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ABSTRACT

Objectives
To comparc the incidence, and severity of postoperative delirium (POD) in clderly patients

undergoing clective or non-clective (fracturc repair) orthopedic procedurcs, and to identify potential
preopcrative risk factors for POD.

Design

Prospectively studiod cohort of clective orthopedic procedurc patients compared with
retrospectively studiod (chart review) cohort of non-clective fracture repair patients, in the setting
of a university teaching hospital. All enrolled patients were aged 60 vears or older and English
speaking. The clective cohort included 80 paticnts who attendod a prcadmiss:ons clinic prior to
orthopedic surgery. The non-clective cobort included 66 paticnts undergoing fracture repair.

Measurements
Paticnts consocutively enrolied in the cicctive study underwent same-day screening which included

modical asscssment, cognitive and activity of daily living asscssment with standardized
instruments, and HMPAO SPECT brain scanning. Paticnts were followed post-operatively by
mcans of daily visits and twice daily telephone interviews with attending nurses, using a modified
confusion asscssment model (CAM) questionnaire, and repeated cognitive testing and SPECT
scanning. Suspected delinum was verified by direct physician asscssment. .

Charts of all paticnts > 60 ycars of age and admitted to the same hospital during this period for
non-cloctive fracture repair were revicwed for evidence of delirium, based on physician or nurses’
diagnoscs, or chart documentation of behavior sufficient to satisfy the DSM-III-R critenia.

Results
The clective group had significantly fewer total (17.5% versus 50%. p< 0.000]) and severe (7.5%

versus 34.3%, p<0.0001) cases of POD. All paticnts recovered prior to discharge and causes were
determined in 36% of cascs. In the clective group male gender (p= 0.0095), and preoperative
clock drawing test results of < 6 (p= 0.0096) werce significantly associated with the development of
POD.

In the non-clective group greater age (p= 0.0034), greater number of significant pre-existing
modical probloms (p= 0.0013), prooperative delirium ( p= 0.0027) or dementia (p= 0.0024) and
pre-admission residonce in a chronic care facility (p= 0.0004) were all significantly associated with
the development of POD, and were significantly more common than in the cloctive group.

Prcliminary analysis showed no significant differences between SPECT scan results of delinious
or non-delirions pationts.

Ceonciusion

The significantly lower incidence of POD in the clective group paralicls findings in other
imorvontion studiss, and may represcnt modification or reduction of risk factors o a "basoline
value” through seloction of medically, functionally, and cognitively well paticnts and by
fclective sctting] or five [non-cloctive sotting] risk factors may be used %0 preoperatively ideatify
those clderly porsons at groatest risk for POD. Validation and refincmont of these risk asscssmont
models should be done in a prospective trial,
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Chapter One

1.1 Introduction

Although Celsus coined the term “delirium® and Hippocrates reported disturbances in
the sleep-wake cycle as a feature of the condition, the first systematic description of
postoperative delirium was offered by Baron Dupuytren in 1834:

"An operation, gentlemen, may have been performed in the most dexterous manner,
yet not withstanding the life of the patient may be threatened by the supervention of
very severe accidents. ... the brain itself may be overcome by pain, terror or even joy,
and reason leaves the patient at the instant when it is most necessary to his welfare that
he should remein calm and undisturbed. ... Nervous delirium although its causes are
obscure, its progress uncertain, and the symptoms through which it declares itself most
alarming, is still rarely fatal when early and properly treated...” (1).
Since that time a sizable literature pertaining to delirium has accu

unfortunately been confounded by the use of multiple synonyms for delirium, non-
uniformity in diagnostic criteria and cognitive testing instruments, patient selection bias,
and retrospective analyses, which make the interpretation of many studies and
observations difficult (2,3). Some of these deficiencies have been rectified in more recent
studies by the widespread adoption of standardized criteria for delirium and improved
study design.

It is now known that postoperative delirium [POD)] is a common complication,

associated with significant negative outcomes and that expeditious intervention may

sated. It has

desirable goals, preoperative prediction of those patients at highest risk for POD would
allow for the greatest efficacy and direction of nursing and physician resources to those




studied and the inconsistency of risk factors identified suggest that rish assessment models
may require customization dependent on the varying charactenistics of ditferent groups of
patients. In the surgical context one imponant ditference would be between elective and
non-electiVQ patients. To date there have been no studies specifically addressing this issue,
and towards that objective this study was performed. In order to clarify and elaborate on
this issue, what follows is a discussion of the definition, nature, importance, detection,

management, and prediction of POD.

1.2 Diagnostic criteria for Delirium

The DSM-III-R criteria of the American Psychiatric Association [Table 1) are the
most widely accepted. Delirium is defined as a transient organic mental syndrome
characterized by a global disorder of attention and cognition, a reduced level of
consciousness, sbnormally increased or decreased psychomotor activity, and a disturbed
sleep-wake cycle. Lipowski (4) has criticized the inclusion of "organic” as it implics a
resmctm and consistent association of delirium with organic factors for diagnosis, despite
the common clinical occurrence of suspected delirium when evidence of specific organic

the term “reduced level of consciousness” is somewhat vague. The main aspects of
cognition-thinking, perception, and memory are all disordered to some degree; hence the
term “global disorder”. The sudden appearance of disturbances of cognition and attention
thet tend to fluctuate in severity and worsen at night is virtually diagnostic. Although there
is no consensus, a reasonable limit to the duration of delirium should be less than one
month, after which the presence of dementia can be considered.(S).

1.3 Natural history of Postoperative Delirium [POD)
Although POD may occur at any time in the postoperative period, it most commonly
manifests by dey 3 to 4, and hes usually resolved by day 7(6). The onsst may be abrupt or



TABLE ]

DSM-III-R Criteria for Delirium

Reduced ability to maintain attention to external stimuli and to appropriately shift attention to
new external stimuli

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

At least two of the i‘ollom
Reduced level of consciousness
Pereapmgl dmm mnmaprem:om. lllum or hillucmnm

lnﬁmdmmmmwmlmy
,,'Tp;mmng.phee.nrparm
.! 7,,,, ¥ ___

Clinical features develop over a short period of time and tend to fluctuate over the course of
a day

Either one of the following:
Evidence from the history, physical examination, or laboratory tests of specific organic
ﬁnar(nrﬁnm)judﬁdmbemobmlyrﬂmdwmm
In the absence of such evidence, an etiologic organic factor can be presumed if the
disturbance cannot be accounted for by any non organic mental disorder

Fm'




gradual, and the patient may appear awake and even hypervigilent or drowsy and
obtunded, and both states can appear at different times in the sanmw individual Lipowski
(2) has described three clinical variants.

(1] Hypoalert-Hypoactive where the patient is lethargic and drowsy, answers questions
slowly, initiates few actions and is often mistaken for withdrawal or depression.

(2] Hyperalert-Hyperactive where the patient is restless, agitated and speaks loudly as if
under pressure of speech, and moves frequently. There may be accompanying autonomic
nervous system hyperactivity. This is classically associated with benzodiazepine and
ethanol withdrawal.

