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ABSTRACT
Study Purpose and Design: The purpose of this study was to determine thaiomship
between subsyndromal delirium and pain in oldettadallowing major elective
orthopedic surgery. The design of this correlatiagtady was based on Inouye and
Charpentier’s (1996) multifactorial model of delim.
Methods. Delirium assessments of 62 older adults were ¢eteq at 24, 48, and 72
hours following major elective orthopedic surgeByudy measures included: a) the lowa
Pain Thermometer (0-10) pain intensity scale; anithé Confusion Assessment Method
(short form). Data were analyzed for relationstapsong delirium symptoms and pain,
and secondarily, 24-hour opioid intake controllfogpreoperative risk factors.
Findings: Subsyndromal delirium occurred in 67.9 percemarticipants in this study.
Increased pain from 0 to 24 hours after surgeryahaignificant p<.05) relationship with
subsyndromal delirium on the second postoperatiye Similarly, increased pain from
24 t0 48 hours had a significap(05) relationship with delirium symptoms on the
second postoperative day. Opioid intake was naoiifss@gntly related to subsyndromal
delirium.
Conclusions and Implicationsfor Clinical Practice: Findings from this study suggest
older adults with higher levels of pain are at leighsk for developing delirium
symptoms and subsyndromal delirium on the secogdal@wing major elective
orthopedic surgerymproved pain management may help reduce subsyradbehirium

when attention is given to pain on the second pestdive day.
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CHAPTERI
INTRODUCTION

Subsyndromal delirium is a common complicatiohaspitalized older adults
with incidence rates of up to 68% in those who wugdenajor elective orthopedic
surgery (Liptzin, Laki, Garb, Fingeroth, & Krushell005). Subsyndromal delirium may
precede delirium and is thought to occur midway@ontinuum from no symptoms of
delirium to delirium (Trzepacz et al., 2012). Delin symptoms are extremely
distressing for patients as well as their fami(feartridge, Martin, Harari, & Dhesi,
2012). Subsyndromal delirium refers to subclineahptoms that are often unrecognized
by nurses as well as physicians and may never @sedo delirium (Vollmer et al.,
2010). Although symptoms are less severe, patieriissubsyndromal delirium have
similar risks for adverse outcomes to those whéestiforn delirium, including increased
lengths of hospital stays and admissions to long-tware, increased falls, and higher
mortality rates (Cole, McCusker, Dendukuri, & H2003; Cole et al., 2011; DeCrane,
Culp, & Wakefield, 2012). The pathophysiology okpaperative delirium is unknown
(Maldonado, 2008a), but it is thought to resultira complex interaction of multiple risk
factors (Inouye & Charpentier, 1996). Postopergbiam is an important factor related to
delirium (Bjoro, 2008; Lynch et al., 1998; Morrisehal., 2003; Vaurio, Sands, Wang,
Mullen, & Leung, 2006) occurring up to nine timesfeequently in patients with high

pain ratings (Morrison et al., 2003). The full symahe of delirium is costly and
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represents a national burden of an estimated $illkthkeach year (Leslie, Marcantonio,
Zhang, Leo-Summers, & Inouye, 2008), with negativecomes of increased lengths of
stay, increased morbidities, and three times theaiity rate of those without delirium
(Ely et al., 2007).

Although risk factors for subsyndromal delirium aresumed to be the same as
for full delirium (Cole et al., 2003; Cole et &011; DeCrane et al., 2012; Marcantonio
et al., 2003), a recent literature review founduaaxplained heterogeneity in the results
of existing evidence (Cole, Ciampi, Belzile, & Dw@s8arrasin, 2012). The presence of
pain is expected following major elective orthopeslirgery, and treatment with opioid
medication is standard clinical practice. Howewegap in knowledge exists concerning
the relationship between pain intensity level amosyndromal delirium, as well as in the
relationship between opioid intake and subsyndrateltium. Thus, research is needed
to better understand these relationships to reddeerse outcomes associated with
subsyndromal delirium.

The purpose of this study was to determine thegticgiship between
subsyndromal delirium and pain in older adultsdwaihg major elective orthopedic
surgery. The specific aims examined in this studyewa) to determine the frequency of
delirium symptoms and the frequency distributiopdoperative risk factors, pain
intensity ratings and 24 hour opioid intakes ofgrats age 65 years and older following
major elective orthopedic surgery; b) to deternihreerelationship between delirium
symptoms and the preoperative risk factors in addierts following major elective
orthopedic surgery; c) to determine the relatiopd@tween delirium symptoms and pain

intensity ratings controlling for preoperative risictors in older adults following major
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elective orthopedic surgery; and, d) to determingerelationship between delirium
symptoms and 24 hour opioid intakes controllingdelected preoperative risk factors
and pain intensity ratings in older adults follogrimajor elective orthopedic surgery. In
this first chapter, the significance of the prob¢eof delirium and subsyndromal delirium
in older adults are discussed.
Significance and Background

Subsyndromal delirium occurs when one or two efdbre symptoms of delirium
are present without meeting the criteria for fdlidum (DeCrane et al., 2012).
Recognized clinical features of delirium includeamute onset and fluctuating course,
inattention, and disorganized thinking with or vaitii altered level of consciousness
(Inouye et al., 1990). Similar to delirium, subsyoal delirium is a marker of poor
prognosis and adverse outcomes (Marquis, OuimkerRCossette, & Skrobik, 2007)
and may announce an imminent occurrence of fuitidei (Cole et al., 2003; Hakim,
Othman, & Naoum, 2012).
Incidence of Delirium Symptoms

Full delirium develops in up to 46 percent of olddults following major elective
orthopedic surgery (Vaurio et al., 2006). In congxan, subsyndromal delirium occurs in
up to 69 percent of older orthopedic patients (impet al., 2005). Ten percent of all
acute care patients admitted from home who devalbdgyndromal delirium while
hospitalized are discharged to an institution (&blal., 2003). Furthermore,
subsyndromal delirium is often preventable (ColeQusker, Ciampi, & Belzile, 2008).

Clearly, early detection and treatment of subsymadiadelirium is imperative to help



reduce adverse outcomes related to delirium symptarhospitalized older adults
(Hakim et al., 2012).
Interaction of Risk Factorsfor Delirium Symptoms

Although the pathophysiology of postoperative diefir is unclear, multiple risk
factors have been proposed to help explain thelolewveent of delirium. Surgery exposes
patients to multiple factors simultaneously thaymeecipitate delirium symptoms in
older patients (e.g., stress related to the surgrcgedure, exposure to multiple
medications, and pain). Following surgery, hoséal older adults are at risk for
developing delirium symptoms as a result of thauamdative impact of predisposing
factors from baseline vulnerability and surgeratetl precipitating factors. Previous
studies have identified several preoperative @skdrs for postoperative delirium.
Abnormal laboratory tests -- specifically albumsndium, potassium, glucose,
hemoglobin increased delirium risk (Popeo, 2011hadugh relevant, abnormal
preoperative laboratory values were anticipatdaetmfrequent in patients scheduled for
major elective surgery due to the requirement fedizal clearance prior to the
procedure. The medical clearance typically involhesuse of the American Society of
Anesthesiologists (ASA) score, as well as a medilegrance from the patient’s primary
physician, to estimate risk for mortality (Schwavpk Katz, Walsh, Lafferty & Slover,
2011).

Other risk factors for incident subsyndromal dahmiin surgical patients include
advanced age, dementia, and more co-morbidity (@ié&mpi, Belzile, & Dubuc-
Sarrasin, 2012). Opioids are often implicated eawse of postoperative delirium.

However, growing evidence refutes that opioidsease the incidence of postoperative
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delirium (Morrison et al., 2003; Sieber, Mears, L &d&5ottschalk, 2011). Although
delirium symptoms have been shown to result froermedication (Inouye, 2002), the
risk for delirium may actually increase when patigsegre given ineffective doses of
opioids following major elective orthopedic surgaycompared to larger, more effective
doses (Morrison et al., 2003). In addition, pairsyi@und to be an independent risk factor
for delirium in hospitalized older patients (Elyadt, 2007, Morrison et al., 2003; Vaurio
et al., 2006).

Postoper ative Delirium and Pain

Well-managed pain appears to be an important agp@ceventing postoperative
delirium. Patients with higher pain scores during first 3 days following surgery may
have a higher incidence of delirium (Lynch et 2098) and a slower recovery from
delirium once it develops (DeCrane et al., 201Bunb et al., (2006) concluded that
pain management has a greater impact on postogedsiirium incidence than all other
risk factors except age.

Although no studies were identified examining tekationship of subsyndromal
delirium and postoperative pain, some suggestfaisiors are the same for subsyndromal
delirium as for full delirium (Cole et al., 2003pf@ et al., 2011). However, some have
noted that subsyndromal delirium may possess its sk factors, outcomes, and
management (Trzepacz et al., 2012). Thereforeg\tltence is inconsistent and
sometimes contradictory in regards to subsyndralalium. In a systematic review of
published literature regarding subsyndromal detiheterogeneity was noted regarding
the prevalence, incidence, and some of the rigofa¢Cole et al., 2012). The risk factors

for subsyndromal delirium identified in the reviaveluded dementia, admission from an
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institution, increasing severity of medical illneasd vision impairment. Pain was not
one of the risk factors considered by the reseasatenducting the review.
I mportance of Identifying Subsyndromal Delirium

Subsyndromal delirium has consistently been aatstiwith poor outcomes
(Cole et al., 2011). Identification of delirium sgtoms may signal the need for early
intervention paramount to prevention of the deuasiaeffects of the full syndrome.
Several evidence-based algorithms are recommendedsd by bedside clinicians to
assist in identification of delirium versus no deim (for example, Inouye et al., 1990).
However, no clear what actions are indicated ifrash symptoms are identified prior to
the development of full delirium, thereby not magtthe algorithm criteria for further
action.

Early intervention involves identifying potentiawuses of delirium symptoms and
initiating attempts to eliminate precipitating faxg, such as poorly controlled pain.
Multidisciplinary efforts to prevent delirium thrgh identification of risk factors in older
patients on admission may or may not include atiartb pain management.
Furthermore, the relationship between subsyndra@laium and postoperative pain in
older adults following major elective orthopedicgery remains unclear in the literature.
Therefore, if subsyndromal delirium could be reedrsr some cases and thereby prevent
progression to full delirium, a shift in the empisasf current delirium detection efforts
from merely identifying the full syndrome of delim to also identifying early delirium

symptoms may be indicated.



Theoretical Framework

This dissertation study was built upon Inouye @hna@rpentier's (1996) predictive
model for delirium. Delirium is a syndrome charaizted by an acute onset and
fluctuating course, inattention, disorganized timigkwith or without altered level of
consciousness, and evidence of an external causeyg et al., 1990). The
pathophysiology of delirium is not fully understqdmlit is thought to be multifactorial.
Delirium occurs on a continuum from no deliriumdelirium, with subsyndromal
delirium between the two as subclinical symptomdedirium that may either precede or
never progress to delirium (Vollmer et al., 201D@lirium has a multifactorial etiology
with multiple plausible theories regarding possisi®logies of the syndrome; however,
the pathophysiology of delirium is unknown (Malddpa2008b) and no known
biological markers for delirium have been identfi@®@obertsson, 2002; Van Munster, de
Rooij, & Korevaar; 2009).

Inouye and Charpentier’s (1996) predictive modeldelirium theorizes delirium
as resulting from the complex interaction of prpdsing risk factors (e.g., age, cognitive
impairment) and precipitating risk factors (e.gajon surgery, pain). Each additional risk
factor increases risk for delirium. In recent yeagsearch has moved away from trying
to determine a specific cause for delirium towaythg to find ways to remove or
decrease the impact of precipitating risk factdtalflonado, 2008a). Delirium
prevention strategies aimed at reducing the impkwetodifiable risk factors are needed
to improve the clinical outcomes of high-risk patee(lrving & Foreman, 2006).
However, Inouye and Charpentier’s (1996) predicthael for delirium describes

delirium as an interaction between vulnerabilitg amoxious insults. Figure 1 depicts two
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older patients who present with low risk towardiriein prior to surgery; one patient
developed delirium symptoms and the other patighhdt. Following surgeryRatient 1
experienced severe pain, wherBasient 2experienced mild to moderate postoperative
pain. According to Inouye and Charpentier’s pradetmodel, if all of the other delirium
risk factors for both patients were equal, thegrdtwith increased strength of a noxious
insult, such as severe pain, would be at highkrfoisdeveloping delirium symptoms

than the patient with mild to moderate pain.

Predisposing Factors Precipitating Factors

High Vulnerability Noxious Insult

Patient 1: Severe Pain

Patient 2: Mild Pain
‘ EEER >

Low Vulnerability Less Noxious Insult

Figure 1.Differences in risk for subsyndromal delirium dlder adults with severe versus mild
postoperative pain. Higher pain levels increaseendbility to subsyndromal delirium. Adapted
from “Precipitating factors for delirium in hosgiteed elderly persons: A predictive model and
interrelationship with baseline vulnerability,” I8y K. Inouye and P. A. Charpentier, 1996,
Journal of the American Medical Association, 2@5853. Copyright 1996 by the American
Medical Association. Used with permission.

Assumptions of the Predictive Model for Delirium
An assumption underlying this conceptualizatiomlelirium as a syndrome is that

delirium does not result from one single causes Hssumption for delirium research
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suggests that, rather than searching for a siraglee; the consideration of multiple
contributing factors is needed. To say that detfirnesults from a variety of factors,
however, is inadequate to guide this investigatibonly describes the existence of
delirium.
Operational Definitions

Operational definitions employed for this studg described in Table 1. They
were derived from a review of the literature anel tbnceptual framework provided by
Inouye and Charpentier’s (1996) multifactorial potiste model of delirium. For this
study, subsyndromal delirium excluded cases ofysubr®mal delirium that progressed
to full delirium or from full delirium. More specdally, subsyndromal delirium was
defined as the presence of one or two of the fote symptoms according to the
delirium diagnostic detection tool -- Confusion Assment Method (CAM) -- without
meeting full criteria for a diagnosis of deliriuamd without preceding or following an
episode of delirium.

Assumptions
Assumptions of this study were as follows:
1. The etiology of delirium symptoms is multifactorialnature with several
contributing factors interacting at a specific tigheouye & Charpentier, 1996).
2. Older patients undergo surgery with some preexjgsisk factors that are not easily
modified or removed, such as age.

3. Surgery poses multiple strong noxious insults piate older patients at risk for

delirium and subsyndromal delirium.



