MMSE was originally conceived as short
(5-10 min) clinical instrument for detecting cogni-
tive impairment. It is designed to test abilities in
orientation, memory, attention, naming objects,
following verbal and written commands, writing
a sentence spontaneously, and in copying a com-
plex polygon (Folstein et al. 1975, Tombaugh and
Mclntyre 1992, Smith et al. 1995). When using the
test to screen for delirium as opposed to dementia,
it only has relevance if the clinician has as baseline
value, or knows by some other means, that the
patient was cognitively intact prior to the current
testing.

Organic brain syndrome scale (OBS scale)

The OBS scale is composed of two parts, a dis-
orientation subscale based on an interview with
the patient, and a confusion subscale based on
observations of the investigator or nursing staff.
The former describes orientation ability regarding
time, place and own identity, whereas the latter
subscales test different cognitive, perceptual, emo-
tional, and personality changes, physical and prac-
tical disabilities, and fluctuations in the clinical
state. Each of the questions in both parts are rated
on a 4-point scale, with an accurate description of
each scoring level (Berggren et al. 1987, Jensen et
al. 1993). Other tests have been designed to dif-
ferentiate between different types of delirium or to
measure the severity of the delirium state (Marcan-
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Table 3. Preoperative risk factors for postoperative delirium

Studies which showed an
association between a
given factor and delirium

Preoperative factors

Evidence for
association
with delirium 2

Studies which showed no
association betwen a
given factor and delirium

Advanced age Marcantonio 2000, Edlund 1999, Berggren 1987, Edlund ++
Andersson 2001, Gustafson 1988, 2001, Zakriya 2002
Gustafson 1991a, Morrison 2003
Male sex Morrison 2003 P, Edlund 2001, Edlund 1999,
Gustafson 1991a Marcantonio 2000, Gustafson 1988, +
Zakriya 2002
Impaired sight Andersson 2001 None =
Impaired hearing None None -
History of cerebrovascular
disease Gustafson 1988 None -
History of cardiovascular
disease Gustafson 1988, Morrison 2003 Zakriya 2002 +
History of stroke None Zakriya 2002 =
History of congestive
heart failure Zakriya 2002, Morrison 2003 None +
Abnormal fluid and
electrolyte parameters Zakriya 2002 Morrison 2003, Gustafson 1988 =
Endocrine diseases None Zakriya 2002 -
Dementia Morrison 2003, Edlund 2001 None ++
Gustafson 1988, Marcantonio 2000,
Edlund 1999, Andersson 2001
Depression Edlund 1999, Gustafson 1988, Edlund 2001 +
Berggren 1987
Reduced ADL ¢ Morrison 2003 9, None +
Marcantonio 2000
Alcohol abuse None Zakriya 2002 -
Medicine abuse None None -
Prolonged waiting time
for operation Edlund 1999 Morrison 2003, Gustafson 1988, -
Gustafson 1991a
Anticholinergic drugs Gustafson 1988, Edlund 1999, None +
Berggren 1987
Neuroleptic drugs Berggren 1987, Gustafson 1988 None +
Benzodiazepines Gustafson 1988 None -
Antidepressants Gustafson 1988, Berggren 1987 None +

Type of fracture None

Morrison 2003, Marcantonio 2000

2 High evidence (positive evidence in > 3 studies): ++, some evidence (positive evidence in 2—3 studies): +, no convinc-

ing evidence (positive evidence in 0—1 study): —.

b Only for patients who were cognitively impaired on admission.

¢ Activities of Daily Living.
d Independent predictor for cognitively intact subjects only.

tonio et al. 2002), but the clinical implications of
these tests are still somewhat unclear and beyond
the scope of this paper.

Study method and general results (Table 2)

Most of the 12 studies were prospective, descriptive
studies. 2 studies were prospective, randomized and
performed blind (Berggren et al. 1987, Marcanto-
nio et al. 2001) and 4 studies had interventional
measures (Gustafson et al. 1991a, Lundstrom et al.
1999, Marcantonio et al. 2001, Milisen et al. 2001).