[3] Mixed type characterized by unpredictable oscillations between hypoactive and

With all types, sensory illusions may appear but delusions are less common.
Hallucinations [with incidence of approximately 40% in delirious elders (2)] are most

The incidence in postoperative elderly patients varies widely [Table 2), reflecting the
nature of the patient’s iliness, differences in mean age, and different methods used in
detection and diagnosis of POD. Generally higher rates are soen for orthopedic [44-55%)]
rather than for general [10-14%) or cardiovascular surgery. The rates are comparabie to
the reported incidences on medical wards which range from 0.74 10 56% [average of 20-
30% at some point during stay in hospital), and critical care units [2-30%), likely
reflecting demographic changes that result in older and sicker populations inhebiti
madical and surgical wards, and the increased willingness of surgeons to operate on older




TABLE 2

— 7’7%1111.31:1136 METHOD OF mcmm?s IDENTIFIED RISK

Miller HR, 1981
Br J Poychist 138:
17-20

Seymowr DG &
Pringle R, 198}
Geromtology 19:
lﬂ!‘m _
1985 Rescarch in Ape >60 unit nurses
Nursing and Health | (N=170)
§329-337

slobrese JR, gi o] | Coromary artery | DSM-ID — | 6%
1987 Clevel Clin ) | bypass grafting
Med 34:29-32 Ages 40 . 78

Borggren D, gl 8l Hip racture | DSM-I “%
1987 Ancsth Anslg | surgery
66 497-504 (N=57)

Gustsfoon Y, gt gl | Hip fractwe | DSM-T — | 6%
1988 JAOS 36:525 | surgery (N=i11)

Seymow DO, & | Genersl sarpery | Decresse im 10 poimt ™
Vaz FG 1909, Age | patients > 66 y/o | mental status
and Aging 18:316- uesti i
126

Redgers, MP 1909
Init } Poychisiry in
Madicing 19:10%-

L]
Ihﬁull.lm

Wﬂfll-‘lﬂ

1991, m of Hip Fracee

g'm:nﬁ (N=60)




1.4 Etiology

A cardinal feature of delirium is the loss of attention intensity and/or sclectivity. These

neocortex respectively. A long and complex system of cholinergic and menaminergic
pathways conr.ect these areas. The monaminergic pathways appear to enhance
attentiveness and increase signal-to-noise ratios. Acetylcholine is a neuromodulator that
increases neuronal sensitivity to other inputs. The cholinergic nuclei and projections are
known to be extremely sensitive to any process impairing cerebral oxidative metabolism
(7), and in addition, their function is known to be reduced with increasing age and in
primary degenerative dementias such as SDAT [senile dementia Alzheimer type]. To date,
cholinergic deficit is the best supported pathological mechanism for delirium This
important role may also uphm the commonly [but not universally] reported association
between use of anticholinergic medication and the development of POD |as well as

hanisms may be, delirum may be seen in as a response to
ahammllactmofmﬁlbolx.mm envi

ntal, or infectious insults with a

umlly outside of the central nervous system (3). Delirium may therefore more commonly
herald the onset of physical illness in the elderly than do fever, tachycardia, or pain (2).

[l]Mmm-dmmammuofPﬁDmm
nm“mhaﬂcﬂﬁﬁdm::mm a prudent
cavent is * any drug, at any doee, at any time". In addition, withdrawal from medications is




TABLE 3
Potentially Treatable Causes of Postoperative Delirium

MEDICATION RELATED
Drug Side Effects
Drug Interactions
Drug Toxicities
Drug or Alcoho! Withdrawal states

INFECTIONS
Pneumonia
Urinary Tract
Central Nervous System

CARDIOVASCULAR
Pulmonary
Dysrhythmias
Congestive Heart Failure
Myocardial Infarction
Anemia/Hypotension
Pulmonary Embolism
Hypercapnia
CEREBROVASCULAR
Stroke
Trauma (concussion, contusions, subdural, hematomas)
Cercbral Anoxia
Hypertensive Encephalopathy
FLUID AND ELECTROLYTE DISTURBANCES

METABOLIC DISTURBANCES
Wbyiﬁnaion
Aan‘l‘hmbdaucy
mm

FUNCTIONAL FACTORS
Ulhylm
Fecal Impaction
MMMJM«MM

Wulo-m.dm
UNIDENTIFIABLE CAUSES (50% of cases)



an important cause of POD, especially in alcohol, benzodiazepine, and barbiturate users

Delirium tremens, the most extreme example, develops 24 to 48 hours after alcohol or

note that alcohol withdrawal may occasio iily manifest as apathetic behavior.

[2] Infection [and fever], most commonly including systemic, urinary tract or intracranial
infections may cause delirium. Pneumonia is the principal systemic cause In a mixed
medical-surgical group of patients, Schor ¢t gl. found the presence of symptomatic
infection to be predictive of developing delirium. This appeared independent of the degree
of fever encountered and roles of cytokines or other bacterial products have been
considered (8). Manepalli (9), when studying patients on a psychogeriatric ward, found
that 26% of those with delirium had otherwise asymptomatic urinary tract infections and
that the delirium cleared with the infections’ treatment in 64% of cases. Although the
majority of infections causing POD are extracranial in origin, signs of meningismus are less
reliably found in elders with meningitis, and a lumbar puncture may be indicated in the
possibility of HIV infection with encephalopathy should also be considered.

[3] Cerebrovascular accidents that may most commonly present as focal deficits may also
manifest as global and diffuse cerebral dysiunction. Uncommonly, unilateral infarction of
amnesia (10,11). Bilateral infarction of the calcarine gyri may lead to cortical blindness
mmmuwwm This is much less commonly
hemispheric dominance in attentional procesees, but it is unciear why some patients with




such infarction develop delirium while others develop only focal deficits (3). Prior
cerebrovascular events may be a contributing factor, as may be ongoing seizure activity
from a cortical focus. Subarachnoid hemorrhage may result in defects of attention and
concentration and ultimately stupor and coma. Direct cerebrovascular insults such as
subdural hematomas, concussions, contusions, fat embolism, hypertensive encephalopathy,
interoperative cerebral anoxia, and toxic-metabolic insults may also produce delirium.
Patients suffering from Parkinson disease have a relative risk of 2.8 to 8.1 times that of
controls for postoperative delirium and hallucinations (12).

[(4) Postoperative hypoxia secondary to atelectasis and analgesia-induced intermittent
upper airway obstruction is a common occurrence (13). Falls in oxygen saturation to as
low as 65% have been frequeatly recorded. It is known that cerebral acetyicholine
synthesis is especially sensitive to hypoxia. However whether or not hypoxia is an
important causative factor or precipitant of POD is not clear. Gustafson ¢t al, (14) were
unable to show any statistically significant difference in paO2 values between confused and
nonconfused groups of patients, sampled at various times postoperatively. Although the
contribution of postoperative anemia was mentioned, there was no formal analysis of
oxygen ssturation-hemoglobin concentration products and their relationship to the
incidence of POD.

[3) Other responsible conditions may include cardiac arrhythmias, pulmonary embolism,
atelectasis, and abnormalities in the physical environment [ loss of eye glasses or hearing
aids, or immobilization with casts or instrumentation).

1.5 Differential Diagnosis of Postoperative Delirium

There are a number of conditions which should be considered in the differential
diagnosis of POD. Dementia, in contrast to delirium, has 20 acute onset, lasts months to
yoars, and has cssontially a non-fluctusting and irreversible courss. Both conditions share
global cognitive dysfunction and they do merge. In addition, less common forms of



dementia such as multi-infarct or trauma-induced dementias may have abrupt onset and
fluctuating course. However, the demented patient characteristically remains alert and
aware of her/his environment until in late stages of the disease.

Although epileptic seizures may manif?st as a prolonged delirious state, one normally
sces features of subtle rhythmic movement of the face, eyes, or jaw, or in the even more
rare circumstance of complex partial seizures, staring or other automatisms. Most
commonly, this delirium-like state has been reported in paticnts with past histories of
seizures, but de novo presentations in the elderly may be seen (15).

A patient with functional psychosis or “pseudodelirium” tends to have a past history
of psychistric iliness, be under the age of forty, commonly demonstrates depressive or

hathucinations, and lacks the characteristic fluctuation and typical “sundowning" worsening
of symptoms. Myoclonus, asterixis and EEG changes tend to be absent, and the patient
produces inconsistent results on repetitive cognitive testing (16).

As may be seen in Table 4, in about one half of all of cases, no specific cause is found.
perturbations are only of significance enough to cause POD when working in concert.