Table 1

Operational Definitions

Concept or Variable Definitions

Older Adult Older adult refers to any individual65 years of age.

Major Elective Orthopedic  Orthopedic surgical procedures requiring an ardieig length of stay of
Surgery 48 hours or more.

Postoperative Delirium An acute state of transgemtfusion as measured using a testing method

operationalized by the shortened version of thef@on Assessment
Method (CAM) (Inouye, 2003).

Subsyndromal Delirium One or two positive findirgf¢he four core symptoms of delirium on
the CAM, which does not precede or follow delirig@oe et al., 2003).
Delirium Symptoms Delirium symptoms were definedading to the core symptoms on the

shortened version of the CAM (Inouye et al., 199@)irium symptoms

were scored on a scale of (0-3): No delirium=0;symdromal delirium

will be scored as either SSD-1 = 1; or SSD-2 =izt Belirium= 3.

1. Dedirium: An acute state of transient confusion as idexdifiy
meeting by a positive finding of the first 2 cosemptoms, plus
either the 3rd core symptom with or without tfectre symptom
according to the CAM (Inouye, 2003).

2. Subsyndromal Delirium (SSD-1; SSD-2): The presence of
delirium symptoms according to the CAM that did potcede or
follow an episode of delirium (subsyndromal delniwvith one
symptom, SSD-1; subsyndromal delirium with 2 oyBptoms not
diagnostic of delirium, SSD-2) (as in Cole et 2003).

3. No Ddlirium: No delirium symptoms. Evaluative testing using th
CAM failed to identify any core features of delimiu

24 hour Opioid Intake Opioid intakes will be calatdd for each 24 hour period starting from
the time of arrival on the post-surgical unit andéach additional 24-
hour period thereafter for 72 hours. Totals weneveoted to morphine
sulfate intravenous doses using an equianalgekialator to to an
estimated dose of parenteral morphine sulfateviioatd likely result in
the same analgesic effect

Pain Intensity A self-reported pain intensity rgtieflecting the degree of pain as
measured on the lowa Pain Thermometer (0-10) (TaMarris, Epps,
& Herr, 2005).

Preoperative Risk Factors Preoperative risk fadtardelirium symptoms included a higher
comorbidity burden, cognitive impairment, a recktithistory (within 6
months), and longer preoperative fasting times. @bidity burden was
measured using the Charlson Comorbidity Index (Sbhar Pompei,
Ales & MacKenzie, 1987). Cognitive status was sdarsing the Mini-
Cog. The number of falls within the past six montfes identified from
the medical record or per patient report. Preoperdasting time was
calculated in hours from last known intake priostmgery start time, or
from the midnight prior to surgery, if not otherwispecified.
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4. Eligible participants for this study will likely e few predisposing risk factors for
delirium. Given the routine practice of strict mealiclearance, some patients at the
highest risk for delirium symptoms may be deemddkely to survive major surgery
and denied the option of elective surgery.

Limitations

This study had several limitations:

1. Observational design. The observational design presents limitation® dse
inferences that can be drawn from study findingsweler, the ethical concerns
surrounding the provision of pain relief for sonaients and not for others limits the
use of more controlled designs. Patients havehd tigpain relief and should receive
the best possible pain treatment (Blacksher, 20l4grefore withholding an effective
medication from one group of study participant&amlitate a clinical trial may pose
ethical concerns.

2. Sample and sampling method. The sample was largely homogenous (98%
Caucasiam = 52; and, 2% American Indian= 1) and may not represent the
diverse population of older adults who choose teehaajor elective orthopedic
surgery procedures performed. Requirements for caédiearance prior to elective
surgery for orthopedic problems may have servdunio the number of individuals
with a pre-existing high risk for delirium (for exgle, those with a diagnosis that
prevents surgical clearance for elective procedduoesto an anticipated high risk for
mortality). However, the restrictive medical reguirents for major elective
orthopedic surgeries may have served to reducettimder of predisposing risk

factors present when compared to those seen inurgiaal patients.
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3. Missing data. The presence of missing data regarding pain $itieposes a
limitation. To minimize the impact of missing datagan substitution methods were
planned for use prior to final data analyses.

4. Useof self-reported pain in patientswith delirium. Delirium may represent a
barrier to pain assessment. However, self-repgréga intensity was used
successfully in previous research involving pasemith delirium. For example,
Leung et al. (2009) examined the ability of pasentth postoperative delirium to use
PCA and found their ratings of pain to be consistéth those without delirium. In
addition, DeCrane et al. (2011) successfully usselfareport rating scale for the
assessment of pain when investigating factors &dsdowith early recovery from
postoperative delirium when all of the patienteestdd for the study were delirious.
Furthermore, Kinjo, Lim, Sands, Bozic, and Leun@12) successfully used the
Numeric Rating Scale with adults agé5 years following unilateral total knee
replacement surgery of whom 48.1 percent develdpédum. Through the course
of the current study, patients with either subsgnaal delirium or the full syndromal
delirium were able to utilize the lowa Pain Therneten for attempted pain
assessments by either unit nurses or the researcher

Human Subjects Protection
Approval was obtained from the Institutional ReviBaard (IRB) at the
University of North Dakota for the study prior teetstart of the investigation (See
Appendix J for IRB materials). The research sitkicl did not have its own IRB in

place, accepted the university’s IRB approval fer $tudy. In addition, support for the
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project was obtained from the physician groups wkoee performing surgeries at the
research site.

To protect the privacy and confidentiality of paiggants, data entered into the
computerized database were protected through #thefus password known only to the
researcher, the utilization of encryption softwaned de-identified data collection forms.
A unigue number for each participant was selectedding a random number table and
placed on the data collection tools. Completed daliaction forms were kept in a
locked cabinet in a locked home office. The codewliith the key to the patient’s identity
and personal information was kept in a separateestbcabinet.

Summary

Delirium is a significant problem for older adultdlowing surgery with serious
adverse consequences, including a higher mortaliey The subclinical symptoms of the
syndrome of delirium, subsyndromal delirium, ocowteen only one or two of the four
core symptoms of delirium are present and may oocow continuum between the
absence of delirium and the full syndrome of defiri(Cole et al., 2008; Li et al., 2014).
Subsyndromal delirium has been found to pose simgis and adverse outcomes as
delirium, but of less severity (Cole et al., 2008gveral risk factors for postoperative
subsyndromal delirium have been identified in arngng body of evidence. However,
even though pain has been identified as a signifipeedictor of the full syndrome of
delirium, investigations into the relationship beem subsyndromal delirium and
postoperative pain were absent in the literatutdholigh the evidence negates the notion
that opioid medications precipitate delirium wheveg in recommended doses -- with

the exception of meperidine -- the relationshipiasetn subsyndromal delirium and
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opioid analgesic medications has not yet been tbegtm the literature. Therefore, the
purpose of this study was to determine the relahgnbetween subsyndromal delirium
and postoperative pain in older adults followingan&lective orthopedic surgery.

This study expanded on previous research regastingyndromal delirium
research. A gap in knowledge exists regardingetaionship between subsyndromal
delirium and pain. Findings from this study providé®rmation that can be used to
inform delirium prevention efforts towards improgioutcomes in older adults following

major elective orthopedic surgery.
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CHAPTER I
LITERATURE REVIEW
The purpose of this study was to determine thegtiogiship between
subsyndromal delirium and pain in older adultsdwaihg major elective orthopedic
surgery. The specific aims examined in this studyewa) to determine the frequency of
delirium symptoms and the frequency distributiorpdoperative risk factors, pain
intensity ratings and 24 hour opioid intakes ofgras age 65 years and older following
major elective orthopedic surgery; b) to deternihreerelationship between delirium
symptoms and the preoperative risk factors in adderts following major elective
orthopedic surgery; c) to determine the relatiopsldtween delirium symptoms and pain
intensity ratings controlling for preoperative risictors in older adults following major
elective orthopedic surgery; and, d) to determingerelationship between delirium
symptoms and 24 hour opioid intakes controllingdelected preoperative risk factors
and pain intensity ratings in older adults follogrimajor elective orthopedic surgery.
This chapter will focus on delirium and the infleerof pain and exposure to opioid
medication in the early postoperative period. Quirevidence is discussed relative to the
significance of subsyndromal delirium in older @aduénd the relationship of those

symptoms to risk factors related to surgery, inciggain and pain treatment.
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Pathophysiology of Delirium

Delirium is an adverse outcome that may be arcatdr of the quality of care
received by hospitalized older patients (Inouyéhl&inger, & Lydon, 1999). Length of
stay, another quality indicator, is increased fatignts who develop delirium (Kerr et al.,
2010). Delirium has been found to be a costly carapibn in terms of elderly patient
morbidity and mortality as well as costs to theltieare system (Ely et al., 2007; Leslie
et al., 2008; Leslie et al., 2005). Without prevemistrategies, the incidence of delirium
is expected to increase as the delivery of healkhdaanges with technological advances
and as life expectancy increases (Inouye et 89lP Risk factor identification and
targeting is a common subject in the literatureliridien is generally thought to be a
syndrome related to global brain dysfunction areuhderlying mechanisms are poorly
understood (Bagri, Rico, & Ruiz, 2008). Currentd®rice suggests that delirium may
result from multiple pathogenic mechanisms, suctirag toxicity, inflammation and
acute stress responses that alter neurotransatigity and cognitive function (Fong,
Tulebaev, & Inouye, 2009). Despite uncertain paklysmplogy, researchers agree the
etiology of delirium is multifactorial (Potter & Gege, 2006).

Subsyndromal delirium occurs when one or two efdbre symptoms of delirium
are present, but are diagnostic of delirium. Sutsymal delirium may occur on a
continuum between no delirium and the full expr@ssf delirium. Very little literature
has been published specific to subsyndromal delirithus, a review of the published
literature regarding delirium, as well as the aafali¢ literature of the impact of

subsyndromal delirium, is relevant and pertineihie Tollowing review of the literature
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examines available qualitative and quantitativelence of what is known regarding
subsyndromal delirium and postoperative pain ireoktults.
Qualitative Studies Describing Delirium

Although investigations into the experience ofsuigromal delirium were not
located in the literature, findings from a limitedmber of studies regarding patient,
nurse, and family-member experiences of the fuldsgme of delirium help provide
some insight into the experience. Studies usindjtgtiae descriptive and
phenomenology methodology have shed some lighh@m®xperiences of patients with
delirium.

Patients have described their delirious experiemasea sudden change in reality in
which they experience dramatic scenes that genstrateg emotions characterized by
opposite pairs. Patients report the delirium exgre@ as one that is incomprehensible -
one of being in a world that fluctuated betweenityeand fantasy, clarity and confusion,
fear and pleasure. Some delirious patients repsuddenly finding themselves in a
world in which the past and present were interwoweentributing to feelings of
discomfort in the experience. Patients stated thiaile in a delirious state, they need
understanding, support, explanations, and the pecesef family and friends (Bélanger &
Ducharme, 2011).

Quantitative Studies Focusing on Delirium

The risk of delirium increases with the numberisk factors experienced by the
patient (Inouye et al., 1999b). Therefore, nursastridentify patients with risk factors
that may contribute to the development of delirilfferent strategies are needed for

addressing preoperative risk factors and postoperask factors for delirium (Edlund,
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Lundstréom, Brannstrom, Bucht, & Gustafson, 200d¢ulye et al. (1999b) divided
interacting risk factors for postoperative deliriumo predisposing and precipitating
factors. Predisposing factors contribute to anviiadial’s vulnerability to developing
delirium. The identification of predisposing ane@pitating factors of delirium allows
for the application of preventive strategies (Ine@yCharpentier, 1996).
Predisposing Risk Factors of Postoperative Delirium

Older age has been consistently identified askafaictor that predisposes to
delirium (Kalisvaart et al., 2006; Morrison et &Q03; Vaurio, Sands et al., 2006) with
few exceptions (Andersson, Gustafson, & Hallbe@§)1). Other predisposing risk
factors include cognitive deficits (Edlund et @001; Kagansky et al., 2004; Kalisvaart
et al., 2006), less education (Jones et al., 2086rio et al, 2006), visual or hearing
deficits (Kalisvaart et al., 2006), decreased fiomal status (Givens, Snaft, &
Marcantonio, 2008; Schuurmans, Duursma, Shortrigigggett, Clevers, & Pel-Little,
2003), a history of recent falls (Fong et al., 2000rc-Grodzicki et al., 2014), intensive
care unit admission (Balas et al., 2007), low bodss index (Bjoro, 2008),
comorbidities (Leung et al., 2009; Schuurmans.e2803), multiple prescription
medications (Bjorkelund et al., 2010; Kaganskylet2®04) and depression (Kalisvaart
et al., 2006). In addition to older age, cognitivgairment at the time of admission is a
very strong predictor of postoperative deliriumdi), 2008; Kalisvaart et al., 2006).
Despite wide agreement for cognitive impairmena aisk factor, some researchers have
concluded that pre-existing cognitive impairmert dot significantly impact on the
overall risk of delirium (Balas et al., 2007). Irgstingly, a descriptive study of 100

patients found hearing impairment to be associaiddreceiving less pain medication
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and may have placed hearing impaired patients atcaeased risk for delirium
(Robinson et al., 2008).
Precipitating Risk Factorsof Postoperative Delirium

Although some predisposing factors can be idedtithrough preoperative
screening, factors present at the time of inpaaeimission may not be preventable.
However, precipitating factors are typically hoapitelated factors that contribute to
delirium development in patients. Preventive sgi@® have typically focused on
minimizing precipitating factors in patients at higsk for delirium. Many precipitating
factors related to postoperative delirium have hdentified: urgent or emergent surgery
(Andersson et al., 2001, Kalisvaart et al., 20@6)elayed surgery after hip fracture
(Edlund et al., 2001), postoperative complicatiidlund et al., 2001), urinary catheters
(Inouye & Charpentier, 1996), sleep deprivationgdidine, Bergstrom, Meininger,
Richards, & Foreman, 2010), prolonged durationrebperative fasting time (Radtke et
al., 2010), and poorly controlled pain (Bjoro, 200&urio et al., 2006).

The type of surgery can also contribute to theettgyment of postoperative
delirium. The incidence of postoperative deliriumorthopedic patients has been found
to be highest following hip fracture surgery whemicasted to elective surgeries,
suggesting that trauma-related surgery is an imporisk factor associated with a higher
rates of delirium in older adults (Andersson et2001). Major abdominal surgery placed
elderly patients at high risk for delirium in appimmately half of older patients who
developed postoperative delirium. This high riskyrha associated with intraoperative
blood loss (Olin et al., 2005). A South Korean sttitht investigated postoperative

delirium in older patients following neurosurgigabcedures concluded that severe
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postoperative pain requiring treatment with opiosds an independent risk factor (Oh,
Kim, Chun, & Yi, 2008).