1 823 patients were included in the 12 studies,
with an average of 152 patients in each cohort
(range 49-541 patients). On average, delirium
occurred in 35 (16-62)% of the patients included.

Pre-, intra-, and postoperative risk factors for
delirium

A general overview of risk factors involved in post-
operative delirium requires a consideration of these
risk factors in 3 categories: preoperative, intraop-
erative, and postoperative (Tables 3, 4, and 5).
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Table 4.

Intraoperative risk factors for postoperative delirium

Intraoperative factors

Studies which showed an
association between a
given factor and delirium

Evidence for
assocation
with delirium @

Studies which showed no
association between a
given factor and delirium

Morphine as premedication None
Benzodiazepine as

premedication None
General anesthesia None

Spinal and epidural

anesthesia Gustafson 1988
Anticholinergic drugs None
Hypoxia Gustafson 1991a

Hypotension

None -

None -
Berggren 1987 -

Berggren 1987 -
None -
None -

Gustafson 1991a, Edlund
2001, Gustafson 1988

Berggren 1987 +

2 High evidence (positive evidence in > 3 studies): ++, some evidence (positive evidence in 2—3
studies): +, no convincing evidence (positive evidence in 0—1 study): —.

Table 5. Postoperative risk factors for postoperative delirium

Intraoperative factors

Studies which showed an
association between a
given factorand delirium

Evidence for
assocation
with delirium 2

Studies which showed no
association between a
given factorand delirium

Edlund 2001

Gustafson 1988
Gustafson 1988
Berggren 1987 P

Pneumonia

Urinary infection

Elevated temperature

Hypoxia

Treatment with large
doses of opioids

Inadequate analgesia

Inadequate nourishment

Postoperative fluid therapy

None
Morrison 2003 ©
Gustafson 1988
None

None -
Edlund 2001 =
None -
None -

None -
None -
None -
None -

2 High evidence (positive evidence in > 3 studies): ++, some evidence (positive evidence in 2—3
studies): +, no convincing evidence (positive evidence in 0-1 study): —.

b |n patients treated with halothane, there was a significant association between postoperative
delirium and a decrease in arterial oxygen tension after anesthesia,

¢ Less than 10 mg parenteral morphine sulphate equivalents/day.

Preoperative factors (Table 3)
Acetylcholinergic functions are involved in
consciousness and attentiveness (Blass and
Gibson 1999, Flacker and Lipsitz 1999) and a
loss of nicotine binding in the brain is seen in
the normal aging process (Picciotto and Zoli
2002). Accordingly, when looking at the preop-
erative factors, advanced age and dementia were
consistent predictors of postoperative delirium.
In addition, there was some evidence that preop-
erative treatment with anticholinergic drugs and
depression may be positively associated with
delirium.

A history of cerebrovascular disease (Gustafson
etal. 1988), cardiovascular disease (Gustafson et al.
1988), stroke, and congestive heart failure (Zakriya
et al. 2002) showed no convincing association with
postoperative delirium. One study described an
association between abnormal serum sodium and
development of postoperative delirium (Zakriya et
al. 2002). In another study, delayed operation was
associated with postoperative delirium (Edlund et
al. 1999).

Administration of long-acting benzodiazepines
may be a pathogenic factor (Marcantonio et al.
1994), but only 1 study supported this in hip frac-



384

Acta Orthop Scand 2004; 75 (4): 378-389

ture (Gustafson et al. 1988). Treatment with neu-
roleptic drugs was found to be linked to delirium
in 2 studies (Berggren et al. 1987, Gustafson et al.
1988). Surprisingly, none of the studies indicated
an association between postoperative delirium
and abuse of alcohol and/or drugs. This contrasts
with the non-surgical literature (Blass and Gibson
1999), where alcohol withdrawal and intoxica-
tion with sedatives are predisposing factors for
delirium.