1.6 Investigation for Causes of POD

Whenever POD is suspected or diagnosed, the etiology should be sought. An
historical checklist addressing the commoner causes should be used (Tables 3 and 4).
Similar episodes of delirium in the past may point 10 8 common cause or suggest &
previously effective treatment. The content of the delirious patients’ speech or complaints,
rememsber however that the well [let alons delirious) eiderty patient may localize pain
poorty.




VTABLE 4

A. HISTORY TO INCLUDE:
CAM criteria
Type uf Surgery, th of fhyi mve

Weight pu

B. PHYSICAL EXAMINATION TO INCLUDE:

mu—
Awtonomic hyperactivity or instabilit

C. LABORATORY INVESTIGATIONS MAY INCLUDE:
CBC and difhosntial Serum calciors

Elscisolytes, BUN, glucoss Pules eximetry + Arserial Blood Gasss Chxq '




The physical examination in the lucid elderly patient is confounded by both the
presence of non-pathological anomalies which may mimic discase, and the less "classic* or
stereotypic manifestations of true disease findings. This is only compounded in the
delirious elderly person. As is true in the history taking, a fastidious examination guided by
knowledge of the most likely causes should be performed. Normal vital signs or
temperature readings do not rule out pathology or infection. One must consider the
change from a baseline [preoperative] temperature value rather than an absolute value to
determine the presence of a "fever”. A rectal examination is necessary to detect fecal
impaction, rectal bleeding, or prostatic cnlargement [as a cause of bladder distension), and
if there are any doubts, in and out catheterization of the biadder with recording of residual
volumes should be performed to detect urinary distention.

1.7. Detection of Postoperative Delirium

Detection of POD demands a reasonable index of suspicion, and some type of
monitoring for the appearance of DSM-III-R criteria. Most episodes of POD occur in the
"silent hours”, and a considerable proportion of the more subtle or atypical cases may be
missed by only casual assessment by physicians and nursing staff. Williams-Russo ¢t al.
(17) noted that physicians and nurses caring for patients missed 50% of the POD detected
cases characterized by combative or agitated behavior were usually noted but that many of
those involving quicter forms of perceptual disturbances, disorganized thought, or
episodes were still extremely distressing to patients and families. Morency (18) also noted

12



significant episodes of POD or underlying medical problems. In addition, earlier
intervention increases therapeutic efficacy. These factors underline the importance of
sensitive and prompt POD detection as well as the need for more reliable methods for
detection. Surveillance and detection are most appropriately performed by nursing staff
who spend the most time with the patients [especially nocturnally].

The mental status examination, intimately related to the history, should ideally be brief
but adequately address the characteristic interruptions of attention and easy distractibility.
These in turn must be distinguished from the unilateral neglect or aphasias of
cerebrovascular accidents, distraction due to pain or excess use of analgesia, visual or
hearing deficits, and deliberate lack of cooperation (3). Owing to the intermittent and
fluctuating course of POD, mental status examinations such as the MMSE may fail to
capture the key features of delirium if used alone, and in addition lack the high sensitivity
and specificity in delinlum and dementia detection when compared to a psychiatrist's
judgment (19). For example, Folistein ¢t al. (20) noted a sensitivity of 98% but a specificity
ofounly‘SMfordumiainueommnitybuedddedypopulsﬁon. Since the MMSE was
designed for screening for dementia one would anticipate its performance in delirium
screening to be no better.

Liptzin ¢t g].(21), in a study of 325 elders admitted to a general medical ward, found
that the DSM-I1I-R criteria compared favorably with those of DSM-III and ICD-10 in
detecting cases of eventually diagnosed delirium. The delirium assessment model of
inouye ¢t al [CAM] [Table 5] is a modification of these criteria and may aid in POD
detection. Its format allows for a brief but thorough review of criteria and may be used in
such contexts as over the phone discussions with attending nurses to monitor for the
manifestations of POD, using a checklist based on the CAM [Appx 6). It also allows for
some quantification of the degroe and duration of the POD.

19



TABLE §

The Confusion Assessment Method Algorithm (adapted from Inouye et al, 1990)
Feature:

1. ACUTE ONSET AND FLUCTUATING COURSE
Has there been an acute change in the patients mental status from baseline?
Does this abnormal behaviour come and go, or increase/decrease in severity?

2. INATTENTION
Is the patient having difficulty focusing attention, easily distractible or having
difficulty in keeping track of what you or others say?

3. DISORGANIZED THINKING
Is the patient’s thinking or conversation disorganized or incoherent?

4. ALTERED LEVEL OF CONSCIOUSNESS
Is the patient’s level of consciousness rated anything other than alert?
(ie: vigilant, lethargic, stuporous, comatose)
The diagnosis of delirium by CAM requires the presence of features 1 and 2 and ¢cither 3 or 4.

14



Ancillary tests have been proposed to aid in the diagnosis of POD.
Electroencephalography may show background slowing, but since this is a pattern seen in
dementia as well, the finding is not specific. Bedside recordings of ill patients are
compromised by artifact, and the episodic nature of POD makes this test frequently
impractical. Similarly, brainstem auditory evoked potentials and P300 signals [an evoked
potential possibly more reflective of cognitive activity] may show nonspecific slowing, but
this finding may be mimicked by pre-existing dementis.

In conclusion, the diagnosis can be adequately made on clinical grounds with the aid
of delirium and mental status assessment models.

1.8. Importance of POD
Although the prognosis may be excellent with expeditious diagnosis and treatment,

(1] Increased length of hospital stay (22-24) [It shouid be noted that in studies with small

(2] Increased demands on treatment resources,

(6] Possibly higher in-hospital and post-discharge mortality
rates (26,27). Rates range from 9.4-65% when both medical and surgical cases are
inchuded (16). The high incidence of delirium in the terminal stages of dissase may

15



measures of iliness severity suggest that the greater mortality rate may merely be a
function of greater illness severity and comorbidity, with delirium having no
significant independent effect (26).

The onset of delirium in medical patients has been associated with
(1] Post-discharge loss of independence and cognitive decline (28),

[2] Increased likelihood of transfer to chronic care facilities (28,29). and

3] ‘lncomplete recovery to prior cognitive status (30). Approximately one third to onc
half of patients experiencing POD leave hospital with persisting cognitive impairments
(10,20,39), suggesting cither preexisting and possibly predisposing dementia or
irreversible perioperative cognitive insults.

Postoperative delirium {POD) also appears to be a marker for both concurrent medical
iliness and possibly underlying dementia, and may be the first clue to such previously
unsuspected disorders (31-33). Consequently, its recognition, treatment, and prediction
and prevention are important goals to be incorporated into perioperative assessment in the
elderly population. Gauﬂhaﬁ;tsmdgaiuﬁdmswthemwopﬁnephyﬁcim
to perform this task.

1.9. Treatment of Postoperative Delirium

Simple algorithms are militated against by multipie etiologies, but some general
principles hold. The foundation of effective treatment rests on the prompt recognition,
diagnosis, and trestment of underlying causes, and provisional management of agitation
and disruptive behaviors. Cognitively impeired elders are at risk for fluid and electrolyte
immobility and depressed levels of consciousness, 50 that these must be tended to as well.

Intervention techniques for prevention or amelioration of POD incidence and severity
are effective. Nursing interventions include clarification and orientation 10 time and place,
correction of sensory deficits or inappropriste stimulation, continuity of care, and



recruitment of family members into the orientation process. They are reported to reduce
the incidence of POD by 1$ to 92%, with length of stays reduced by up to 4 days
(23,34,35) Some specifics of conservative treatment measures are listed in Table 6. In
addition, Gustafson (14) has outlined physician directed interventions which can
dramatically reduce the incidence of POD. [Table 6)

Mechanical restraint devices appear unable to adequately prevent fall-related injuries in
the delirious ciderly, and there is debate as to whether or not their use, by connotations of
entrapment , promote restlessness, agitation, and the fall-related behaviors they aim to
prevent (36). The placement of a mattress on the floor, when feasible, it a superior
technique, and the use of "boxing glove" hand restraints is more appropriate for
prevention of intravenous and urinary catheter tugging.