Unrelieved pain following surgery is a precipigtfactor of delirium (Morrison
et al., 2003; Lynch et al., 1998) that is potehtiatodifiable or preventable (Leung,
2010). Preoperative delirium in hip fracture patsemay develop as a result of severe
pain prior to surgery and usually persists intoghstoperative period (Bruce, Ritchie,
Blizard, Lai, & Raven, 2005). In elective procediyribigher pain levels in patients who
developed postoperative delirium was related tgéomuration of delirium symptoms
(DeCrane et al., 2011). One of the possible pretipg factors to delirium may be
uncontrolled postoperative pain (Morrison et a@lQ2; Vaurio et al., 2006).
Subsyndromal Délirium in Older Adults

Subsyndromal delirium develops quickly over a fewars or days and represents
an acute change in cognitive function that is nadly related to another cognitive
disorder (Blazer & Van Nieuwenhuizen, 2012). Sulichl symptoms of delirium may
precede or never progress to delirium (Vollmer e2810). Some variation exists in
methodology concerning whether subsyndromal detiriisi still considered
subsyndromal delirium if it does progress to fdlidum. For example, some have
defined subsyndromal delirium as the presence efoortwo core symptoms according to
the CAM delirium diagnostic detection tool, withaueeting full criteria for a diagnosis
of delirium and not associated with delirium (Ceteal., 2013). However, Vollmer et al.
(2010) included cases that progressed to fullidetirin their definition of subsyndromal
delirium. Subsyndromal delirium that is not asstedawith delirium usually resolves and

lasts from 1-3 days up to 133 days (Cole et all320Adverse outcomes associated with
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subsyndromal delirium are costly: increased fétisgterm care admits, and increased
length of stay.
Subsyndromal Delirium and Preoperative Risk Factors

Meta-analysis techniques were used to evaluatgant articles published from
1996 to June 2011 regarding subsyndromal deliribiadalts age 60 or older and
included 3 out of 12 studies that investigated isafgatients (Cole et al., 2013). Studies
included by the researchers in the systematic newiere completed with medical
patients in acute, longterm and palliative carés,tiut the majority of the patients were
in medical inpatient units. The review’s patienintbned sample contained 49% with
dementia and a median age of 70. Upon close ex#onnaf the review by Cole et al.
(2012), only one study of surgical patients wasuded in the six studies used for the
risk factor analysis. The sample utilized in thegte study of surgical participants
focused exclusively on patients who required hatinre repair. Patients who sustain a
hip fracture represent a population with signifidyauhigher morbidity than typical
elective orthopedic joint replacement patients. Woelecting risk factors for the
proposed research, anticipated population charsiitsrof the sample were identified. In
addition to advanced age, cognitive impairment, fandtional impairment, Cole et al.
(2012) found dementia, increased severity of plasimess, and higher comorbidities
significantly increased the risk for subsyndromaircum. A significant limitation of the
review by Cole et al. (2012) was the mixed samplagrised of both medical and
surgical patients; only one study consisted of isatgatients who that were included in

the risk analysis. There may be important diffeesnmay be found in baseline
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characteristics between patients who have elestivgical procedures and those patients
who have emergent surgery or are hospitalized ioal conditions.

Subsyndromal delirium may have important implicas for delirium prevention.
In a study that included 250 medical and surgiecphtients aged65 years, Levkoff et
al. (1996) found no significant differences in risktors for subsyndromal delirium and
the full syndrome of delirium. In addition, the @yufound wide agreement that delirium
symptoms represent a spectrum of neurobehaviogdimments rather than a condition
with distinct clinical profiles and outcomes (Lev¥ket al., 1996; Ouimet et al., 2007,
Shim & Leung, 2012). However, Skrobik (2009) dissg that risk factors for delirium
and subsyndromal delirium are the same, denyingadtien that subsyndromal delirium
is a graded step in the spectrum of brain dysfondeverity (Skrobik, 2009). Despite the
disagreement regarding subsyndromal delirium geeatsum disorder, identification of
subsyndromal delirium could help achieve early désgs and improve patient
management. Criterion typically used to identifgsh older adults at risk for
subsyndromal delirium include age, comorbidity lurdcognitive impairment, recent
history of a fall, and prolonged preoperative fagtime (Fong et al., 2009, Radtke et al,
2010).

Age. Older age has been identified as a risk factorghedisposes one to
delirium (Kalisvaart et al., 2006; Morrison et &Q03; Vaurio et al., 2006) with a few
exceptions (Andersson et al., 2001; De Jonghe,2@07). A review of the literature by
Fong, Tulebaev, and Inouye (2009) included advanage (> 65 years) as a
nonmodifiable risk factor for delirium. However,eag/as not associated with

subsyndromal delirium in hospitalized older adoltsthe medical unit (Cole et al., 2003)
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but was a risk factor in the Intensive Care Uniei@na, Fanfulla, Mazzacane, Sanroro,
& Nava, 2010). Marcantonio, Ta, Duthie, and Resii#02) included age as a risk
factor for subsyndromal delirium, but with the dfitat >80 years.

Comorbidity burden. Often, patients present for elective surgery itk
existing conditions. Comorbidity was associatechwiibsyndromal delirium in medical
inpatients (Cole et al. 2003) as well as surgigpatients (Marcantonio et al., 2002). The
Charlson Comorbidity Index (CCI) (Charlson, Pompées, & MacKenzie, 1987) was
used by Cole et al. (2003) to score the level of@didity burden present in patients in
an investigation into subsyndromal delirium.

Cognitive impair ment. Pre-existing cognitive impairment has consistebden
associated with delirium (Edlund et al., 2001; Kasley et al., 2004; Kalisvaart et al.,
2006). In addition to older age, cognitive impaimnat the time of admission is a very
strong predictor of postoperative delirium (Bjo2®08; Kalisvaart et al., 2006). The
small number of studies available have starteddwiges early evidence for cognitive
impairment as a risk factor for subsyndromal detiriin both medical inpatients (Cole et
al., 2011; Levkoff et al., 1996) and surgical inpats (Marcantonio et al., 2002).

Impaired mobility. Functional status that impairs mobility has bassociated
with delirium (Fong et al., 2009; Korc-Grodzickiadt, 2014). Furthermore, a history of a
fall in the past 6 months is an independent predict postoperative delirium, even more
than an abnormal Mini-Cog, a dementia screeninp(toarc-Grodzicki et al., 2014).

Preoper ative fasting times. Dehydration that can result from prolonged
preoperative fasting times can contribute to datiririsk (Levkoff et al., 1996; Popeo,

2011). A prolonged preoperative fasting time isstdered a modifiable risk factor for
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the development of postoperative delirium (Leur@(®. Radtke et al. (2010) found the
duration of preoperative fasting time was a rigktdafor delirium symptoms in the post
anesthesia care unit and on the first postoperdayebut did not assess for delirium
symptoms beyond the day after surgery.

Recognition of Postoper ative Delirium

Delirium is preventable in 40% of cases overalb(lye, 2006) and in 50% of
cases in medical and surgical patients (Inouyé ,et299a). Early recognition is critical
for prompt treatment of underlying etiologies fbetprevention of negative outcomes
(Vollmer et al., 2010). Possible reasons for urméepgnition may be the transient nature
of delirium and varied presentations of the subsybgpoactive, hyperactive, and mixed.
For example, the hypoactive subtype of deliriuns w@ven times more likely to be
unrecognized by nurses in patients with advanced @@ years of age or more),
impairment of vision, or underlying dementia (Ineyf*oreman, Mion, Katz, & Cooney,
2001).

Assessment tools are available to assist in thetiftcation of delirium. The most
common tool for delirium detection in the literagwwas developed by Inouye et al.
(1990), the Confusion Assessment Method (CAM). T is a standardized tool
developed to be used at the bedside by clinicialy oesearchers to identify changes in
cognition that may be related to delirium quickhdaaccurately (Waszynski, 2007).
Many of the studies mentioned here utilized the CAllasurement tool (e. g., Inouye et
al., 2001; Leung et al., 2009; Morrison et al., 200aurio et al., 2006; Vollmer et al.,
2010; Wang, Sands, Vaurio, Mullen, & Leung, 200fe CAM is sensitive, specific,

and reliable for identification of delirium (Inouyt al., 1990).
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Standard pain assessment tools may not alwaysreiate for older patients
with delirium. However, assessment of behaviordidators of postoperative pain may
be utilized. Decker (2009) identified four pain belor categories that represent either
common or subtle expressions of pain. The behavilmaators of pain in older adults
have commonalities with those signaling the presariaelirium (Decker, 2009). Of
course, both pain and the presence of deliriumiredqmorough assessments to determine
underlying causes and appropriate treatments.

Nurses spend a significant amount of time at #aslale, making frequent contact
with patients. Therefore, nurses play a key roleegognition of patient changes in
attention, level of consciousness, and cognitivietion necessary to identify delirium so
early treatment of the underlying etiologies cannigated (Inouye et al., 2001).
However, delirium remains under-recognized in tbsgital setting (Inouye et al., 2001).

In a study comparing researcher and nurse assetsofalelirium, nurses often
missed indications of delirium, especially in higsk patients (Inouye et al., 2001).
These findings suggest additional education is e&déor nurses regarding the
recognition of delirium symptoms as well as the olsassessment instruments.

Postoper ative Pain and Risk for Delirium

Pain management may have a greater impact omudelincidence than patient
related risk factors (Vaurio et al., 2006). Howe\gesystematic review that examined the
role of postoperative analgesia in delirium andnitsge decline found no evidence to
support the etiological impact of opioids on theelepment of delirium, with the
exception of meperidine (Fong, Sands, & Leung, 2086me evidence suggests older

patients with postoperative delirium have highdi-ported ratings of pain and use
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greater amounts of opioid analgesia than non-debrpatients -- when using patient-
controlled analgesia, PCA -- (Leung et al., 20@0®stoperative pain in older adults raises
the question of how much the opioid medication gbated to symptoms seen in
delirium.

Poorly controlled pain has been identified asegipitating risk factor for
postoperative delirium. However, after a revievire available literature, no studies
were found that examined the relationship betwedsydromal delirium and
postoperative pain. However, previous work hasuatad the relationship between the
full syndrome of delirium and postoperative pamalprospective study of 477 patients
aged>50 years who had major elective non-cardiac surdegper resting pain scores
were significantly associated with increased risBedirium with an adjusted risk ratio of
1.20 (Lynch et al., 1998). Subsequent studies dawsonstrated pain to be associated
with increased postoperative delirium (Morrisorakt 2003; Oh et al., 2008; Vaurio et
al., 2006). Morrison et al. (2003) found severengaiplace patients at higher risk for
delirium in hip fracture patients. Others havetiertsupported the relationship between
higher levels of pain and delirium in other surgatients. For example, Oh, Kim,
Chun, and Yi (2008) identified severe pain to beslafactor for delirium after
neurosurgery.

Pain assessment and delirium. Pain assessment in older adults is often
challenging. Nurses may assume a confused pasiewtiable to use a pain intensity
rating scale. Although the validity of self-repoftpain in older people with moderate
and severe dementia has been controversial, geiftrs considered the “gold standard”

even in the cognitively impaired patient. Reseanclcates that individuals with mild to
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moderate dementia -- even some with severe demeria able to self-report pain
(Closs, Barr, & Briggs, 2004; Closs, Barr, Brig@ash, & Seers, 2004, Ferrell, Ferrell,
& Rivera, 1995; Taylor, Harris, Epps, & Herr, 2005)

The use of pain assessment self-report ratingsaalpatients with dementia has
been validated through testing of several pain omeasent tools (Taylor et al., 2005),
but there are no validated pain assessment toatisitie self-report specifically designed
for patients with delirium. A single study invesitgd the use of a researcher-developed
observational pain assessment tool, the Pain AssggsT ool in Confused Older Adults
(PATCOA), for patients with delirium (Decker & Pgr2003). However, the PATCOA
has shown poor correlation with self-reported gagong, Chong, & Gibson, 2006).
Behavioral pain measures correlate poorly with-ssgbrted pain scores. Behavioral pain
scales are not comparable to self-report pain sitynatings. However, the Pain
Assessment in Advanced Dementia (PAINAD) behaviscale does have ordinality
(Leong et al., 2006). The PAINAD should be usedicasly and only as a part of a
comprehensive approach to pain management (Erszk, Meradilek, Buck, & Black,
2010). However, the PAINAD can be useful as a #rggr an analgesic trial in patients
unable to self-report pain (Zwakhalen, Van der t&eNajim, 2012).

Pain management methods and delirium. Pain management may have a greater
impact on delirium incidence than patient-relatie# factors (Vaurio et al., 2006).
However, a systematic review that examined thegbf®ostoperative analgesia in
delirium and cognitive decline found no evidencsupport the etiological impact of
opioids on the development of delirium, with theeption of meperidine (Fong et al.,

2006). Some evidence suggests older patients witoperative delirium have higher
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self-reported pain ratings and use greater amairapioid analgesia than non-delirious
patients when using patient-controlled analgesau(ig et al., 2009). The results suggest
delirious patients may have been experiencing rpane than the non-delirious patients.
Postoperative pain in older adults raises the garesf how much the pain and how
much the opioid medication contributed to sympta@sn in delirium.

Reducing pain and agitation in the critical cariiisg may be important to reduce
subsyndromal delirium incidence. In a study of iisige Care Unit patients for whom a
protocol was used for sedation and analgesia, sdbssnal delirium was reduced
(Skrobik et al., 2010). No other studies were ledahat specifically examined the
relationship between pain management and subsyrdicetrium.