Intraoperative factors (Table 4)
Hypotension, defined as a drop in perioperative
systolic blood pressure to < 80 mmHg (Gustafson
et al. 1991a), or severe drop in peroperative blood
pressure (Gustafson et al. 1988), was associ-
ated with postoperative delirium. In the study by
Edlund and Lundstsrom (2001), it was found that
patients with postoperative delirium had a fall in
mean peroperative blood pressure of around 31%,
in contrast to the lucid patients who experienced a
fall of around 23%.

No significant difference between epidural/
spinal and general anesthesia has been found
(Berggren et al. 1987).

Postoperative factors (Table 5)

Postoperative hypoxia was found to be associ-
ated with delirium in 2 studies (Gustafson et al.
1991a, Berggren et al. 1987). Other trials have
also shown an association (Krasheninnikoff et
al. 1993, Clayer and Bruckner 2000), but none
of them applied known standardized mental
tests. One study showed an association between
delirium and inadequate postoperative analgesia
(Morrison et al. 2003). Postoperative delirium has
often been associated with postoperative compli-
cations such as pneumonia, urinary infections or
sepsis, but this does not appear to be a general risk
factor, even though Gustafson et al. (1988) found
an association in their study. Surprisingly, none of
the articles dealt with the cerebral side effects of
opioids, nor was there any information in the lit-
erature examined describing whether fluid therapy,
malnutrition, and immobilization may play a role
in postoperative delirium.

Interventional studies
4 studies were interventional: 2 were nurse-led

studies (Lundstrom et al. 1999, Milisen et al. 2001)
and 2 were geriatric and geriatric-anesthesiologi-
cal studies (Gustafson et al. 1991a, Marcantonio
et al. 2001) (Table 6). A common theme in the 2
nurse-led intervention programs was staff educa-
tion. In addition, Milisen et al. (2001) focused on
postoperative pain management, screening of cog-
nitive status, and providing expertise by specially
trained nurses. The result showed a non-significant
reduction in the incidence of delirium. Lundstrom
et al. (1999) focused their intervention on geriatric
and orthopedic cooperation as soon as possible
after operation, regional anesthesia, prevention of
hypoxemia, and early rehabilitation. It showed a
significant reduction in the incidence of delirium
from 61% and 48% in controls, to 31% in the inter-
ventional cohort.

The geriatric intervention study by Marcantonio
et al. (2001) randomized the patients to proactive
geriatric consultation and “usual care”. Patients
receiving proactive care were visited daily by a
geriatrician who made recommendations based on
a structured protocol. The recommendations most
frequently given were: transfusion to keep hemato-
crit > 30%, discontinuation of urinary catheter, and
conservative use of benzodiazepines. The overall
adherence rate by the orthopedic team was 77%.
The authors documented a non-significant reduc-
tion in delirium. The geriatric-anesthesiologic
interventional study by Gustafson et al. (1991a)
demonstrated a significant reduction in delirium
from 61% to 48%, when patients were operated as
soon as possible, when patients were treated with
O, 1 L/min, from admission until at least the first
postoperative day, and received spinal anesthesia.
For a more thorough description of the interven-
tional measures and outcome (Table 6).

Discussion

Delirium in the postoperative period after surgery
for hip fracture is a common complication among
the elderly. No single drug or surgical regime has
proven to be preventive, and the exact pathophysi-
ology remains to be clarified. From the studies
available, it is evident that there is no common
pathway leading to postoperative delirium. More
likely, postoperative delirium is a product of cere-



Acta Orthop Scand 2004; 75 (4): 378-389

385

Table 6. Interventional measures and their outcome

Study 2

Intervention

Results of intervention

Milisen et al. 2001

Design: LPBAD
n=120

Incidence of delirium:
20% (intervention cohort)
vs. 23% (control study)

Lundstrom et al. 1999

Design: DPC
Intervention cohort
compared with historical
cohorts from the same
and different hospitals
n=49

(intervention cohort only)