When symptoms of POD fail to respond to conservative measures and the treatment
of underlying disorders, pharmacological intervention may be tried. Before any
pharmacotherapy is commenced, one should identify target symptoms such as
halkucinations, delusions, and severe agitation, in order 10 define and assess therapeutic
efficacy and endpoints. One should also remember that in elders, there are increased risks
for drug side-effects, toxicity and drug interactions.

Because nurses spend the most time with patients, especially during the "silent hours”
in which the incidence of POD is grestest, they are in the optimal position for easly
detection and treatment of POD. Unfortunately, although effective, such nursing
inervention techniques are time and labour intensive, prohibiting their widespread
“prophylactic” implementation. In addition, physician directed interventions are most

The incidence of POD, its negative impeact on postoperative cutcomes, the recent
improvements in methods for its detection, and the demonstrated efficacy of early
detection and trestment, justify vigorous attempts 10 implement proventative measures and
surveillance for POD as early as possible perioperatively. The time and rescurce costs of

7



TABLE 6

Interventions Used to Reduce the Incidence and Severity
of Postoperative Delirium in Elderty Hip Fracture Surgical Repair Patients

NURSING INTERVENTIONS (9) (30)

2.

9

Bring familiar objects from the pationt’s home, and use the pationt's favourite words or
CXpressions in conversations, roquosts or explanations.

environment (for example by the nurse's station).

Mbm'f in familiar routines Ofﬂl'ﬂl.m, and climination
Use aduk diapers rather than poorly tolorated folcy cathotors (o manage incontinonoc.

PHYSICIAN INTERVENTIONS (28)

| B
2.
3.

Administcr postoperative supplomontal oxygen (0 avoid hypoxia

rmma—i-” f:&-ﬂiii-iqhg-ﬂe' Gload prassuse by grenter thas or oguel 40
30% of prospesative valus or 1o loss than 50 mm Hg.

wm“ﬁﬁimﬂ“hﬁhh’




such intervention and surveillance make universal implementation impractical.

Identification of high risk groups is therefore desirable.
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Chapter Two. Preoperative Prediction of Posteperative Delirium

2.1 Identified risk factors

An number of studies have attempted to identify predictive or predisposing factors.
The small sample sizes of many studies and the multifactorial nature of POD make it
difficult to separate causal from merely correlational relationships, but a number of factors
have been identified. These include male gender (1,2), and increasing age (1-4), although

and have in tum strong correlations with each othes. Fields gt al.(5) looked at the
prevalence of cognitive impsirment in admissions to medical services and found that
demented [defined as an MMSE score less than 24) patients were g ~nerally older, more

Rockwood (6) noted that patients developing confusion on a general medical ward tended
ﬂdwmwﬁiﬁwmdmwm Schor et al.(2)
in a mived surgical-medical patient group [in which the surgical patients comprised 49%
ofhhﬂ]nﬂdaﬂwqﬁ:ﬂbhn“pﬂﬁudmm
smentia, but results of pos ;*:':,f:;mdnmmmms
M(I 4. m&ﬁﬁyﬁﬁhm-ﬁmﬂm“




preoperative fracture patient, and the practical time limits imposed on the duration of
testing.

The potential importance of decreased functional status and cognitive impairment in
POD prediction is highlighted by the prevalence of these factors in the elderly population.
Ten percent of elders more than 75 years of age report major limitations in their daily
activity (7), and studies of dementia prevalence show 10% of elders over 65 to suffer from
it. This percentage increases up to 47.2% for those over 80 years of age (8,9), and may be
even higher in the institutionalized (10). Alzheimer-type dementia comprises
approximately 80% of these cases (8). Consequently a brief but more sensitive and
specific cognitive impairment screening tool would be invalusble for preoperative POD

Teng and Chui (11) have proposed a revision of the MMSE, “the 3MS", which
improves on sensitivity and specificity by the addition of four items and allows for more
refined scoring. This revised screening test has been used in the Canadian Study on
Health and Aging and will undergo evaluation with other data. Sui (12) has demonstrated
that the probability of dementia is greatly reduced when either normal serial sevens, 3 item

MMSE significantly increase the likelihood of dementia. Sunderiand ¢t al.(13) have shown
that the clock drawing test is a reliable indicator of visuo-spatial disability in SDAT and
being brief and therefore is a practical addition to preoperative assessment.
medications (2,4, 14).

[with higher rates in orthopedic and cardiovascul




type or duration of anesthesia likely has little importance, with similar incidence rates seen
with general or local epidural block anesthesia (15,16). Williams-Russo et al.(17), in a
small study, were unable to demonstrate any difference in rates of POD between different
types of postoperative analgesia.

Early pouopemive hypom (14) and hypolenﬂon (4) may be important contributors

mcode!m;ndmlyof?ﬂb(l).

Visual and hearing impairment, which affect as many as 40% of hospitalized elders,
may be important in studies of delirium development in medical patients (18), but to date
no study has demonstrated increased incidence of POD over non-sensory impaired elders.

2.2. Ancillary methods of Prediction

advanced SDAT, pontmnmtonngnphy[?ﬂ']mmg characteristi
dmmmmwwmmwm
and mmwwﬂmmmmmm
blood flow (19). MQWMH pin-behavior-imaging does not exist
W_ﬂmmdmm promise to bring many of the
mm&mmi;i” aphy t ccesaible level through the use
be *n modified 10 rotate 360 degrees, and less expensive, more readily available radioactive




developed a 3-D region of interest model which divides the brain into 7 contiguous but
non-overlapping zones in each hemisphere. Single coronal, axial, and saggital regions are
displayed and automatically overlaid, and uptake is expressed as a percentage of total
cerebral-cerebellar uptake.
A typical protocol for a SPECT scan involves the subject resting with eyes closed for

20 minutes. This is followed by intravenous injection of a radionuclide such as HMPAO
[Tc99 hexamethylpropyleneamine oxime], a neural and lipid soluble amine which crosses
flow. Acquisition of images, which may be done up to several hours afier injection, takes

roximately 20-30 minutes. The cost for the scan is approximately $250.00. The
practicality of this technique in terms of time and cost makes it a consideration for

elopment of Delirlum Risk Assessment Models

Lookmguﬁikproﬁhmheruunmhﬂmumm fnnkhmghmle
investigators have identifed sets of risk factors for delirium prediction based on the study
of medical or mixod medical-surgical groups (2,18), but it is uncertain whether such
results are generalizabie to the perioperative setting. In addition, the results of previous
m“mmm;h:tﬂm with different studies

ntifying different combinations of risk factors. The reasons for this may be
methodological, for example, related to methods of detection of delirium or proposed risk
factors like dementia. It is also possible that these differences refloct different
prevalences of risk factors), in the patients of various populations studied. If 20, any




of these different profiles in order 1o avoid its utilization in settings where the pretest
probability of its identified risk factors are inappropriately low. For example, the
octogenarian female with a fractured hip may be better served by a different POD risk
prediction model than the sixty year old osteoarthritic male undergoing elective hip
surgery.

This principle is supported in part by Gustafson's study which showed physician
respect to the control group, but also changed the risk factor profile from that of the
control group. By removing or changing certain patient characteristics [such as number of
may be altered. It could be further argued that the thoroughly assessed and medicall
characteristic profile and therefore also requires a different predictive model.

Previous studies have been restricted to elders undergoing emergency fracture repair
or bilateral knee replacement; procedures known to have high incidences of POD. To
{ 1] Elective hip or unilateral knee surgeries are common procedures in the elderly.
more time is available to reliably perform and compare scroening instrumeonts.