Selection of opioid medication for pain management. Researchers disagree about
the role of opioid intake in the development ofiié. Some have concluded the type
of opioid, and the cumulative opioid dose doesinatease the risk for delirium (Lynch
et al., 1998). A systematic review of studies conmgedifferent opioid medications and
their relationship to postoperative delirium foumaldifference among commonly used
opioids (morphine, hydromorphone, and fentanyljhwhe exception of meperidine
(Fong et al., 2009; Morrison et al., 2003). In cast, Radkte et al. (2010) reported the
choice of intraoperative opioid was predictive efidum in the postoperative period.
Meperidine was more often associated with higheidence of delirium in older adults
than morphine and other unspecified opioids irrgelalinical trial (Morrison et al.,
2003). No conclusive findings were noted regardimgpreferred use of one opioid over

another other than the avoidance of meperidine.
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Dosage of opioid. Inadequate or low doses of opioid analgesics imagase
delirium symptoms in older adults. A retrospecstedy with a matched-group design of
43 medical-surgical patients compared the pharmgamdl pain interventions for those
who developed delirium with those who did not. Teégearchers found that less pain
medication was given to patients who developedidaii by nearly half of the total
dosages given to those who did not (Robinson &ndell, 2010). Others have found that
low doses of postoperative analgesia are assoasatiec higher risk of delirium (Bjoro,
2008; Morrison et al., 2003). In fact, some reskears have concluded that those patients
who had received more analgesia per day followntigopedic surgery had shorter
lengths of stay (Morrison, Flanagan, Fischberg{r@ém & Siu, 2009). Furthermore,
other researchers concluded that concern for pesdtipe delirium should not prevent
opioid administration in sufficient doses to reaciceptable levels of comfort (Sieber et
al., 2011).

Route of administration. The route of administration of opioid analgesiaym
have significant implications for delirium in oldadults. Some researchers have found a
decreased incidence of delirium when oral opioidlgesics are given to older patients in
the early postoperative period instead of usingradtive routes of administration of
opioid analgesics, such as the intravenous rouderiu et al, 2006; Wang et al., 2007).
Wang, Sands, Mullen, Vaurio, and Leung (2007) fotivad patients who receive oral
analgesics postoperatively are much less likelyeteelop postoperative cognitive
deficits. However, Williams-Russo, Urquhart, Shekjcand Charleson (1992) found no
significant differences in delirium occurrence wtkay compared patients following

bilateral knee replacement who received intraveramaggesic and those who received
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epidural analgesia. Other researchers have alsadl fa detect a difference in the
incidence of delirium dependent on analgesic r@iuyach et al., 1998).

Although two studies were identified that foundexreased incidence of delirium
with oral opioid analgesics in older postoperapagients (Vaurio et al, 2006; Wang et
al., 2007), no studies were identified that invgestied the efficacy of around the clock
scheduling of oral opioids in the immediate postapee period for delirium prevention
following major surgery. Vaurio et al. (2006) idd#ied decreased incidence of delirium
in older non-cardiac surgical patients who wereegieral opioids starting on
postoperative Day 1 when compared to other paimmegs. Pain at rest and pain with
movement was recorded by the researchers; howegpostoperative pain management
method was not controlled in the study and measenésrof pain and delirium were
completed only in the early postoperative peridthiarly, Wang et al. (2007) found that
patients who receive oral analgesics postopergtare much less likely to develop
postoperative cognitive deficits. The literaturggests decreased delirium may result
when the oral route is used for opioid administrafiollowing surgery.

Williams-Russo et al. (1992) compared a samplelafdnsecutive bilateral knee
replacement surgery patients for differences iirideh incidence between those who
received intravenous analgesic and those who redepidural analgesia and found no
significant differences. Other researchers have faited to detect a difference in the
incidence of delirium related to the analgesic eqliynch et al., 1998).

Delirium Prevention Strategies
Nurses are primarily responsible for providing gagte pain relief to their

patients. Pain, as one of the precipitating rigitdes for delirium, may be preventable
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through quality nursing care that incorporatesudmt assessment of pain using self-
report (if possible) followed by appropriate anaigefor pain. Identifying patients at risk
for delirium before surgery may allow members @& bealthcare team to work
collaboratively to take measures to minimize exp@sa additional risk. Proactive
geriatric consultation was an effective strategge¢orease delirium incidence in
hospitalized patients with hip fracture (Marcantritlacker, Wright, & Resnick, 2001).
Pharmacological treatment with antipsychotic mettbeain low doses may be an
effective measure to treat delirium symptoms ireolphtients (Markowitz &
Narasimhan, 2008). Recommended nonpharmacologeads include orientation,
therapeutic activities, and mobility (Fick, Agosti& Inouye, 2002).
Demographics, Ethnicity and Delirium

Boustani et al. (2010) found no difference initin@dence of delirium between
races or ethnicity. Older Americans are at higisd for delirium. The male gender has
been identified as a risk factor for the develophwmelirium. Men develop delirium
twice as often as women with the exception of hggture patients, of which 80% are
women (Robinson et al., 2008).

Summary

Although delirium research has increased dramigticarecent years, much
remains unknown regarding delirium. Both qualitatand quantitative investigations
confirm delirium as a significant problem in oldetults following major surgery. Pain
increases risk for postoperative delirium in olddults, whereas opioid administration in
appropriate dosages may not increase delirium.ofitth postoperative pain is accepted

as a precipitating risk factor for delirium, sigoént gaps exist in evidence regarding
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subsyndromal delirium and its relationship to ppstative pain in older adults.
Therefore, the purpose of this study was to detazrthe relationship between
subsyndromal delirium and postoperative pain irepkbults following major elective

orthopedic surgery.
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CHAPTER 111
METHODS
The purpose of this study was to determine thegticgiship between
subsyndromal delirium and pain in older adultsdwihg major elective orthopedic
surgery. The specific aims examined in this studyewa) to determine the frequency of
delirium symptoms and the frequency distributiorpdoperative risk factors, pain
intensity ratings and 24 hour opioid intakes ofgrats age 65 years and older following
major elective orthopedic surgery; b) to deternihreerelationship between delirium
symptoms and the preoperative risk factors in adderts following major elective
orthopedic surgery; c) to determine the relatiopsldtween delirium symptoms and pain
intensity ratings controlling for preoperative risictors in older adults following major
elective orthopedic surgery; and, d) to determingerelationship between delirium
symptoms and 24 hour opioid intakes controllingdelected preoperative risk factors
and pain intensity ratings in older adults follogrimajor elective orthopedic surgery.
This chapter presents the study design, samplsettidg, procedures, tests and
measures, data management and analysis, and hulvjants protection. Data analyses
were discussed separately for each of the study.aim
Study Design
This prospective study used a correlational demgietermine the relationship

between subsyndromal delirium and postoperative ipaolder adults following major
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elective orthopedic surgery. A correlational desgyappropriate for the examination of
relationships among variables that contribute toaicome of interest. This study
examined whether or not subsyndromal delirium ve¢eted to levels of self-reported
pain in older adults who underwent major electivtb@pedic surgery.

Because pain is an independent risk factor forideti (Morrison et al., 2003;
Vaurio et al., 2006), this study sought to underdtdne relationship between
subsyndromal delirium and postoperative pain. Mypecifically, the role of
postoperative pain levels in predicting subsyndiaeéirium was examined. Like
delirium, subsyndromal delirium is thought to beltfactorial in nature. Thus, a
research investigation that seeks to examine teagrhenon of subsyndromal delirium
must consider multiple covariates as potential oators to the outcome. For this study,
Inouye and Charpentier’s (1996) multifactorial miofde delirium was used as the
theoretical framework. Inouye and Charpentier cpheaized delirium as a
multifactorial phenomenon resulting from an intéi@t of predisposing and precipitating
factors where risk is increased with each additiosk factor. Multiple regressions were
planned to allow for an examination of the impdgbastoperative pain on subsyndromal
delirium when there are multiple possible covasate

Sample and Setting

A consecutive sample of older adults schedulednfajor elective orthopedic
surgery was planned for recruitment to the studhe primary site was a rural hospital in
the northwestern region of the United States. Tka & a popular retirement destination
for older adults - thus contributing to a highergamtage of older adults in the local

population than in the national average (UnitedeSt&€ensus Bureau, 2010). Inclusion
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criteria were selected to obtain a sample of irtlials who were likely to be at risk for
developing delirium symptoms. Preoperative riskdescfor subsyndromal delirium
identified from the literature included increaseamnier of comorbidities, cognitive
status, history of recent fall (within 6 months)dahe duration of preoperative fasting
times. The hospital selected as a research siieatiypperformed two to three major
orthopedic surgeries each week, although not &kpis met the eligibility criterion for
participants to be 65 years of age or older. That-porgical unit was a general medical-
surgical unit with a specially trained orthopediagse designated to oversee the
postoperative care of the orthopedic patients daghEnroliment of participants took
place between August 2013 and May 2014.
Inclusion Criteria

Eligible participants were (1) scheduled to underggor elective orthopedic
surgery with an expected length of stay of at Id&shours; (2 65 years of age; and (3)
English-speaking. The composition of the sample nvase homogenous than anticipated
(98% Caucasiam = 52; and, 2% American Indian= 1) given the proportions of
race/ethnicity in the region (92% Caucasian, 3%pbinéc, 3% American Indian, and
Others <1% (United States Census Bureau, 2010).
Exclusion Criteria

Participants were excluded if they had (1) pretesmgsdelirium as determined by
preoperative delirium screening using the CAM alfon at the time of enroliment; or
(2) an inability to utilize the lowa Pain Thermomepain intensity rating scale.
Capability to use the lowa Pain Thermometer wasuetad preoperatively by way or

return demonstration. Successful use of the lowa Paermometer by potential
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participants was evidenced by an ability to stagevterbal descriptor from the scale,
report a numeric value for pain, or point to theeleof pain when asked. Consenting
older adults with cognitive impairment were invitedparticipate in the study if they
demonstrated an ability to use the lowa Pain Thearater and met the other eligibility
criteria. Verbal descriptors were recorded usirggdbrresponding values on the
thermometer on the 0-10 scale.

Given the elective nature of this type of surgarg the negligible death rate
within the first 3 days following major electivetbopedic surgery, expected loss due to
death or attrition was estimated at 5%. Consistetht reports from the clinical research
director at a research site in the same geogrdpleigean, a typical refusal rate was
estimated at 11.8% (Laukddpntana Neuroscience Research Institgiersonal
communication, March 7, 2013). A power analysiggpam developed through National
Institute of Health funding (Borenstein, Rothsté&dghen, Schoenfield, & Berlin, 2001,
Power and Precision Version 2: A statistical progréor statistical power analysis and
confidence interva)s was used to verify that 53 participants wereunegl for a
statistical power of .80 with an alpha of .@b< .05) and the conventional effect size of
0.30 §2=0.30) (Cohen, Cohen, West, and Aiken, 2003)ediccounting for anticipated
attrition (5%) and refusal (11.8%), the power aseyndicated that a sample of 62
participants should be recruited for a sample ogp&3icipants to complete the study. The
refusal rate by potential participants was 14.5% Q). Following enrollment, two
enrolled participants (3.8%,= 2) requested to withdraw for the following reasoone
patient reported he was too ill to continue pgote due to severe pain, and the other
patient reported uneasiness with the questionsingbé cognitive assessment. Both of

36



the participants who withdrew consented to have tteta collected by the researcher up
until the time of their withdrawal used for thedyu
Procedures

Procedures followed in this study are describetiénfollowing section.
Procedures for informed consent, sampling and rtacent process, staff training,
instruments and measurements, and analysis ofasaaput in place prior to recruitment
of participants.
I nformed Consent

At the initial meeting with potential participantbe researcher provided
information regarding the purpose of the proposedys rights of study participants,
potential risks and adverse effects, and the duradf study participation. Patient
comprehension of the presented information wassasseby the researcher followed by
an opportunity for potential participants to halleatheir questions answered prior to
enrollment in the study. The Pl was careful to paflients that participation in the study
was voluntary and that they were free to withdraargy time. When informed consent
was granted, two consent forms were signed by dhntecgpant. The participant was given
one of the signed consents, and the other consenkept by the researcher. The consent
forms will be kept by the researcher for a timequeof four years, as recommended by
Erlen (2005). Each partcipant was given a foldat tontained the signed consent,
contact information for the researcher, an lowanH&ermometer for home use, and
instructions related to information to be recordetischarge occurred prior to the

completion of the 72 hour study period.
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Sampling and Recruitment Process

A consecutive sample of 62 older adults age 63dwrscheduled for major
elective orthopedic surgery were eligible for papation in this study. Figure 2 presents
the flow diagram of enrollment of participants inkas study. Concerns regarding the
introduction of confounding factors and practicahsiderations of access necessitated

narrowing the sample to patients scheduled fottigleorthopedic procedures.

Patients> 65 scheduled for major
orthopedic surgery (N =62, 100 %)

Refused to participate
(n=9, 14.5 %)

Patientsenrolled (n =53, 85.5%)

Patients who withdrew
(n=2,3.2%)

Patients entered in final complete
analysis(n =51, 82.3%)

Figure 2 Flowchart of participant enrollment. Percentagdkect portions of the intended study
sample size of 62 participants. The prospectiveseoutive sample included 53 patients who
underwent major elective orthopedic surgery wiftmal sample size of 51 following the
withdrawal of 2 participants.

Recruitment. At the time of the preoperative appointment, paédigteligible
participants were screened by preoperative nugas@ing to inclusion and exclusion
criteria. Figure 3 presents the algorithm usedheypreoperative nurses to identify
eligible participants for this study. Patients thrat the algorithm criteria were invited to
participate in the study. If requested by the peitithe preoperative nurse notified the
researcher of the patient’s name, phone numberthendate of the planned surgery. An
information technology specialist at the researtshset up an internal auto-email system

from the computerized postoperative assessmeatiiitdte consistent notification to the
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researcher through the-agency email. The email was triggered by a ‘yespomse tc

the question embedded in the assessment that a$letlder the patient was interestec

participation in the “pain studyFollowing notification ofa patient interested

participating in the study, the researcher arrariged time to meet with the patient pr

to the scheduled surgical proced

M

I

LOS= length of stay
IPT= lowa Pain Thermomet

Figure 3 Eligibility algorithm for study participation.
determine eligibilityfor participation in the stud
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Following informed consent, it was necessary tafyeach participant’s
preoperative status. Information was gathered im@mview with each participant. The
interview included completion of a demographic duesmaire, a delirium assessment,
and a dementia screen. Participants were themuatstt in the use of the lowa Pain
Thermometer and asked to rate their pain at restati activity.

Demographic information. Demographic information collected at the time of
enrollment included age, gender, race/ethnicity, laning arrangement (See Appendix
B). In addition, information regarding past medikadtory, comorbid conditions, recent
fall history, and current medications was recordedng the patient interview. In
addition, functional status was assessed usingltbe form of the Barthel Index of
Activities of Daily Living (ADL) (Hobart & Thompson2001) and scored prior to
surgery on the basis of observations and/or splittédrom patients and/or proxies at the
time of enrollment. The score for Barthel Indexisum of five ADL items: transfers,
bathing, stairs, toilet use, and mobility with age from 0 (completely dependent) to 5
(completely independent). The Barthel Index hasilseported to have excellent
reliability and validity and adequate responsiverneschange when measuring physical
disability in older patients with musculoskeletabiplems (Collin, Wade, Davies, &
Horne, 1988).