Incidence of delirium:
31% (intervention cohort)
significantly lower than
historical cohorts

Marcantonio et al. 2001

Design: PRBS
n=126

Incidence of delirium:
32% (intervention cohort)
vs. 50% (usual-care cohort)

Gustafson et al. 1991a

Design: DPC

intervention cohort, n=103,
compared with historical
cohorts from the same
orthopedic department,
n=214

Incidensce of delirium:
48% (intervention cohort)
vs. 61% (control study)

Education of nurses in delirium,

depression, and dementia

Systematic screening of cognitive status.
Consultative services by specially trained nurses.
Effective postoperative pain control (loading dose
of iv tramadol 6 mg/kg, maintenance infusion of
tramadol 6 mg/kg/24 h and iv propacetamol

120 mg/kg/24 h during the first 48 postoperative h).

Tramadol and acetaminophen were given orally
after the first 48 postoperative h until 5. post-
operative day.

Education of staff.

Orthopedic surgeons and geriatricians cooperate
48 of 49 patients were operated under spinal
anesthesia.

Operation as soon as possible.

Prevention of hypoxemia with O,,.

Treatment with PEEP bottle.

Rehabilitation starts as soon as possible.
Assessment and treatment of complication in
delirious patients.

Administration of pain-reducing pills to ensure
training.

Physiotherapists and occupational therapists
participate in rehabilitation.

Focus on nutrition.

Patient evaluation: pre-fracture self-care
function, post-fracture cognitive function,

and symptoms of delirium.

Daily proactive geriatrics consultation with
targeted recommendations.

The 5 most frequently given recommendations
were: Transfusion to keep hematocrite > 30%,
discontinuation of urinary catheter,

minimizeing of benzodiazepines, anticholinergic
medicines, and antihistamines, bowel movement,
and out of bed on postoperative day 1 and
several h daily.

Operation as soon as possible.

Preoperative examination by a physician.
Thrombosis prophylaxis.

Treatment with O, (1 L/hr) from admission until
first postoperative day.

Morphine s.c. for pre-medication (200—100 pg/kg
body weight, depending on age).

Spinal anesthesia (15—20 mg isobaric
bupivacaine hydrochloride).

Hypotension was treated with crystalloids and
and phenylephrine.

Postoperative assessment and

treatment by specialist in geriatrics.

Non-significant reduction in
the incidence of delirium (from
23% in the non-intervention
group to 20% in the interven-
tion group (p=0.8).

Shorter duration of delirium.
Fewer severely delirious
patients.

Lower incidence of delirium.
Shorter duration of delirium.
Better outcome of rehabilitation.
Fewer complications.

Lower incidence of delirium
(although non-significant after
adjustment for imbalance
between the consultation and
usual-care group).

Shorter time between
admission and operation.
Fewer patients experienced
hypotension.

Lower incidence of delirium.
Fewer with severe delirium.
Duration of delirium shorter.
Incidences of postop. urinary
retention, decubital ulcers,
and severe falls were lower.
More patients were given blood
transfusions.

Mean stay in orthopedic ward
was significantly shorter.

a Study methods: DPC descriptive prospective cohort, LPBAD longitudinal prospective before/after design,
PRBS prospective randomized blinded study.
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bral abnormalities, the surgical and environmental
stress applied in the perioperative period, and
adverse effects of drug therapy.

Descriptive parameters for the studies and for
the patients included

A significant dilemma when reviewing the litera-
ture has been the varied exclusion criteria applied
in the different studies. Many studies excluded
patients with cognitive dysfunction on admis-
sion (Berggren et al. 1987, Andersson et al. 2001,
Zakriya et al. 2002, Morrison et al. 2003) and
serious co-morbidities other than delirium and
dementia (Marcantonio et al. 2000, 2001, Anders-
son et al. 2001, Milisen et al. 2001), whereas other
studies included patients regardless of cognitive
function and co-morbidities (Gustafson et al.
1988, 1991a, Edlund et al. 1999, 2001). The delir-
ium state is difficult to diagnose among patients
with cognitive dysfunction on admission, but
when excluding the most vulnerable patients, the
incidences of delirium reported may only repre-
sent a minimum risk given that high-risk patients
have been excluded. Consequently, a study that
includes all patients regardless of age, cognitive
and physical state must give the most accurate
description of perioperative risk factors for post-
operative delirium and also demonstrate that one
of the risks of the operation is to aggravate a pre-
existing delirium state.