(4] Presentation to surgery, dhmﬂﬁmﬂmm




[5] Medical problems and risk factors are more easily identified and rectified in a
preoperative assessment clinic.
[6] The confounding potentials of fracture related pain, stress, and analgesia on physical,
mental, and functional assessment as well as co-morbid disease [which may have led to
the fall ] may be avoided, both by absence of the fracture and by pre-operative risk
reduction measures.

The above, easily and adequately performed in preadmissions clinics, allow for more
precise and thorough retrospective analyses of individual potential POD risk factors
and construction of models for assessing preoperative risk for POD in elective
patients. In addition, the study of a cohort of patients presenting over the
same time period for emergency hip fracture repair would allow for comparison of
differences in patient characteristics and risk profiles both between these groups and with
the literature.

Consequently the following study was performed. Its objectives were:
[1] To compare the incidence and severity of POD in eiderly patients attending a
preadmissions clinic and undergoing elective orthopedic surgery with that of non-elective
fracture repair groups (both those presenting to the same institution and those reported in
the literature.)
[2] To identify and compare potential preoperative risk factors for POD in the elective and
non-eloctive groups.
[3] To assess the utility of SPECT scanning in the detection of delirium.
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Chapter Three. Study Methods and Results
3.A Methods
3. Al Consent

Approval was obtained from the UAH Faculty of Medicine Research Ethics Board
prior to initiation of the study.[Appx 2]
3.A2. Patient Enroliment and Protocols

Betwoen September 1 and June 20 1993 all patients attending a University
hospital orthopedics preadmission clinic for medical assessment prior to elective hip
or knee replacement surgery were approached consecutively to obtain consent for
inclusion into the study. Enroliment was limited to the first three acceptances per day.
Exclusion criteria included reaching the daily quota, refusal, previous enroliment, age less
than 60, or inability to speak English. Patients under age 60 were excluded both to
conform to previous study protocols and to avoid problems incurred by screening
populations in which the pretest probebility of POD is low (1,2). Enrolled patients
which included the recommendations of the ACP Committee on Aging for functional
disability (3), and the Hachinski lschemic Scale (4), bloodwork, chest xrays and ECG
tracings, Folstein's Mini-Mental Status examination, a clock drawing test (S), ADL and
IADL scores, and HMPAO SPECT brain scanning. SPECT scanning was done by the
protocol meationed previously, giving 13.5 mCi of injected HMPAOQ intravenously to
patients who had rested with eyes closed in a darkened room for 20 minutes, followed by
20 minutes of image acquisition time.

All information wes collsted on standard forms [Appx 3,4,5, and 6). The physicien
responsible for following patients postoperatively was blinded to results of mental and



postponed until the patients problems had been resolved. There were no dropouts from
the study for this reason.

Patients were followed from 8 hours post-operatively until the end of the fourth post-
operative day. Surveillance included daily visits and twice daily [630 and 2230 hrs)
telephone interviews with attending nurses using a modified CAM questionnaire [ Appx 1],
repeated MMSE and clock drawing tests on the first and fourth posioperative days, and a
repeat SPECT brain scan on the 3-S postoperative day. In the event of CAM criteria
being fulfilled, further assessment included a history and physical examination, MMSE,
uﬂmmmnm:ggmmuqulyumuemppx 7] In all cases,

mine the cause(s) of the POD was made and recommendations for

After discharge all charts were reviewed and information including length of stay, type
and duration of anesthesia, operative and postoperative problems was coflated [Table 7)
A medical problem in both groups was considered “significant” if it was recognized as an
important factor in the assessment of patient functional or perioperative risk status.

In addition,charts of all patients aged 60 or greater, undergoin
hip or knes fractures st the same hospital during the same period (September1992- June
clinics. Cmﬁtdllm be m of deliwium included recorded physician
md‘m uhammﬂbﬁwmwh?ﬁnamw
-ﬁ.m:i wmw—imafm ancsthesia, and

non-clective surgery for




TABLE 7
Data Examined from Elective & Emergency Fracture Repair Patients' Charts
A. PREOPERATIVE

Age |

Residence Prior to Admission

Number of Significant Preoperative Medical Problems
Nmﬁdmdﬁmwm

Prior History of Postoperative Delirium

Prior History of Dementia

o)

Typand[)ugmaf.\m
Foley Catheter Insertion and Dete of Removal

33



3.A4. Study Participant Roles

All elective patient histories, physical examinations, in-hospital telephone interviews
and in-person assessments and all chart reviews on fracture repair surgery patients were
performed by the investigator. All ADL/IADL, MMSE, and clock drawing assessments
were administered by the same trained assistant. Clock drawing results were scored
independently by the investigator and a geriatrician, using the system outlined in Appx 8.
In the infrequent event of discordance in scores for a given clock, the higher score was
accepted. A score of 6 or less was considered abnormal. All patients in the study [both
elective and fracture-repair), underwent surgery with the same orthopedic and anesthesia
groups, were admitted to the same three orthopedics wards, and were cared for by the
same group of nurses. All SPECT brain scans were performed by the same team and
reviewed by the same two nuciear medicine physicians. These physicians were blinded to
other results until after their analysis had been completed.

3.AS. Statistical Analysis

Statistical analysis was performed on data from both the elective and hip fracture
groups, using either t-Tests [for continuous vanables) or chi-square /Fishcr's Two-tailed
Tests [for discrete variables]. Univariate analysis was performed first, both to demonstrate
the relationship between each individual factor and outcome, and to screen for the moet
probable predictors prior to entry into a logistic model, in order to reduce the potential
for colinearity between factors. From such univariate analyses in the elective group,
factors found to have significant or near significant p-values were selected for additional
sepwise multivariste logistic regression analysis 10 determine best fit 10 a logistic model.
This form of logistic anslysis was chosen because the results of messured outcome [POD)
were discrete rather then continuous. Consequently, rather than least squares regression r2
valuss, correctness of prediction, sensitivity, and specificity were used as estimates of
prediciory’ contributions and model power.



3B. Results
3B | Enroliment
ed for consent. Six patients refused, | was

A total of 91 patients were approach
excluded owing to an inability to understand the consent process, 4 dropped out during
the study, and 80 completed the study in its entirety. The nurses’ telephone CAM
interview had comparable sensitivity to the investigator's subsequent assessment of the
patient. The CAM interview detected 13 of the 14 cases of POD ultimately diagnosed, and

In the elective surgery group 17.5% of postoperative patients fulfilled the CAM
criteria for POD. Less than half of these were seriously delirious (7.5%). The mean date of
onset of the delirium was 0.84 days postoperatively ( range 0-5 days) and the mean
or grester admitted for surgical repair of fractured hips during the period of September 1,
1992 to June 21 1993. Of these patients, 50% developed POD, and seriously confiised

hh“mﬂ-—h use of *mﬁ:thPCAﬂji hine
hine )} Appx 9], and sbaormal preoperative clock
rewi : ssociated with postoperative delirium when anslyzed
singularly. TﬁwiwﬁOhwhm]hﬁimm




TABLES
A.  FACTORS ASSOCIATED WTTH INCREASED INCIDENCE OF POD IN ELECTIVE GROUP
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associations were also seen between abnormal scores on clock drawing and MMSE on the
fourth post-operative day.

Stepwise multivariate logistic regression on these variables showed male gender, and
abnormal clock test drawing to be the most highly predictive. These two factors were
predictive of delirium in 82.8% of cases, 97.8% sensitivity and 30.8% specificity. The type
of operation demonstrated only borderline statistical significance as a predictor of POD.