Delirium, cognitive, and pain assessments. A delirium assessment in
conjunction with a cognitive assessment was cora@les confirm the participant did not
have delirium. In conjunction with the delirium assment, the researcher used a
cognitive assessment/dementia screen. If partitsdaad an abnormal cognitive

assessment indicating dementia, the informationreesrded as a positive dementia
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screen. A positive delirium screen excluded pasiémm eligibility for the study;
whereas a positive dementia screen did not exgatlents. Instruction was given
regarding use of the lowa Pain Thermometer andsa@sament of the patient’s ability to
use the scale was completed. In addition, theqyaaint was asked to use the lowa Pain
Thermometer pain scale to rate their pain.

Early discharge procedures. In anticipation of the possibility of discharge o
study participants from the research site priazdmpletion of the data collection period,
an alternative data collection procedure was d@esldo facilitate continued data
collection through the 72 hour period. The altameaprocedure required the researcher
to conduct a phone interview following the third-2dur postoperative time period. This
follow-up procedure facilitated completion of datalection for 32.3%r{ = 17) of the
study patrticipants. Telephone assessment of dalinas been effectively used to identify
delirium in adults 65 years or older (Marcantomiichaels, & Resnick, 1998). As
suggested by Marcantonio, Michaels, and Resnic8§).3he Delirium Symptom
Interview (DSI) (Albert et al., 1992) was used ligiespecific symptoms of delirium in
combination with cognitive testing and was foundhéwe a sensitivity of 1.00 and a
specificity of 0 when compared to face-to-face nviwvs (Marcantonio et al., 1998) (See
Appendix C). The phone interview took approximatEb20 minutes. The information
gained from phone interviews was used to completeCtAM diagnostic algorithm in
order to detect delirium symptoms. As part of theme interview, the researcher asked
participants to verbally report the lowa Pain Themmeter pain intensity ratings since
their discharge home and what pain medications lilagiytaken since arriving home.

Participants received early discharge instructiargtudy folders given to them at the
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time of enrollment. Study folders contained thédwing information: contact
information for the researcher, an lowa Pain Thenaier, and instructions with a table
for the recording pain intensity ratings every 4itsoand the time, dose, and name of pain
medications taken. Data were collected by the rebeaover the phone on the day
following discharge.
Timing of Delirium Assessments

Postoperative delirium typically emerges 24 tdhd8rs following surgery and
may resolve within 48 hours (Sieber, 2009). Theeef8 delirium assessments were
completed: 1) at least 24 hours after arrival @ngbst-surgical unit on the first
postoperative day, 2) at least 48 hours after @ron the post-surgical unit on the second
postoperative day, and 3) at least 72 hours afteahon the post-surgical unit on the
third postoperative day. Physician progress notgse report to the researcher, and
nursing documentation were reviewed to further idigthe presence of delirium
symptoms at any time following arrival on the pestgical unit. The information from
the medical record supplemented the daily deliragsessments completed by the
researcher in order to capture fluctuating symptohaacteristic of delirium symptoms.
Pain Assessment and Treatment

Nurses were asked to record pain intensity ratawgsy four hours in the
computerized documentation system as part of tbatine charting for study
participants. Pain intensity ratings recorded bysutal therapists or occupational
therapists were used to supplement nursing docatent Nursing documentation and
medication administration records were accesséoMiolg discharge to collect

information regarding pain intensity ratings andoapintake. Mean pain scores and 24-
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hour opioid intake from O to 24 hours, 24 to 481spand 48 to 72 hours following
arrival on the post-surgical unit -- overall foetli2 hour study period -- were calculated
from data in the medical record retrospectivelppto data analysis.
Communication with the Healthcare Team

Notification of the health care team on the dawg phrticipant’s surgery occurred
according to a protocol developed collaborativeithwhe research site’s orthopedic
coordinators. According to the study notificatiaocol, upon arrival of a study
participant on the post-surgical unit following gery, the health unit clerk ensured the
patient’s chart was clearly identified as a studstipipant on both the written and in the
computerized chart to alert the health care tearadtition, the orthopedic coordinator
placed a placard with the lowa Pain Thermometeraandtation on the whiteboard in the
patient room of the patient’s participation in tileenny Pain Study”. The white board in
the patient rooms is used by the facility as a foocommunication of important
information between various members of the healtlk team regarding the patient’s plan
of care.
Staff Training

In preparation for the start of the research ingasibn, two one-hour educational
sessions were held, one for the orthopedic nursedgmtors and another separate
session for the preoperative nurses. In additiog;@an-one meetings with the health unit
clerks were arranged to describe the procedurateckto identification of patients as
study participants and their role in facilitatingnemunication of study participation of a

patient to the health care team.
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All educational sessions included training in thetection of human subjects as
well as an overview of the research project. Preaip® nurse education included
explanation of the process for study eligibilityesning. Each preoperative nurse
received a laminated copy of the eligibility algbm for identification of eligible patients
during the routine preoperative appointment. Initaoltl each preoperative nurse
received a typewritten script for use when inforgnatigible patients of the study
opportunity (See Appendix D). Lastly, the researehlained use of the lowa Pain
Thermometer so that the preoperative nurses caskelsa patients’ ability to use the pain
intensity rating scale. Unit nurses were also utdtd by the researcher regarding the use
of the lowa Pain Thermometer. A small booklet waeppred and placed at each nursing
station at the research site for staff to acceesnmation regarding the study and the
protocols involved (See Appendix E). In additiordedailed email was sent to all of the
unit nurses with a concise description of the stag the associated protocols. All staff
concerns and questions regarding the project waiteeased with additional explanations
through in-person one-on-one communications.

Throughout the data collection period, daily visusre made to the research site
while study participants were in the hospital tonptete delirium assessments and
passive surveillance. The research site’s thrdepédic nurse coordinators assisted with
monitoring of staff compliance with study proceduir®ngoing training to new
employees or those unfamiliar with study procedwas completed informally by the
researcher to new employees or those unfamilidr stitdy procedures throughout the

nine month data collection period.
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Testsand Measures

After informed consent was obtained, each partidipeas screened for dementia
using the Mini-Cog (Borson, Scanlan, Brush, Vitata& Dokmak, 2000), and for pre-
existing delirium using the Confusion Assessmenthdd (CAM) (Inouye et al., 1990).
Although none of the participants in this study &positive for delirium symptoms at
the time of the initial preoperative meeting irstetudy, had delirium symptoms been
detected at the time of enrollment, the participantild have been excluded from
participation. A demographic questionnaire was deteg at the time of the initial
meeting as well. Variables and instruments arerdestin detail in the following
sections. Table 2 summarizes the various instrusnemcluding variables and their
measurement -- and indicates a timeline for dalacmn.
Delirium Assessment

Postoperative delirium typically emerges 24 to 48rs following surgery and
may resolve within 48 hours, although it may perfgismonths in some older patients
(Sieber, 2009). Delirium assessment was compleigelly to screen for pre-existing
delirium to determine eligibility for participation the study and postoperatively on Day
1, 2, and 3 by the PI using the CAM (Inouye et E90). Both the full expression of
delirium and subsyndromal delirium were recorded.

The CAM, a diagnostic tool highly sensitive forideim, was designed for use by
non-physician clinicians (Inouye et al., 1990) (3@pendix F). Inouye et al. reported
high interobserver reliability for the presenceabsence of deliriumx(= .81 — 1.00) and

moderate concurrent validity with the Mini-Mentdb& Exam« = 0.64).
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Table 2

Study Variables and Instruments

Level of Timing of
Variables Indicator or Instrument Data Source Measurement Measurement
Delirium
Assessment
Delirium Confusion Assessment Patient interview, Interval At 24, 48, and 72 hours

Symptoms  Method (CAM),

patient chart, staff

shortened version interview
Pain Treatment
and Assessment
Total 24- Equianalgesic dose of Patient chart Continuous
hour opioid  parenteral morphine
intake (in sulfate for opioid
milligrams)  intake over a 24 hour
period
Pain intensity lowa Pain Thermometer Patient interview, Continuous
ratings (0-10 scale) (IPT) pain assessment
data from patient
chart
Preoperative Risk
Factors
Comorbidity Charlson Comorbidity Patient interview, Continuous
burden Index (CCI) patient chart
Cognitive Mini-Cog score (0 to 3) Patient interview  Contingo
impairment
Recent fall Number of falls in the  Patient and family Continuous
history past 6 months member interview

Fasting time  Preoperative fasting
duration in hours
Supplemental
instrument
Delirium Delirium Symptom
assessment Interview (DSI)

Patient report, Continuous
patient chart

Interview of N/AZ
patient and family
per phone;

after patient arrival in
post-surgical unit

Post-discharge

Every 4 hours for
postoperative days 1, 2,
and 3

Enrollment
Enroliment
Enrollment

Post-discharge

Supplemented CAM
post-discharge to
identify symptoms

Note *The Delirium Symptom Interview instrument was usedlentify CAM delirium symptoms.

Detection of full delirium requires positive findja of the first two core

symptoms (fluctuating course and inattention) an@AM and at least one of the other

two core symptoms (disorganized thinking and attéeeel of consciousness). The

present study used categorization of subsyndroeiaiuin cases, a positive finding for

one of the core symptoms of delirium on the CAMaiilhm was designated as
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subsyndromal delirium 1 (SSD-1), and those withitpasfindings for two of the core
symptoms of delirium on the CAM were designatedwdssyndromal delirium 2 (SSD-2).
The core symptoms of delirium included acute oasetfluctuating course, inattention,
disorganized thinking, and altered level of congsigess. In this study, if a patient was
assessed as having full delirium through delirigseasments performed as part of this
study’s protocols, a notification was left for thatient’s physician.

The CAM has been used in previous studies to dstdxtyndromal delirium as
well as full delirium (e.g., Cole et al., 2012; &€ et al., 2011). In this study, the CAM
was used to detect the presence of any of thectaagrdelirium symptoms to identify
either SSD-1, SSD-2, or full delirium. Each delinassessment was accompanied by the
Mini-Cog cognitive evaluation (See Appendix G) hesmathe performance of the CAM
might be compromised if used without cognitive ites{Fong et al., 2009). The delirium
symptoms identified using the CAM were not equinal® an expert clinical diagnosis
of delirium.

Pain Intensity

Pain intensity ratings were measured using the Baia Thermometer (IPT), a
continuous scale depicted on a diagram of a themrtemwvith six verbal descriptors
(Herr, Spratt, Garand, & Li, 2007). The developesorted reliability of the IPT scale
across three scales, the lowa Pain Scale, the PatesScale Revised (FPS-R), and the
Numeric Rating Scale (NRS). The intraclass conatadf the three scales across single
retrospective ratings of worst, least, and avege ranged from 0.922 to 0.959
(p<.001) and high concurrent validity£ .78 - .98). Rationale for selection of the scale

for the current study included that the IPT mayleferred by older adults (Li, Herr, &
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Chin, 2009) and is excellent for patients with dtiga deficits (Taylor et al., 2005). The
version of the IPT used in this study incorporaae®10 scale facilitating the collection
of pain data from documentation that had been edt@to the research site’s
computerized documentation system (See Appendix H).
Twenty-Four Hour Opioid Intake

Opioid intake totals were calculated for each 2drhperiod after surgery
following all CAM assessment. The name, amount, rante of medications
administered during the three study days were ebeafrom the patient chart and from
post-discharge phone interviews and were recorddtdedata collection form. All
opioid analgesics were converted to parenteral moepequivalents in milligrams using
an equianalgesic conversion calculator (Kane, 200dhversion of opioid doses to an
estimated comparable dose of intravenous morphilfi@gte was necessary to provide a
means for comparison of diverse opioid medicatems$ dosages given. These
standardized equivalent doses were then summewvap a total 24 hour dose for each
participant for each of the three 24-hour periaus far the three postoperative days (a
72-hour period).
Preoperative Risk Factors

Comorbidity burden. The Charlson Comorbidity Index (CClI) (Charlson,
Pompei, Ales, & MacKenzie, 1987) was used to ctagmtients by comorbidity burden
(See Appendix I). Charlson, Pompei, Ales and Ma@@(1987) developed the CCl to
estimate risk for mortality and the overall buragrcomorbid disease. The CCI includes
19 diseases weighted on the basis of the strerightieio association with mortality,

which is then combined with age to calculate aes¢bigher scores representing a higher
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burden of comorbidity). The CCl is the most exteali studied comorbidity index with
correlation coefficients with other comorbidity exes of over .40 as well as significant
correlations with mortality, disability, readmiss®) and length of stay (DeGroot,
Beckerman, Lankhorst, & Bouter, 2003). Increased €20res are associated with
increased delirium (Korc-Grodzicki et al., 2014).

Cognitive status. Dementia screening using the Mini-Cog (Borson £t24100)
was completed at the time of initial assessmepiasof baseline demographic
information to detect pre-existing cognitive impaént prior to assessment of pre-
existing delirium, as recommended by Lemiengrd.€2806). The Mini-Cog required
approximately 3-5 minutes for the researcher toiater. The Mini-Cog has been
tested extensively and has high sensitivity (0&89) very high reliabilityn(=.97,P
<0.001) regardless of educational level of thegmat{Doerflinger, 2007). Results from
the Mini-Cog indicated either the presence of daraer no dementia. The presence of
dementia significantly increases the risk of theali@oment of delirium (Inouye, 2002).
Cognitive status is a non-modifiable predisposisg factor for subsyndromal delirium
(Cole et al., 2012). Positive screens for demargiag the Mini-Cog were not equivalent
to an expert clinical diagnosis of dementia.

Recent fall history. A history of a fall in the past 6 months is an ipeisdent
predictor of postoperative delirium, even more tharabnormal Mini-Cog, a dementia
screening tool (Korc-Grodzicki et al., 2014). Rapants were asked if they had fallen in
the previous 6 months at the time of enrollmenteRéfall history was calculated as the

sum of the number of falls a participant had suasiiwithin the previous six months.
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Information from the medical record supplementddrimation from the patient
interview to determine if the participant had sirstd any recent falls.