The variable inclusion criteria also reflect the
large differences in the incidences of delirium, but
one could also suspect that the different diagnostic
instruments were responsible. However, all studies
implicitly applied the DSM criteria for delirium.
This is a methodological strength when comparing
the studies, but it also demands that the patients be
interviewed daily and in many cases that medical
charts have to be reviewed retrospectively in order
to identify important aspects of the diagnosis, such
as its fluctuating course. Hence, unless the staff
is specially trained in making the diagnosis of
delirium, this could be a methodological weakness
since it is often overlooked or misinterpreted (Gus-
tafson et al. 1991b, Milisen et al. 2002).

The 3 clinical instruments, MMSE, CAM, and
OBS scale all have their advantages and disad-
vantages. Essentially, they all screen for clinical
features of delirium, both the CAM and the OBS

scale including an evaluation of whether or not the
state has evolved acutely, and whether there are
signs of perceptual disturbances, psychomotor agi-
tation, and an altered sleep-wake cycle. Still, these
two instruments require a certain amount of clinical
experience and cannot be completed just from a
bedside interview. In contrast, the MMSE requires
little instruction, and can be completed without the
aid of medical charts, but it lacks descriptions of
key clinical features of delirium. However, we are
of the opinion that this can be compensated for in
most cases by a thorough preoperative examina-
tion to obtain preoperative cognitive status, which
should be followed by regular postoperative testing.
It should be emphasized that preoperative testing
is essential, regardless of which test the clinician
chooses, in order to obtain a baseline value and a
postoperative standard of reference (Rasmussen et
al. 2002).

Most of the studies reviewed here were prospec-
tive, descriptive studies. A common denominator
in these studies was the lack of comprehensive
description of perioperative care principles such as
pain management, fluid therapy, anesthesia, gen-
eral pharmacological treatment, nutrition, physio-
therapy etc., thereby limiting interpretation of the
relative importance of the pathogenic mechanisms
involved.

Pre-, intra-, and postoperative risk factors for
delirium

This review has primarily focused on the pre-,
intra-, and postoperative factors for postoperative
delirium after hip fracture. A substantial number of
the preoperative risk factors, which had a positive
association with postoperative delirium, were fac-
tors that were essentially unadjustable, i.e. causes
such as age, gender, dementia, depression, and
concomitant diseases.

Intraoperative and postoperative risk factors
for delirium were sparsely documented, and only
hypotension in the intraoperative period (Gustafson
et al. 1988, 1991a, Edlund et al. 2001) showed an
association with postoperative delirium. Since neu-
roaxial anesthesia reduces postoperative morbidity
(Rodgers et al. 2000) it may also be expected to
reduce delirium, although there is limited data to
support this (Urwin et al. 2000).
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Interventional studies

In the nurse-led interdisciplinary intervention
program by Milisen et al. (2001), there was no
preoperative evaluation of the mental status of the
patients. Furthermore, possible risk factors such as
prolonged waiting time and also medication, type
of anesthesia, treatment or prevention of hypoxia
and hypotension, nutritional considerations, and
fluid therapy were not mentioned, thereby limiting
interpretation.

The nursing and medical intervention study by
Lundstrom et al. (1999) intervened broadly, which
may account for the substantial reduction in the
incidence of delirium in comparison to the control
studies, but again the lack of information on peri-
operative care regimens would make reproduction
of the study impossible.