3B.4 Negative Results »ad Comparisons within the Elective Group [Table 8)

In the elective surgery group, no significant relationship was found between POD and
the following independent variables:

Age, education, non-English as first language, activity of daily living scores [ADL and
IADL), history of cerebrovascular accidents, smoking, constipation, anemia, disbetes,
reoperative medical problems, number of other joints impaired, number of prior
surgeries, history of alcoholism or positive CAGE score, history of depreasion, getting

C ,,"":ordlleMSEmmf;j:,'
mumduumdﬁmy wﬁﬁmwﬂMﬁ
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tively im the POD group.




3B.S Potitive Results and Comparisons between Elective surgery and Fracture Repair
groups [Tables 9 and 10}

(a) The incidence [17.5%)] and severity [7.5%] of POD was significantly lower in the
elective surgery group as compared to the fracture repair group [50% / 34.3%), with the
latter's incidence comparablie to that reported in the literature [61.3-41% / 30-6.8%).
(b) No significant differences or asymmetries were seen in overall gender ratios between
or within elective surgery and fracture repair groups. However, a major difference in
gender ratios exists between the elective and fracture POD subgroups, with a significantly
higher proportion of males developing POD in the elective group. This gender ratio does
not hold for seriously confused subgroups in either elective or fracture subgroups, perhaps
owing 1o the smaller sample sizes involved.
(c) Significant differences exist in ages between the two groups, with the fracture group
being comprised of older patients.
(d) Significantly more patients in the fracture group come from chronic care facilities
[CCFs).
(e) Both pre-existing dementia and preoperative delirium are significantly more common in
the fracture repair group. No cases of preoperative delirium were graded as severe and
all worsened if occurring postoperatively. Virtually ali patients that were delirious

No significant differences exist as to the type of anesthetic used and incidence of POD
within fracture or elective surgery groups, or between the groups. The elective group had
general anesthesia more often than did the fracture group [62.5% versus 47.7%)] but this
was oaly a trend [ p= 0.093]).



TABLE 10

Comparissa of Elsctive and Fracture Repair Groups
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(f) The use of patient controlied morphine analgesia [PCA morphine} was associated with
a lesser risk of POD in the elective group. In addition, PCA morphine was used far more
frequently than intramuscular [IM] morphine in the elective versus fracture repair group.
(g) All fracture repair patients underwent some form of hip surgery, compared to only
61.25% of elective group, [supporting the trend seen within the elective group towards

3B.6 Positive Results and Comparisons Within the Fracture Repair Group [Table 11)
Significant differences exist between the POD and Non-POD subgroups. On average,

patients who developed POD were older, had more pre-existing medical problems, were

ious pre-operatively, had a higher incidence of preoperative

monly resided in a chronic care facility prior to admission.

3B.7 Negative results and comparisons within the Fracture Group [Table 11]
postoperative hypoxia [negative trend). Although postoperative hypoxia was more
common in the fracture group, in the majority [89%)] of cases it involved patients who did

3B.8 Negative results and comparisons between the Elective and Fracture Groups
[Table 10)

(negative trend oaly), intracperative estimated blood loss, incidence and duration of
intraoperative hypotension, or incidence of postoperative hypoxia. Comparisons of mesn
hospital length of stay (LOS) and percentage of hospital stays grester than 7 or 14 days




TABLE 11
Cemparisen of POD and Noa-POD Subgreups of Fracture Repair Gronp
A. SIGNIFICANT DIFFERENCES

PREDICTOR POD GROUP | NON-POD GROUP | SIGNIFICANCE OF

Mean Age 818 1 = 71518 00034
Greater Than 80 (%) 68.75 20.58 0.0002_
Moaa Number of Prooperative 3 1.91 0.0013

Preoperative Residence in X 29 0.0004
Chrosic Care Facility (%) I




within and between elective and fracture groups were made. A trend was seen with
increasing length of stay from elective non-delirious to fracture repair delirious groups
[Table 12]). However on univariate analysis, there were significant differences in LOS seen

only between the elective and fracture NPOD groups.



TABLE 12
A. COMPARISON OF HOSPITAL LENGTH OF STAY (LOS)

PATIENTS LOS >14 DAYS.

3G STAY >7 DAYS (p vaiue)
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Chapter Four. Discussion

Although this study was performed in a tertiary care hospital setting, the referral base
of patiems, and nature and indications for surgery conformed to that of a community
hospital, making a strong referral bias unlikely. Only 11.7% of those approached for
consent and 4 8% of the inception cohort did not complete the study. This value is well
within the 20% limit suggested by the McMaster criteria .
sensitive method for surveillance of POD. The incidence and severity of detected POD in
this elective population was significantly less than that detected in the concurrent fracture
repair group or in fracture groups reported in the literature. Although POD cases may
have be missed in the elective study, a conservative estimate was more 'ikely to have
occurred in the comparison fracture group, given the limitations of retrospective chart
POD by caregivers (1,2). The lower incidence of POD in the elective group also probably
reflects both the absence of risk factors noted in previous studies and the presence of other

red to be a practical and

anssthetic type, have shown, at best, only trends in previous studies, and were not
severs conflssion in this group is comparable to Gustafeon's intervention group [7.5%
versus 6.8%).




Major differences were seen in comparisons of clective and fracture group
characteristics. Although the groups were equally matched for gender composition, many
more men than women became delirious in the elective group Proportionally, there were
no differences in male and female contributions to the fracture POD group. Interestingly,
these findings parallel the results of Gustafson's intervention and control groups (3). The
mean age was significantly higher in the fracture repair group, as were the incidences of
pre-existing dementia, preoperative confusion, and preadmission residence in a chronic
care facility (CCF). Although no formal estimations of preoperative discase severity were

medical problems. However, comparison of subsets shows that the fracture repair POD
group had significantly more pre-existing medical problems than did either the fracture
repair NPOD or total elective groups [Table 11 C). This illusirates the relationship
between impaired medical status and increased incidence found elsewhere in the literature

incidence. A lack of measurable difference in such medical and functional status markers

likely to have besn male, and have had scores less than 6 on the clock test. Near
significance on 2-tailed multivariste analysis was noted in patients having undergone hip
versus knee surgery, and given previously reported lower incidence of POD [14%) in
studies of unilateral hip surgery, this may be an important factor (1). It is noteworthy that




forms of postoperative analgesia) and decreased POD incidence was not substantiated on
multivariate analysis.

Although analysis of the SPECT scan data is incomplete, a preliminary lack of
difference between POD and NPOD elective groups results before and after surgery does
not suggest a high degree of utility in the preoperative screening for cognitive dysfunction
or POD risk. Definitive assessment must await more detailed region of interest analysis of
the data.

the elective and fracture groups, are weakened by the potential

analgesia, scen in the cdlective group, was not supported by any significant difference in use
number of patients using PCA morphine in both fracture subgroups. Similarly, the possible
relstionship between ircreasing POD with decreasing use of general anesthetic in the
fracture group is weakened by the lack of difference in anesthetic use between elective

The striking differences in incidence of various risk factors between the elective and
importance of assessing risk in the comtext of the particular group's medical, cognitive, and

<



depending on whether the proposed orthopedic procedure is elective or non-elective
fracture-repair . For elective patients, preoperative assessment in preadmission clinics
with enough lead time for appropriate medical intervention is advocated. Assessment
should include gender, administration and scoring of performance on the clock test, and

strongly suggest increased risk for POD. For emergency fracture-repair patients,
assessments positive for age over 80, past history of dementia, preoperative residence in a
CCF, numerous significant medical problems, and cvidence of pre-operative delirium
indicate a higher risk for POD. Intuitively, poor performance on a clock test should also
be predictive and more practical to perform in this setting than any other cognitive
POD, identified "high risk" patients can be earmarked for both nursing surveillance using
the CAM protocol, and preventative nursing intervention techniques. If “breakthrough”
measures can be incorporated into care guidelines.