Preoper ative fasting time. Duration of preoperative fasting time (for liquiois
solids in hours) was calculated from the last knowwre of oral intake to the start time of
surgery. If the time of the participant’s last arabke prior to surgery was not known, it
was calculated from midnight of the night precedsnggery. Long preoperative fasting
times may alter the fluid and electrolyte balantelder surgical patients increasing their
risk for postoperative delirium (Radtke et al., @p1
Demographics

Demographic variables to describe the patient samplude age at the time of
the surgical procedure, gender, marital statugjease, and living arrangement.
Demographic variables were also potential predisigossk factors for delirium. Age at
the time of the surgical procedure was the numbeompleted years of life and
subsequent months (expressed as a proportionedra gerived from the date of birth
and the date of the planned surgical proceduresfample, 65 years and 6 months, was
recorded as 65.5). Living arrangement at the tifrenmliment was recorded as follows:
lives alone, with spouse, with other relative, withn-relative, with live-in paid
caregiver, or in a long-term care facility. Alspgsific information regarding the
perioperative period was recorded (surgical prooegerformed, length of procedure,
type of anesthetic, intraoperative medications mjiwetravenous fluid volume given
during the procedure). Preoperative and postoper&boratory data relevant to delirium

risk were extracted from the patient’s medical rdand recorded (e.g., hemoglobin,
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hematocrit, creatinine, blood urea nitrogen, sodiand potassium), and discharge
disposition.
Data Collection Process for Cases of Early Discharge

The use of a supplemental instrument allowed theareher to gather
information needed in order to complete the CAMydiastic algorithm when participants
discharged home prior to the final delirium asses#mrhe Delirium Symptom
Interview (DSI) (Albert et al., 1992) is “an ext@ns operationalization of the DSM-III
criteria” for the diagnosis of delirium (Lindesdockwood, & Macdonald, 2002, p. 17).
The DSI was utilized to identify symptoms of delm on the CAM, but is neither
diagnostic nor a severity scale (Marcantonio, Réacklichaels, & Resnick, 2000). In
this study the DSI was utilized to identify delmusymptoms on the CAM algorithm
over the telephone when a participant was discligoger to completion of the 72-hour
study period. The tool is appropriate for assessmesr the phone and requires
approximately 15-20 minutes to complete. The D$¢seon patient answers to 60
guestions as well as 50 supplemental questiors fiooxy (caregiver, lay person, or
family member) regarding observations of the pati€he DSI has been used with the
CAM in previous works to identify symptoms on thAN algorithm (e.g., Flacker et al.,
1998).

Data Analysisand Management

Data analysis strategies are described for managteoh missing data, estimation
of outliers, and evaluation of assumptions for datalysis techniques and evaluation of
reliability of data. Data were analyzed using thatiStical Package for the Social

Sciences (SPSS), version 17.0. Frequency distoibsitatnd explorative techniques were
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used to evaluate data for accuracy, evaluate gigliition of missing data, estimation of
outliers, and adherence to assumptions of datgsiaaéchniques. The following section
will describe how strategies to reduce missing dadee implemented.
Missing Data

The amount of missing data for the individual vales varied. While many of the
variables did not have missing data, some varididelsa small amount of missing data
(CAM score, mean pain intensity rating, 24-houroogbintake). The group mean
substitution method was selected to allow for vazes among the different surgical
procedures represented within the dataset andrie aomservative than using prior
knowledge to replace missing values (Tabachnickdelf 2011). The replacement
method involved inserting a group mean for the mgssalue based on the surgical
procedure. For example, replacement of missingegalar a participant who underwent
total knee arthroplasty would be replaced withgheup mean of the variable for all of
the participants who underwent total knee arthistglarocedures in the study. Group
mean substitution for missing values was complpteat to data analyses. The amount
of missing data was less than 5% for delirium CAddesssments, 6.3% for pain intensity
scores, and 5.7% for 24-hour opioid intakes. Sonssing data resulted following the
withdrawal of two participants after the first pmgérative day. However, both patients
agreed to allow continued data collection withaddigonal interviews. Other reasons for
missing data included missing pain scores in threing documentation and loss to

follow-up after early discharge of one participant.
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Management of Outliers

Statistical and graphical methods were used tatifgesutliers. Independent
variables were examined utilizing boxplots to idigntalues outside two standard
deviations of the sample mean. Potential outliegsevexamined for each variable for
accuracy. No adjustment for outliers was made todalsing meaningful data.
Data Analysis Techniques

Hierarchical regression was selected to analyzedlationship between study
variables. Hierarchical regression is a method witiple regression in which the order
predictors are entered into the regression moaetletermined by the researcher based
on previous research (Field, 2009). According ®d~(2009), predictors from previous
research should be entered into the model firdterorder of importance, followed by
any new predictors. According to Inouye and Chatipes (1996) multifactorial model
for delirium, risk for delirium increases with eaatiditional risk factor present.
Therefore, in order to determine the relationskdeen delirium symptoms and the
independent variables of pain and opioid intakesas important to account for the
influence of other known risk factors for delirilgomorbidities, cognitive status, recent
fall history, and preoperative fasting time) inalanalyses through the use of hierarchical
regression.

Routine pre-analysis screening procedures weretosedaluate normality,
linearity, and homoscedasticity. Statistical anajpdpic methods were used to evaluate the
statistical assumptions for linear multiple regr@ssThe mean substitution method was

used to replace missing values as described bychalzk and Fidell (2007).
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In this study, delirium core symptoms (accordingnt® CAM algorithm) were
counted from “0” (when no symptoms of delirium weresent) to “3” (when 3 or 4 of
the four core symptoms of delirium were presenongistent with Inouye and
Charpentier’'s multifactorial model, delirium sympts were assumed to be additive and
accumulative in nature for data analysis. The nurobeore symptoms identified in each
CAM assessment (on a scale from 0 to 3) was redadd utilized for data analysis.
With each additional core symptom identified witle {CAM, an increase in the number
of delirium symptoms present, rather than an irsgea severity.

For the primary outcome of subsyndromal deliriune trequency of delirium
symptoms was calculated based on the maximum nuofilsgmptoms identified in
participants using the CAM algorithm in daily patienterviews. The incidence of SSD-
1, SSD-2, and full delirium was calculated for eatlthe three postoperative days and
overall for the 72 hour study period. The frequedsgributions of select preoperative
risk factors (increased comorbidity burden, cogeiimpairment, the presence of a
recent fall history, and a longer duration of pre@pive fasting time), pain, and opioid
intake were evaluated for normalcy and multicobingy prior to entering the variables
into the regressions.

Regression analyses were utilized to determinedia¢éionship between
subsyndromal delirium and postoperative pain wadeounting for the preoperative risk
factors (increased comorbidity burden, cognitivpamment, the presence of a recent fall
history, and a longer duration of preoperativeif@stime) for each of the three 24-hour

periods and for the full 72 hours following surge®gcondly, regression analyses were
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utilized to determine the relationship between gaotdsomal delirium and 24-hour opioid
intakes while controlling for preoperative risk facs, and pain.

Data collection forms were used by the researtthenter data into a
computerized database for analysis using SPS&tistisal management system. All data
files were stored on the researcher’'s home comjptervere password protected using
encryption technology. All files were thoroughlyspected a second time to ensure
accuracy. Frequency distributions and exploragehmiques were used to identify
inconsistencies and impossible values.

An assumption of linear multiple regression is tiwat outcome will be normally
distributed in the population, although not necelse the sample (Cohen et al., 2003).
For the current study, the population consistedidér adults age 65 and older who
undergo major elective orthopedic surgery elecyivEhe model of multiple regression
posed by Cohen et al. (2003) that assumes thakejpendent variable (subsyndromal
delirium) is randomly sampled for each of the pceatis was applied in this study. Each
of the three 24-hour periods following surgery wanalyzed through a separate
hierarchical regression analysis. Preoperativefastors were entered hierarchically
(comorbidity score, cognitive score, the numberegent falls, and preoperative fasting
time) with the delirium symptoms as the dependaniable. Statistical Package for the
Social Sciences (SPSS) software was utilized tititite data analysis.

The following aims were examined to determine glationship between
subsyndromal delirium and postoperative pain ireo&tults who underwent major
elective orthopedic surgery and, secondarily, termeine the relationship between

subsyndromal delirium and 24-hour opioid intakeligher adults who underwent major
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elective orthopedic surgery. Data analysis wasudised separately for each of the study
specific aims in the following section.

Aim 1. The first aim was to determine the frequencgafrium symptoms and
the frequency distribution of preoperative risktfas, pain intensity ratings and 24 hour
opioid intakes of patients age 65 years and ololéaviiing major elective orthopedic
surgery. Frequencies were addressed through emaduatdescriptive statistics,
including means, medians, and variances for delisymptoms. Frequency distributions
of preoperative risk factors, pain intensity raingnd 24 hour opioid intake were
evaluated for normality through graphical and stetal methods. Significance levels
were set at .0(= .05, 2-tailed).

Aim 2. The second aim was to determine the relationsHipdsn delirium
symptoms and the preoperative risk factors in cédiets following major elective
orthopedic surgery. In order to determine the i@tship between subsyndromal
delirium and the preoperative risk factors, cotiefsal and hierarchical linear regression
analyses of preoperative risk factors of participgoomorbidity burden score, cognitive
score, number of recent falls, and duration of pegative fasting time) and delirium
symptoms were used to assess the direction ardetiree of relationships between the
preoperative risk factors and delirium symptoms.

The Charlson Comorbidity Index was used to obtasoraorbidity score and
ranges from 0 to 31. To obtain cognitive scorepfaticipants, the Mini-Cog’s three-
item memory test score completed at the time aflénent was recorded for each
participant. The three item memory component of\ivg-Cog is scored from 0 to 3

with “0” representing demented, and a ‘3’ represgnhon-demented, a normal finding.
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In addition, the other component of the Mini-Cdtg Clock Drawing Task, was recorded
for each participant. A score of 0, 1, or 2 withadomormal Clock Drawing Task indicates
the probable finding of dementia. Of the two comgartests of the Mini-Cog, the most
powerful element is the three-item recall (Borseiral., 2000). Recent fall history was
recorded as the number of falls reported by paditis in the past six months.

Aim 3. The third aim was to determine the relationsl@mween delirium
symptoms and pain intensity ratings controllinggoeoperative risk factors in older
adults following major elective orthopedic surgerg. evaluate whether subsyndromal
delirium was associated with postoperative paineviccounting for variance associated
with preoperative risk factors. Delirium symptordsntified from completion of the
CAM at 24 hours following surgery were entered itite regression model as the
dependent variable. Preoperative risk factors (e¢bidiy burden, cognitive status,
history of a recent fall, and preoperative fastinge) were entered hierarchically into the
multiple (linear) regression equation. Next, meaim pntensity ratings for the first 24-
hour period following participant arrival on thegtesurgical unit (O to 24 hours) were
entered into the regression model. Regression seslipr the relationship of pain on
delirium symptoms were repeated for the secondd28 hours), the third (48 to 72
hours) 24-hour periods, and overall for the entRenour study period.

Aim 4. The fourth aim was to determine the relationshigveen delirium
symptoms and 24 hour opioid intakes controllingdelected preoperative risk factors
and pain intensity ratings in older adults follogiimajor elective orthopedic surgery. To
evaluate whether subsyndromal delirium was assatiatth 24-hour opioid intake while

accounting for variance associated with preopegaisk factors and postoperative pain,
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the delirium score from the CAM assessment at 24dwvas entered into the regression
model as the dependent variable. To control foirtieence of preoperative risk factors
(comorbidity burden, cognitive status, history ataent fall, and preoperative fasting
time) on delirium symptoms at 24 hours, they werered hierarchically into the
regression analysis. Next, mean pain intensitygdior O to 24 hours (starting at the time
of the participant’s arrival in the post-surgicait)was entered into the regression
model. Lastly, 24-hour opioid intake for O to 24im®was entered into the regression
model. Regression analyses were repeated forrtteegeriods of 24 to 48 hours and from
48 to 72 hours following surgery. An additional & was also calculated for the entire
72 hour study period.

The purpose of this prospective study was to detex the relationship between
subsyndromal delirium and pain in older adultsdwaihg major elective orthopedic
surgery. The correlational design allowed for tkameination of the relationship between

delirium symptoms and pain in older adults follog/imajor elective orthopedic surgery.
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CHAPTER IV
RESULTS

The purpose of this study was to determine thegticgiship between
subsyndromal delirium and pain in older adultsdwaihg major elective orthopedic
surgery. The specific aims examined in this studyewa) to determine the frequency of
delirium symptoms and the frequency distributiorpdoperative risk factors, pain
intensity ratings and 24 hour opioid intakes ofgras age 65 years and older following
major elective orthopedic surgery; b) to deternihreerelationship between delirium
symptoms and the preoperative risk factors in adderts following major elective
orthopedic surgery; c) to determine the relatiopsldtween delirium symptoms and pain
intensity ratings controlling for preoperative risictors in older adults following major
elective orthopedic surgery; and, d) to determingerelationship between delirium
symptoms and 24 hour opioid intakes controllingdelected preoperative risk factors
and pain intensity ratings in older adults follogrimajor elective orthopedic surgery.
This chapter presents study results.

Sample Demographics and Characteristics

A total of 62 older adults were identified as lgeetigible for the current study
according to the eligibility criteria. Detailed orination regarding recruitment and
enrollment is provided in Chapter 3. Nine particifsadeclined participation in the study

when presented with the opportunity by the predperaurse (14.1%n = 9).
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Sample Demographics

A sample of 53 older adults age®5 years who were scheduled for major
elective orthopedic surgery agreed to participathis study. The mean age for the study
sample was 73.7 yeal§l£73.7,SD = 6.2) with a range of ages of 65 to 90 yearseOld
adults who declined participation included 9 mdleks3%,n = 9) and 2 females (3.2%,
= 2). Two participants (3.2) withdrew from the sgudllowing the first postoperative
day, but agreed to allow continued data collectithout additional interviews.
Sample Characteristics

Following admission to the research study hospotzdted in northwestern part of
the United States for major elective orthopedigety from August 2013 through May
2014, 53 older adults meeting study criteria wen®ked in this study. Table 3 lists
sample demographic characteristics. Gender comosif the sample had a higher
percentage of female participants (56.6%%, 30) than male (43.4%,= 23). However,
according to United States Census Bureau (201€@Yes$earch site’s geographical region
had a higher percentage of males (42.8%) than &{&l7.2%). Most of the participants
were married (64.2% = 34) with less than one-fifth of participantstire study living

alone (18.9%n = 10).
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Table 3

Demographic Characteristics of Older Adults Schedubr Major Elective

Orthopedic Surgefy

Characteristic n %
Gender
female 30 56.6
male 23 43.4
Housing
Private rental 2 3.9
Home owner 46 90.2
Long-term care facility 2 3.9
Living arrangement
Lives alone 10 18.9
With spouse 34 64.1
With other relative 7 13.2
With nonrelative 2 3.8
Marital status
Single 4 7.5
Married 34 64.2
Widowed 9 17.0
Divorced 5 9.4
Lives with partner 1 2.0

Note Data were collected at the time of enrollmenbpto surgery®N = 53.