In the study by Marcantonio et al. (2001),
accurate documentation of pre- and postoperative
cognitive and self-care functions are provided,
but not treatments provided by the orthopedic
team independently of geriatric recommendations.
Thus, although proactive geriatric consultation
may decrease the incidence of delirium, the exact
mechanisms remain unresolved.

The geriatric-anesthesiologic intervention study
by Gustafson et al. (1991a) has great strength in
the fact that the interventional measures (surgical
policy, preoperative assessment and thrombosis
prophylaxis, oxygen therapy, anesthetic technique,
and postoperative assessment and treatments) and
cognitive function pre- and postoperatively were
well documented. On the other hand, the study
lacked information on pre- and postoperative pain
management, nutrition, fluid therapy, and mobili-
zation.

In conclusion, all 4 interventional studies dealt
with relevant measures to avoid postoperative
delirium, but in general the studies approached the
problem either with intervention regarding a lim-
ited number of possible risk factors or, in the case
of broader intervention, the reproducibility of the
study was low because of lack of description of the
many factors involved in the perioperative care.

Management strategies

As mentioned in the introduction to this review,
recent progress in surgical management has been
focused mainly on elective surgical patients, where

a multimodal approach to enhancing recovery and
reducing morbidity has been very successful in a
variety of surgical procedures (Kehlet and Wilm-
ore 2002).

Although it is debatable whether regional anes-
thesia per se will reduce the incidence of delirium
in hip fracture patients (Urwin et al. 2000), it
reduces surgical stress and thus morbidity and
mortality in major orthopedic surgical patients
(Rodgers et al. 2000). Thus, the anesthetic tech-
nique of choice should be spinal or epidural, unless
there are significant contraindications.

To date, there has been no randomized trial on
whether early vs. late operation has any association
with morbidity, but the consequences of prolonged
waiting time for surgery may be inadequate nutri-
tion and fluid intake, immobilization, and pain, all
of which may contribute to delirium in an elderly
patient.

In general, patients admitted to hospital for hip
fracture have many co-morbidities and therefore
receive a wide variety of drugs. This issue is two-
sided. There is a chance that these drugs may be
discontinued unintentionally, resulting in increased
morbidity (Noble and Kehlet 2000), but also that
the drugs or their metabolites may produce side
effects such as delirium due to acetylcholinergic
antagonism (Tune and Egeli 1999). Every effort
should therefore be made to adjust concurrent
medications to avoid side effects and abstinence
syndromes.

Rational fluid therapy for this category of patient
is often complicated by the fact that on admission
patients are often dehydrated. On the other hand,
intra- and postoperative fluid therapy frequently
causes fluid excess, which may contribute to heart
and lung complications (Holte et al. 2002). It is
therefore essential to avoid both dehydration and
fluid excess in the perioperative period.

Although inconclusive, a recent Cochrane review
on nutritional supplementation for hip fracture
patients (Avenell and Handoll 2003) has provided
some evidence for reduced postoperative compli-
cations and mortality, when oral multi-nutrient
feeding was instituted. Opioid-reduced analgesia
and prophylaxis for postoperative nausea and vom-
iting should increase the likelihood of early institu-
tion of oral nutrition, as has been demonstrated in
abdominal surgery (Kehlet et al. 1999). Hence, a
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multimodal analgesia represents a prerequisite for
postoperative mobilization and physiotherapy, and
therefore a potential reduction of morbidity.

We hypothesize that the principles applied in this
multimodal approach to enhance recovery (Kehlet
and Wilmore 2002) will prove to be valuable when
dealing with hip fracture patients. The main goal is
fast recovery, in order to minimize expenditure of
human and economic resources. Accordingly, such
a multimodal approach to this vulnerable category
of patients may decrease morbidity, including
delirium, and increase patient satisfaction as sup-
ported in preliminary studies (Rasmussen and
Kristensen 2002).

Future studies should aim to clarify whether
or not an aggressive and multimodal approach to
hip fracture patients can reduce the incidence of
delirium and overall morbidity and mortality.
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