Itis reasonsbie to assume that decreased incidence and severity of POD would
incidence between the elective and fracture repair groups [Tabls 12]. However,
significant differences may have besn masked by the generally mild asture of POD in the




elective group and early transfer 10 local hospitals of still delirious patients in the fracture



CHAPTER FOUR REFERENCES

1. Williams-Russo P, Urquhart BL, Sharrock NE, Charlson ME. Post.operative
Delirium:Predictors and Prognosis in Elderly Onthopedic Patients. J Am Geriatr Soc.
1992,40:759-67.

2. Morency CR. Mental status change in the elderly:recognizing and treating delirium. J
Prof Nurs. 1990;6{6):356-64.

3. Gustafson Y, Brannstrom B, Berggren D, et al. A geriatric-anesthesivlogic program to
reduce acute confusion states in elderly patients treated for femoral neck fractures. J Am
Geriatr Soc. 1991,39:655-62.

4. Hughes D, Bowes JB, Brown MW. Changes in memory following general or spinal
anacsthesia for hip arthroplasty. Anacsthesia. 1988;43:114-7.

5. Lombolt JRB, Haxhodt O, Kehlet H. Immediate and long-term mental recovery from

general versus epidural anesthesia in elderly patients. Acta Anesthesiol Scand.
1983;27:44-9.



S. APPENDICES



APPENDIX 1

- is taking part in a study of postoperative develop confusion in
orthopedic patients. Should he/she develop confusion as evidenced by the criteria below,
please call _ _. Telephone ¥__ JBeeper ¥ _ = who
will come as soon as possible to do an assessment and suggest lppropnm management.
Please refrain from giving anti-psychotic or sedating medications or using restraints before

__will also be calling on a twice daily basis 1o review your assessment
ot‘ mdwe for confusion in the patient, using the same criteria listed below. Again, should
any evidence for confusion exist, he will come to assess the patient as s0on as possible If the
patient appears confused by the following criteria, between the time of calls (6 30 am and
10:00 pm) please call him.

Fhwwﬂymmﬂimbvddm’

Mm(nnmll)
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APPENDIX 2

CONSENT FORM

“Prediction of Post-Operative conlusion in eiderly patients

TITLE OF RESEARCH PROJECT:
undergoing slective orthopedic procedures®
MNVESTIGATORS B.W. Fisher, MO, and A.J 8. McEwen, MD
Tele # 432 3LQS
INFORMATION.:

Epizodes of confusion occur in patients during the recovery period after orthopedic surpery
rather commoanly, and when severe enouph, can Jead I increased hospinal siay and suboplimal
beneliis rom the surgery Al this lime there are no relisbia screening mathcds I pradict who will

develap post-operative conlusion.
The purpose of this study is 10 833838 Paliants prasenting 10 the orthopedic pre-Bdmissions
clinic prioe 10 surgery, and Wwough history taking and physical examination &t wel a3
n wo brief Questionnaires (cognitive lests) which assass your thinking, mamory and other
mental shilis, as wefl as your abiity to parform normal daily activities, and,
@) & form of brain scanning, called HMPAD SPECT scanning, which looks at blood flow 1o
the brain,
the above named investigators hope 10 derive useld scraening methods for the prediciion of

poaqmmcodumn This would aflow for Dedler direction elmnnndcmhﬁud
risk, an action which in tum could reduce the occuriince of post-opersiive conlusion, or 8t

Your participation in this siudy would mean spending an sirs 20 i J0 minuies of yeur tme on
yOour pre-cpersiive assesament day, in ordler 10 ecminipier hy wats. This would net inleriere with your
Youting’ assesament bur would merely meke & more Shorough. in ackliion the HMPAD Spect brain
scen weuld be done. & tmhes sbout 1 10 1 1% hows toisl tme. A smell amount floes than 1 gy of
ofigce oM Whis routinely used scen (approved by National Neelih Food and Drug Disecsorate). The
Mdmmbmﬂ.mmmmnmnnﬂ“mm
your from the netural enwironment. To avoid en Gxirs BUNCIUR, Your 1oiling pro-oparsthve blosd work
wouly be withdrawn from the same ahe, wuumm

ARt your surgery, the cognitive tesis would be repesied on day one, and enviher SPECT acen
on day Bwee 1o five alter surgery. During your stay you would be clossly waiched for 1he development
of canlvaion. Should & occur he protocol would ensure your mpid asaeesment srcl Fesiment.

Because you have been asked 10 perticipeti as & normal subject i Iy Naly il he Corenl o
Amure Denefit (0 you mey arise. However should any sipniicent sbnormaiies be lound on I siudy
oy ol De Facussed with you einer directly or Svough your aisnding physician.




APPENDIX 2

CONSENT.

| acknowledge thal, the resesrch procedures described on the intormaioit Sheet (atdchad) and of
which | have & copy have been explaired 10 me, and that any questions thal | have ashed have been
answered 0 my sstisfaction. In addition, | know that | may contact the persan ramed below, # | fiave
further Queslions eNner now o in the kawe. | hive Deen informed of the allernanves 10 ParkciPation in
Wig study. | understand the possibla benalits of joining the resesich sludy, as well as the possible
risks and ciscomiorts. | have been assured that persons] records relating K i study will be kept
confidentel. | understand ihat | am ree 1o withdraw from the siudy 8! any 6me and that this wil nol
affect my continuing medical care. | lurther understand that ¥ the siixly is not underiaken, o ¥ R is
discontinued 8t any lime, the quality of my madical care will not be afected | understand that i gny
knowledpe gained om tha shuty bacomas available and that coukd inflvence My decision ta continue

in Wiz study, | wil be promplly infoimed.

e mmec s e

fﬂm)

The person who maey be contiicied
about the resesrch is:

Telephone No. ) _

_ (S:ignature of subyect, or
person guthorized 10 Sign on
behall of the subject e g,
pareni)

(Signature of m.r.ngama o
designes)
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APPENDIX 3

DATE OF ASSESEKENT ____
wGT LOSS?

weT

MESICATIONS: w —

MEDICAL HISTORY!

1. Cwdisvmcd o [4}] o L o P — — L S ——
o __ . A elame® __ -

i)
ity
tiv)
iv)
tvi)

2. Stroba/reidual deficits —

1. Lipld slwwraalities
&, Pulmary )
Ciiy
[$11} )
)
¢

ity

poptie viow eome —

o g _
Arrytimi s/pazer/eyraopa/ taints — —

PVD/c i matient ion — I
ypartaaion _

velvslar hoort dissasa/Bl/pregh ___ — — e
chrenic/prefutive cogh __ — -
ehraniz hrowhitis/ephysen

o) Civy ol =00 (v)Te M
joadisampatitis/eirehmis - e e

tiv) etoh __

tyeime -
— _ (iv) trambmioviran

7, Selewr e
R

8. Seral )

Wi (H) prestets

i) alioan's/storsid we
CHit) ovmer

¥, Snmvtelogy
SVRSICAL RIFDORY:

L th

tropam falls —

[{1}] Sotting lemt

i) ecantiearse: feesl _ —

ol

& )
thid
({11} ]

s} rasimity _

s pou often hove wanpleined aand ssinga?”

—_——  tw Setvarnel sanvia lan —
— (A7) Frior aplomie T ___ - e —
tvi} Prior apioads po sonplie __
I 11} Prier santh smpl it _
w____ o =s___ .
- e
e unidd be abie 89 bulp puu 0 dovd oF iiinees o empromcyr™ I ——
€c) onpabliicy of sare-glor ___ - .

0 trpgainiy o sy




APPENDIX 4

PEYSICAL RIANINATION

DATR OF ASSESSMENT: __

® npine watonding 0 Wyt " _ _

Viewsl sswity: unserrected earractel

Sesring whiaper tasts (L) eor “what is your nams" =y ____ ) _
(R) eor “thirty-twe™ « . Uy

L ——. - I R 1%

Cardlas: ~ otens — Pl — . Wit
) 2 - 3 “w__ . .