Older adults often presented for elective surgeatl mre-existing co-existing

conditions. As part of the preoperative interview énrollment, information was

collected regarding diagnosed chronic conditionalbparticipants. Although strict

medical clearance is often required for major @leabrthopedic surgery, participants

represented a wide variety of comorbidities regbmeTable 4. The most common



conditions reported by participants were hyperam$64.2%n = 34), hypothyroidism

(26.4%,n = 14), diabetes (22.6%,= 12), and obstructive sleep apnea (20.%,11).

Table 4

Comorbid Conditions in Older Adults Scheduled fajda Elective Orthopedic
Surgery

Coexisting Conditions n %

Anemia 2 3.8
Atrial fibrillation/heart palpitations 4 7.5
Cerebrovascular disease 2 3.8
Congestive heart disease 1 2.0
Chronic obstructive pulmonary disease 6 11.3
Coronary artery disease 3 3.8
Cardiovascular disease (not HTN or CAD) 7 13.2
Dementia 9 17.0
Depression 4 7.5
Diabetes 12 22.6
Hypertension 34 64.2
Hypothyroidism 14 26.4
Obstructive sleep apnea 11 20.4

All of the participants in this study underwentaiathajor elective orthopedic
surgery. Total unilateral total knee arthroplasgswhe most common procedure
performed for participants (34.7%= 36). Procedures performed on sample participants

are reported in Table 5.
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Table 5

Orthopedic Procedure Performed and Indication fardggry in Older Adults

Sample characteristic n %

Scheduled surgical procedures

Total knee replacement 35 66.0
Total hip replacement 11 20.8
Bilateral knee replacement 3 5.7
Total shoulder replacement 3 5.7
Total knee revision 1 1.9

Primary diagnosis

Osteoarthritis 52 98.1
Rheumatoid arthritis 1 1.9
Note ®N = 53.

The presence of a sensory deficit was identifiethieyresearcher during the
initial interview at the time of enroliment or upogview of the medical record following
discharge. Sensory loss was recorded based orepelft or documentation in the
medical record. Hearing loss was reported by 34¢adicipantsit = 18). Smoking
history and the frequency of alcohol use was rembithsed on self-report or information
in the medical record. In this study, three of plagticipants reported that they were
current smokers (5.7%,= 3), One-fourth (24.5%) = 13) of participants reported daily
use of alcohol. Only 5 of the older adult particifsareported taking no home meds
(9.4%,n = 5). Although 30% participants had 1-4 prescribestlications at home prior
to surgery, 60.4% of participants £ 32) reported taking five or more medications
currently prescribed by their physician. Medicatiavere considered current if they were

taking them regularly within the two weeks priorstargery (See Table 6).

63



Table 6

Health Related Information for Older Adults Schediufor Major Elective Orthopedic
Surgery

Participant Characterisfic n %
Sensory impairment 30 56.6
Speech 2 3.8
Hearing 18 34.0
Vision 4 7.5

Health-related information
Current smoker 3 5.7
Alcohol use
Never 12 22.6
Rare 9 17.0
Occasional 18 34.0
Daily 14 26.4
Number of prescribed home meds
No home meds 5 9.4
1 -4 home meds 17 30.2
5 or more home meds 32 60.4
Note.*N = 53.
Specific Aims

To address the specific aims investigated inghigy, the following descriptive
and inferential statistical analyses were complg®ssults from this study for each of the
specific aims for this study are described in thiiving section.

SpecificAim 1

Aim 1: To determine the frequencydefirium symptoms and the frequency distribution
of preoperative risk factors, pain intensity ratingnd 24 hour opioid intakes of patients
age 65 years and older following major electivehogedic surgery.

The frequencies and percentages of delirium symgtmong older adults were
calculated for each of the three 24 hour periodfanthe full 72 hour study period.

Delirium scores for participants were scored byrthmber of the core delirium
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symptoms that were detected using the Confusioegsssent Method (CAM) algorithm.
Results of daily delirium assessments are repantd@ble 7.
Table 7

Delirium Scores for Older Adults at 24, 48, andH@urs following Major Elective
Orthopedic Surgefy

Timing of Postoperative Delirium Assessment

At 24 Hours At 48 Hours At 72 Hours

Delirium Scoré n % n % n %

No Delirium (score=0) 40 75.5 21 39.6 15 28.3

One delirium symptom 13 24.5 19 35.8 21 39.6
(score=1)

Two delirium 0 0 10 18.9 7 13.2
symptoms (score=2)

Full delirium (score=3) 0 0 3 5.7 10 18.9

Note “Delirium symptoms were identified using the ConfusAssessment Method (CAM). CAM scores
were recorded as follows: “0” if no delirium sympie were present, “1” for one symptom, “2” for two o
three symptoms, not meeting criteria for deliridBf; for 3 or 4 symptoms that meet criteria for full
delirium.

°N =53

Subsyndromal delirium with one symptom of delirig85D-1) was present in
24.5% @ = 13) at the T delirium assessment at 24 hours. Three-fourttiseof
participants (75.5%) = 40) did not have delirium symptoms at 24 hoursné&lof the
participants had subsyndromal delirium with 2 @ygptoms (SSD-2) or full delirium at
24 hours after surgery. The presence of deliriumEpms was more common at 48
hours following surgery than at 24 hours. At 48 iscafter surgery, SSD-1 was detected
in 19 participants (35.8%,= 19) and SSD-2 was detected in 11 participant9A3
Full delirium developed in 3 participants (5.786 3) at 48 hours, while 21 participants
(39.6%,n = 21) did not have any delirium symptoms. At 72 fisdollowing surgery,
delirium symptoms continued to be common in oldkr& with only 15 participants

(28.3%,n = 15) without at least one delirium symptom. SS@ék identified in 21
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patients (39.6%mn = 21) at 72 hours; whereas, SSD-2 was found taésept in 13.2%
(n=7).

Overall incidence of delirium symptoms. Subsyndromal delirium developed in
67.9% of participants on postoperative days 1y 3, @ = 36). Of those participants who
developed subsyndromal delirium, 66.7% developdg bsymptom (SSD-1)n(= 24),
whereas 33.3%n(= 12) developed subsyndromal delirium with 2 symp@qSSD-2).

Full syndromal delirium occurred in 17.0% % 9). Of the 53 participants, eight did not
develop any delirium symptoms on any of the 3 postative days (15.19%,= 8).
Participants were not evaluated beyond postoper&tay 3. Therefore, follow-up
information regarding participant recovery beyomndtpperative Day 3 is not available.

The most common core symptom of delirium identifisthg the CAM algorithm
(shortened version) was inattention<41), followed by disorganized thinking € 26).
An acute change in mental status with a fluctuatimgrse as a symptom of delirium was
less commonn= 20) as was a change in a participant’s levebokciousnessi(= 18).

Frequency distribution of preoperativerisk factors. The frequency distribution
of each preoperative risk factor is described enfthlowing section. The means, standard
deviations, and variances of selected preoperasitdactors for subsyndromal delirium
(comorbidities, cognitive status, recent fall higtand preoperative fasting time) were
recorded for each participant.

Comorbidity burden (CCI score). Using the Charlson Comorbidity Index (CCI),
an age-adjusted score of comorbidity burden usegtimate mortality risk was
calculated using the age and pre-existing diseaseh for each participant then

examined using descriptive statistics. The meahefCCl scores was 3.3D=1.2)
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with a variance of 1.5. The age of older adultthencurrent study ranged from 65 to 90
years, with a mean of 73.7 yeaB(= 6.24).

Cognitive status. Cognitive status was measured using the Mini-Cogedgia
screening tool that was scored from O to 3, withdoscores indicating increased
cognitive impairment. The mean cognitive scoreganticipants in this study was 2.06
(M =2.1,SD= 1.0) with a variance of 1.0, reflecting good meyn@call overall. The
Mini-Cog screen was positive for dementia in 179%tofdy participantsn(= 9). Only
two participants had a formal medical diagnosiderhentia in their medical record (see
Table 8).

Table 8

Frequency of Dementia in Older Adults Scheduledviajor Elective Orthopedic
Surgery

n %
No dementia (negative screen) 44 83
Dementia (positive screen) 9 17
Total 53 100

Note ®N = 53.

Recent fall history. At the time of enroliment, participants were askdtbther
they had experienced a recent fall within the presisix months, and if so, how many
falls they experience during this time. Patien¢imiew were supplemented by
information from the medical record for informaticelated to fall history. The study
sample included two participants (4f6+ 2) with a history of falls within the past 6
months. The mean number of recent falls reporteplanicipants for the six months prior

to surgery was 0.250 = 0.3) with a variance of 0.1.
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Preoperative fasting times. The duration of preoperative fasting times was
calculated from the last known time of oral intakdaether it was solid food or liquids.
As depicted in Figure 4, the duration ranged frottb 17.0 hours of fasting with an
average of 9.5 hour$/A= 9.5,SD =2.20) with a variance of 4.2. The most frequent
preoperative fasting time was 7.5 hours. Patieagented being frequently asked to fast
after midnight the night prior to surgery, whiclesed to increase fasting times for those
patients who had surgery start times later in e d

Duration of Preoperative Fasting Time in Older Adults

207 Mean = 9.45
Std. Dev. = 2.045
N=53

Frequency among Participants

6.00 800 1000 1200 1400 1600 1800
Duration of Preoperative Fasting Time, (in Hours)

Figure 4 Bar graph showing the frequency distribution k#fgperative fasting time duration for
older adults. Fasting times were calculated st@g/ftiom the time of the participant’s last known
oral intake and ending at the surgery start timenGurs).

Pain intensity. Pain intensity ratings were examined using deseddtatistics
and graphic representations of participant daeveaduate overall distribution
characteristics. Mean pain intensity ratings weiewated for each of the three

consecutive 24 Hour time periods following surgenyd ranged from 0.9 to 6.4 out of 10
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with an overall mean pain score was 3.9 out ofSID 1.2) for the 72 Hour study

period (See Figure 6). Self-reported pain was higheaverage between 48 and 72 hours
after surgeryNl = 4.3,SD=1.9) and lowest between 24 and 48 hots=(3.6,SD=1.9).
Descriptive statistics are reported in Table 9.

Mean Pain Scores Reported by Older Adults
Following Orthopedic Surgery

4.31
4 3.77

3.59

W 0 to 24 Hours

w

W 24 to 48 Hours

N

48 to 72 Hours

[ERN

Mean Pain Score (0 to 10 Scale)

Postoperative Period

Figure 5 Bar graph showing mean pain scores for oldertadioit three consecutive 24
hour periods after surgery. Pain scores used $nstindy started at the time the participant
arrived in the post-surgical unit.

Table 9

Descriptive Statistics for Pain Reported by Oldeults Following Major Elective
Orthopedic Surgery

Time Period M (SD) Variance

Mean pain ratind's

0 to 24 hours 3.8(2.0) 5.8
24 to 48 hours 3.6 (1.9) 6.5
48 to 72 hours 4.3 (1.9) 6.7

Overall mean pain 3.9(1.2) 2.7
rating
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Note.?N = 53.

Twenty-four hour opioid intakes. Overall, 24-hour opioid intakes of study
participants averaged a morphine sulfate (parehtegaivalent opioid dose of 24.8 mg

(See Figure 7). Descriptive statistics were usesktomine total opioid intakes for each of
the three 24-hour time periods following surgeryvadl as for the mean 24-hour opioid

intake for the 72-hour study period (See Table 10).

Mean 24 Hour Opioid Intake for Older Adults
Following Orthopedic Surgery

W O to 24 Hours
W 24 to 48 Hours
W48 to 72 Hours

Postoperative Period

N W
v O

N
o

[y
(S N -]

Mean 24-Hr Opioid Intake (in mg)
=
(921

o

Figure & Total 24-hour opioid intake for participants fréno 24 hours, 24 to 48 hours, and 48
to 72 hoursl = 53). All opioid analgesic doses were convertethtophine sulfate (parenteral)
equianalgesic doses to facilitate comparison betvpagticipants who were prescribed different
opioid analgesic medications.
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Table 10

Opioid Intake of Older Adults Following Major Eleat Orthopedic Surgery

Opioid Intaké M (SD) Variance

0-—24 hr. 25.9 (15.3) 233.6
24 — 48 hr. 26.1 (15.9) 254.0
48 — 72 hr. 22.3 (13.5) 181.4
Mean 24-hour opioid intake from 0 — 24.8 (12.3) 150.5

72 hr.
Note. Twenty-four hour opioid intakes are repoitetV morphine sulfate-equivalent doses in
mg.
N = 53.

The average opioid intake was greatest in the28tperiod following surgery
(M =26.1 mg). Participants had the lowest amounipajid intake between 48 and 72
hours following surgeryM = 22.3 mgSD= 12.3). On average, participant 24-hour
opioid intake was 24.8 mg in estimated equianatgesirphine sulfate (parenteral)
equivalents for the full 72 hour postoperative tipegiod.
Specific Aim 2
Aim 2: To determine the relationship between datirisymptoms and the preoperative
risk factors in older adults following major eleati orthopedic surgery

The preoperative risk factors for delirium sympsounsed in this correlational
study were comorbidities, cognitive status, redaththistory, and preoperative fasting
time. Correlations were examined prior to analyssasg hierarchical linear regression in
order to determine the relationship between deliraymptoms and preoperative risk

factors.
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Relationship between delirium symptoms and preoper ative risk factors.
Correlations were examined to identify significeglationships between theoretical
preoperative risk factors with delirium symptomséSable 11). The relationship
between delirium symptoms and each of the preaperask factors will be discussed
individually in the following section.