L able 90 toush sk of head with closped havain? Ves 8o __
Mie 00 plek «p ponsil fram csal Cable with dunivant haral?  Vou e __

Tronsfor frem choir %o table: wuble s stowly, wwssistes __
ale, easloted _ _ uichly, wassisted

Savelaplesis oowes ofl 4 lishe

tene: o —_— teg ___ e
musste wenting? - . - e —
oorcholior: tiager-nese —— el -hin — -
Senbory: E—— — N - —
prinitive reflenss: [ o [ et ek _
emtiont Lebitity e — - e
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APPENDIX §

1. Can you feed yoursetf ?

2 Can you dress and undress yourself P
3. Can you walk ?

4. Can you get in and out of bed ?

S Can you sahe a bath ov showewr ?

& Con you groom yourself ?
(men: shave women: hair/mahegp)

1. Can yous use the wwigphone ?

2 Can you gu 10 ploces oweside of
walking disance ?

3. Con you shap fov faed er clathes ?
4. Can yout prapase your own mosls ?

3 Can you handie your oo mengy and
finences ?

& Can you do your oun housswerk P




APPENDIX 6

NAME

AOE DATE

SEX OR DATE
(il known)

Ovientation (maxisvum score 10)
Ak "What is today’s date™ Thaw ask spucifically for parts amitied; eg
“Can you aleo toll me what sesson it is?

Ask “Can you toll me the name of this heapitel ”*
What flosr are we on?”

What tovwa (er oity) are we in?"

What prevines are we @7

What country are we in?"

Ragjstration (masniswm seove, thres)

Aak the subject if you mey test his or her memery. Then soy "bell," “flag,”

“Wes” clensly and slowly, sheut ens sssend for cash. Afler you have said ol dwes
wosda, ask subjest to rapent them. This flest vepetition determins the sssse (aere i
thwes) but kesp esying tham (up o six trinks) until e subjoct can repest all wes

Operation

werds. I he or she dass net eventually loarn all hres, recall canmet be meaningfully tented.

Anengion and calouietion (manimum sesre five)

Ak the ssbjest to bagin st 108 and count backwasd by seven. Siop afier five BE .o
subtrastions (93, 86, 79, T2, 63). Scere ens point for each corvect aumber. ot ; R
OR b T L

. M ae subjest cannet or will net performs this task, ask him or her to apoll the weed Number of carvectly
“werld” baskward (4, L, 7, o, w). The ssare is ens pains for each corvestly placed Placed betters. . .
lener, og, drow = S, diarw = 3. Roserd how the abjent apelied “werld®

backward: DLROW

Ak the subjest to resalll the $es wends you provieusly asked him or her to "Flag"....

restimber (loarnsd in registention). “Trs"....

Langeags (smanissum ssere 9) Wasch ...

Naming: show the suljest & watsh and ask “Whst is this”" Repent for pancil. Soare Pencil.......

ons point for each ilom aamed comently.

Repstition: ask the subjest to rapust, “Ne i, ands, er buts.* Scare ens point for Repstitian... . . .. ..
comest repatition.

Tiweo-stage command: give suljest o pisss of blank paper and sy, “Taks the paper Takes in right hand.
in your right hand, fold it in hell, and put in on % fleer.” Scure sns point for cach Feldsinbalf ...
ontion perforensd casvestly. Puts an fless
Reading: en & blank picss of paper, print the sentenne, “cless your eyen.” in it Claameyms...............
tavs large ensugh for the aulyjest to ase clearly. Ask subjout to read it and do what i

s Seave camest caly if he or she astually cless his or her ey

Wyiting: give the suljest o bMask pisse of paper and ask hiss or har to writs & Writes sanionces. ..
sontenss. B is 00 b weition spentanseusly. & must sentein & subject and verb, and

mahe conse. Comvest grammer and punstustion are st nessssry.

Cagying: en & dissn pisss of paper, duw intermestion pestagens, csch side shout Dvows pontagons ... ...
ong insh, and ek mujjost to eopy 8 ety s B is. AR 10 angies seust bs presemt

and twe st intevesst S soese one poist. Tremer and setstion ase ignered. Eg.

Sesvs: ofd sunber of coment rmpensss. In sostion 1 inshads Nems §4-18 or ham

Rats ljjorts (ol of comslommans: (o) cxma, (b) Shupes, fo) oy, () sl

Adaptad fium Folstetn.

gy

1)



HISTORY .

Fever ()

SOB () Orthopnoa () Cough ()Chestpain () ____
Urinary retention ( ) incontinencs ( )foul smell () _____
Cm()-lnlm“() R

\Vdﬂph() — —
Rocest falls () i
Drugs:
PHYSICAL: BP _ HR AR T
T bassline

Cyanosis ( ) wmnm()mmn
Pupils o Vision (if giessss: presest?)
Hoariang (f nid: presomt?)

Neck Stiffnces ( )
CHF () $JVP () lnapiratory crackles ( ) Edema () 54/83 ()
Strobe() ___
Focal Deficits () __ _ —
Asterenis () _ _
umuhnﬂﬂymu -
Evidence of trauma? () e
LAB:
Na_  Cr__ Glucsse EXG__
ARG aR__

Featusc 1. Acute Onsst and Plucousting Courss
is thore ovidemce of an acute change in mental stetes from the patient’s bassline? Did the (shbusrmal)

behaviewr Ructuste during the day. that is, tond 1o come and go. o incrense and decrenss in soverity?

Featuse 3. Distrganiaed Thinking
Was the patienrs thinking dissrganizad or incshasest. such o5 cambling or inulsvent comversation.
uncless or illagical fiow of idess, or ungvadiciabls switching from sulyject to sulyject?

Festuss 4. Alased Lovel of Consciommnans
Ovessll, how would you sus this potiont’ lovel of cansviousnses? (alevt (aosmal]. vighlant fgpesalen).

lothasgic (droway, eaally asvused], stuper (illloult o evouse], or coma funaseunsiie]).
ﬂh“iﬁﬁﬂﬂﬁﬁﬁiﬁlﬂ!ﬂﬁ!it




APPENDIX 8

Patients are given a sheet of paper with a predrawn 8 cm circle, and a large pen or felt-tipped
marker. They are asked to put the numbers on the clock and piace the hands to make it read
10 minutes past 3 o'clock. These same instructions are repeated as often as noeded but no
other directions or new instruction are given. No sttempts are made to cover up any time
pieces in the rooms. '

A scoring system, modified from those of Sunderiand ¢t al. and Wolf-Klein ¢t al., was used.
A score of 6 or less constitutes an abnormally drawn clock.

10.  Hands and numbers are all present and in the correct positions. Corrections without

9. There are slight errors in placement of hands or | missing number without spacing

There are moderate errors in placement of hands or confusion as to small and large

The placement of hands is significantly off course or spacing is inappropriate.

6. Clock hands are used inappropristely or there is use of digital display, circling of
numbers, or perseveration in the writing of the numbers.

_\‘I\

4. There is further distortion of the number sequence, counterclockwise order, many

3. The numbers and clock face are no loager connected in the drawing.
ation of a clock or irrelevant spatial representation exist.

table or no sttempt is made.



APPENDIX 9
PATIENT CONTROLLED ANALGESIA

Intravenous analgesia may be delivered (o the patient, who, by pressing a button, activates a
bolus through an intravenous pump. After a doss is delivered, the pump will not respond to
further requests for about 1S minutes 10 insure the analgesia has had time to work before
more is requested. '~dividual bolus amounts are pre-prescribed by the physician. Generally,
the pump is discontinued after 2 or 3 days, and oral analgesics substituted.

Patients using this method of postoperative ansigesic have been shown to:

1. Avoid delay in receiving pein reliever.
2. Become less drowsy for given degres of pein relief
3. Use less pain medication than those patients having conventional nurse administere