Table 11

Correlations of Preoperative Risk Factors and Delin Symptoms in Older Adults

Delirium Score

At 24 Hours At 48 Hours At 72 Hours
(N =53) (N=53) (N=53)
Risk Factor Pearson p Pearson p Pearson p
CCl score .04 .76 .18 .20 .01 .90
Cognitive score =21 13 -.10 48 -.08 .55
Fall history -11 45 37 .007 .26 .06
Preoperative fasting time .10 .50 .07 .63 .30* .03

Note *The number of participant falls that had occurrethie six months prior to enroliment.
*p<.05 level, *p< .01 level

Comorbidity burden. The Charlson Comorbidity Index score was not rellébe
delirium symptoms in older adult participants=(.12) between CCI score after surgery.
The CCI score averaged 3.6 in participants who ldgeel delirium symptoms\ = 3.6,
SD=1.3,n = 44). Participants with no delirium scored slligtitigher than those
participants with deliriumM = 3.77,SD =1.2,n = 22).

Cognitive status. Increased delirium symptoms were not significaaggociated
with preoperative cognitive impairment for the 7@dy periody =-.13,N=53,p = .34.
Although not significant, cognitive status was rtegdy related to delirium symptoms at

24 hours following surgery,=-.21,N = 53,p = .14. Although the negative relationship
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persisted, the correlations between cognitive stahd delirium symptoms found no
significant relationship.

Recent fall history. The number of falls prior to hospital admissiontfin the
past six months) was significantly related withii@éin symptoms at 48 hours €.37,N
=53,p=.007) and overall for the 72 hour study period (33,N = 53,p =.02). When
guestioned at the time of enrollment regardingmetals, two participants reported
falling within the past six months.

Preoperative fasting time. An increased duration of preoperative fasting timaes
associated with significantly increased deliriutmgyoms at 72 hours € .30,N =53,p

=.03) and was a nonsignificant correlate for tBd@ur study period = .24,N =53,p

.09). In order to examine the preoperative reaitdr of fasting time more closely,
fasting times were grouped into 2-3 hour blocks.ewpreoperative fasting times for
participants were considered in 3 hour blocks witlteasing durations, the trend toward
increased delirium symptoms with higher fastingetiwas seen at 48 and 72 hours. A
comparison of the number of delirium symptoms fartigipants who had short, average,

long, and extended preoperative fasting timesasgmted in Table 12.
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Table 12

Delirium Symptoms and Durations of Fasting Tim®Ilder Adults

Delirium Symptom8

At 24 Hours At 48 Hours At 72 Hours
Fasting Duratioh % (n) % (n) % (n) % (n)
4.010 6.9 1.9, (1) 100.0 (1) 100.0 (1)
7.0t08.9 35.8, (19) 10.5 (2) 52.6 (10) 68.4 (13)
9.0 t0 10.9 39.6, (21) 38(8) 52.4 (11) 38.1 (8)
11 or more 22.6, (12) 25.0 (3) 75.0 (9) 91.7 (11)

Note *The duration of preoperative fasting time was dalk&ad from the participant’s last known oral
intake until the surgery start time, in houis.= 53.

Relationship between delirium symptoms and other select risk factors. In
addition to the preoperative risk factors (comoitlgidurden, cognitive status, fall
history, and fasting time), mean pain scores, akrtidur opioid intake of participants,
other pain related data were recorded as partmfsgective medical record data
extraction. The variables of maximal pain, preopeegpain, functional status, and age
were examined for their relationship to deliriunmgtoms. Statistical intercorrelations of
study variables were calculated and are present@dhle 13. Preoperative pain reported
on the day of surgery and maximal pain reporte@dicipants for each 24 hour period
was recorded and examined for association withidedisymptoms. In addition,
participant factors recorded at the time of studipkment included functional status,

and age (in years).
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Table 13

Intercorrelations of Postoperative Delirium SympsyiRain, Opioid Intake, and Other Delirium Risk Fas in Older Adult

Variable 2 3 4 5 6 7 8 9 10 11
1. Mean overall delirium score 1

2. Mean pain score (0-72 hr.) .05 1

3. Mean 24-hr opioid intake (0-72 hr.), in mg .13 29*% 1

4, Charlson Comorbidity Index score 12 -.21 .09 1

5. Mini-Cog cognitive score -.13 -.01 -.22 .28* 1

6. Recent fall history (last 6 months) .33* -.01 1*6 A6 -.26 1

7. Preoperative fast duration .24 A3 .06 .01 -.09 .24 1

8. Mean delirium score 0-24 hr. .35** -.16 -.09 .04  -21 -11 .10 1

9. Mean delirium score 24-48 hr. 78** .10 .10 .18  -.10 37 .07 .06 1

10. Mean delirium score 48-72 hr. .84** .07 .15 .01 -.08 .26 .30* .06 A1 1

11. Mean pain 1, (0-24 hr.) -.01 .68** .02 -.04 .09 .02 .03 .10 17 -.05 1
12. Mean pain 2, (24-48 hr.) .18 .69** A16-11 -.06 -.17 -12 .05 -.08 .22 14 .33*
13. Mean pain 3, (48-72 hr.) -.08 A46** .36** -.28* .04 .08 .16 .05 -21 .05 -11
14. Opioid intake 1, (0-24 hr.), in mg .10 .24 *81 .13 -.16 .56** .09 -.18 .19 .08 .15
15. Opioid intake 2, (24-48 hr.), in mg .24 .25 6*8 17 -.26 .60** 12 -.02 .24 A7 .02
16. Opioid intake 3, (48-72 hr.), in mg -.04 21 79 -11 A1 31* -.08 -.01 -.24 17 -.14
17. Maximal pain 1, (0-24 hr.) .03 59** -.07 -05 .01 .05 .06 -.18 .28* -.10 .88**
18. Maximal pain 2, (24-48 hr.) .24 .69** .19 -11 -0 -.01 .05 -.21 .33* .20 .34*
19. Maximal pain 3, (48-72 hr.) -.10 .31* .19 -20 .13 .01 A2 .09 -.24 .01 -.17
20. Preoperative pain (day of surgery) .04 .38* .26 .01 -.14 .21 -.05 -.14 .26 -11 A49**
21. Barthel Index for ADLs score -.04 .01 .09 .18 10. .04 .16 .15 .09 -.02 -.24
22. Age, in years .09 -11 -.13 .65** -.32 A1 -.02 .19 .02 .04 -.03

Note Intercorrelations reported are for continuousaldes represented by Pearsantoefficient.

N =53; ADL’s=Activities of Daily Living.
*p<.05, *p<.01



Table 13 (Cont.)

Intercorrelations of Delirium Symptoms, Preoperatiactors, Pain, Opioid Intake, and Pain-Relatedtéas’

Variable 12 13 14 15 16 17 18 19 20

Mean overall delirium score

Mean pain score (0-72 hrs.)

Mean 24-hr opioid intake (0-72 hrs.), in mg
Charlson Comorbidity Index score
MiniCog cognitive score

Recent fall history (last 6 months)
Preoperative fast duration

Mean delirium score 0-24 hrs.
Mean delirium score 24-48 hrs.
10. Mean delirium score 48-72 hrs.
11. Mean pain 1, (0-24 hrs.)

CoNok~wNE

12. Mean pain 2, (24-48 hrs.) 1

13. Mean pain 3, (48-72 hrs.) -.03 1

14. Opioid intake 1, (0-24 hrs.), in mg .10 .20 1

15. Opioid intake 2, (24-48 hrs.), in mg .26 19 55 1

16. Opioid intake 3, (48-72 hrs.), in mg .01 B53%* A4xx -.25 1

17. Maximal pain 1, (0-24 hrs.) .29* =12 .10 -.04 -25 1

18. Maximal pain 2, (24-48 hrs.) .88** .07 .18 .23 .05 .32* 1

19. Maximal pain 3, (48-72 hrs.) -.09 .84 .06 *®7 -11 .01 .01 1

20. Preoperative pain (day of surgery) .24 -.02 14 29* .22 41 .28 -.22 1
21. Barthel Index for ADL's score .01 12 14 22 .01 -.23 -.05 13 -.15
22.  Age, in years .06 -.23 -.05 -.08 -.22 -.04 -.06 -.19 .03

Note Intercorrelations reported are for continuousaldes represented by Pearsantoefficient.
N =53; ADL’s=Activities of Daily Living.
*p<.05, *p<.01



Age and functional status have been reported asrianft factors in the
development of delirium. Age was not related tdatayn in delirium symptoms
(reported in Table 13). Similarly, it was notedtthanctional status was not significantly
related to either delirium symptoms or subsyndrodedikium.

One pain-related variable included in Table 13 aximal pain, or the maximum
pain reported, for each of the 24-Hour periodsofeihg surgery. Maximal pain was
related to increased delirium symptoms in this wtidiaximal pain reported by
participants between 0 and 24 hours after surgas/significantly related to increased
delirium symptoms at 48 hounsz= .28,N = 53p = .05.. In addition, the maximal pain
score reported by participants between 24 and d8hmostoperatively was also
significantly related to increased delirium sympgoat 48 hours, = .33,N = 53,p = .02.

Preoperative pain reported by participants in skusly on the day of surgery was
associated with increased delirium symptoms asaigoificant correlate at 48 hours,
=.26,n = 48,p = .07. Patrticipants with higher levels of preopieeapain were
significantly associated with increased pain betw@and 24 hours following surgery,
=.49,n = 48,p <.001, and with increased pain for the entird@@r study period, =
.38,n = 48,p = .008.Multiple linear regression was used to ifetbte preoperative risk
factors significantly accounted for a variance @trdum symptoms between 0 and 72
hours. Results of regressions indicated that thedovariates (comorbidities, cognitive
status, recent fall history, and preoperative fgstime) entered hierarchically did not
account for a significant variance in delirium syomps,R?= .14,F(4, 48) = 1.93p =
.12. The Charlson Comorbidity Score and Mini-Cogrative status had very weak

negative partial correlations with delirium sympsrilowever, participants with a
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history of recent falls and longer durations ofqperative fasting had more delirium
symptoms (See Table 14). The preoperative riskofagCCl score, cognitive score,
number of recent falls, and preoperative fastinge)idid not significantly account for
variance among participants in delirium symptoRfss .14,F(4, 48) = 2.00p = .11
Table 14

Multiple Linear Regression of Delirium Symptdmasd Preoperative Risk Factors

Partial Change in  Cumulative Beta
Predictor Variablés Correlation R R Coefficients
Recent fall .26 A1 A1 .29
Preoperative fasting time A7 .03 14 A7
Cognitive score -.05 .00 14 -.05
Comorbidity score -.03 .00 14 -.04
R =.14,F(4,48) =1.93p= .12 Adjusted?® =.07

Note."Mean delirium scores calculated from assessmempleted at 24, 48, and 72 hours
following surgery’N = 53.
*p<.05#xp < .01
Specific Aim 3
Aim 3. To determine the relationship between detirsymptoms and pain intensity
ratings controlling for preoperative risk factons older adults following major elective
orthopedic surgery.

To evaluate pain intensity, the overall mean paorefor each 24-hour period
following surgery was calculated separately andyaed. In addition, the overall mean
pain intensity was calculatedly and examined f@radationship to the mean number of

delirium symptoms from CAM algorithm for all threensecutive 24 hour periods after

surgery.
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Correlations were calculated to determine the imrahip between delirium
symptoms and postoperative pain in older adultshferthree 24-hour study periods (See
Table 15). Findings showed that between 0 and 24shmean pain scores had a
nonsignificant negative correlation with increasetirium symptoms at 24 houns= -
.26,N = 53,p = .06). However, pain ratings of participants dgrihe second 24 hours
following surgery had a nonsignificant positive redation with delirium symptoms at 48
hours ¢ =.22,N = 53,p = .11). However, pain from the third 24 hoursdaling surgery
was not significantly associated with an increasa decrease in delirium at 72 hours (
= .05,N=53,p=.73).

When subsyndromal delirium was considered sepgrateh delirium, mean
pain between 0 and 24 hours following surgery vigisificantly related to subsyndromal
delirium on the second postoperative day (33,n = 44,p = .02), whereas mean pain
between 48 and 72 hours following surgery was @lated to subsyndromal delirium on
the third postoperative day=-.15,n = 44,p = .34.

Table 15

Relationship between Delirium Symptoms and Mean Baores

Correlated Variablés Pearson p
CAM score on POD 1

Mean pain from 0 - 24 hr -.26 .06
CAM score on POD 2

Mean pain from 0 to 24 hr .16 .24

Mean pain from 24 — 48 hr 22 A1
CAM score on POD 3

Mean pain from 24 — 48 hr 14 .33

Mean pain from 48 — 72 hr .05 .73

Note.CAM = Confusion Assessment Methd@OD = Postoperative Day’N = 53
*p <.05 **p < .01
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Relationship of pain and delirium symptoms. Following Pearson’s correlation
for each of the study variables, relationships agndelirium symptoms and pain were
examined through hierarchical multiple linear ragren analyses to evaluate how well
pain predicted a change in delirium symptoms fahes the 24 hour postoperative
periods. The predictors were the four preoperatskefactors (comorbidity burden,
cognitive status, recent fall history, and preopeedasting time) and pain, while the
outcome variable was the number of core delirium@pms on the CAM algorithm.

Delirium symptoms and pain at 24 hours after surgery. To determine the
relationship between delirium symptoms at 24 homesan postoperative pain scores
between 0 to 24 hours were entered hierarchicaltythe regression model in the
following order: (1) preoperative risk factors (corbidity score, cognitive score, number
of recent falls, and preoperative fasting), andn2an pain. Regression results indicated
that pain between 0 and 24 hours following surgeag not significantly>.05) related
to delirium symptoms or subsyndromal delirium ath®dirs following surgery (See Table
16).

Table 16

Hierarchical Regression of Delirium Symptoms atH&urs and Pain in Older Adults

Partial R Cumulative Standardized
Independent Variablés Correlation Change R B
Cognitive score =21 .04 .04 =21
Recent fall history -.20 .04 .08 -.23
Preoperative fasting time 14 .01 A1 14
CCl score .07 .01 A2 .08
Mean pain for 0 -24 hr. -.24 .03 .15 -.23
R = .15,F(5, 47) = 1.59p =.18 Adjusted?’ =.05

Note.’N = 53
*p<.05#xp < .01
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Delirium symptoms and pain 48 hours after surgery. Regression results
indicated that pain between 24 and 48 hours folgvaurgery was significantly related
to increased delirium symptoms at 48 hours follgnsargery after accounting for the
preoperative risk factors of comorbidity, cognitstatus, recent fall history, and
preoperative fasting timé&(5, 47) = .2.57p = .04. A hierarchical regression indicated
that 21% of the variance in delirium symptoms carabcounted for by pain and the
preoperative risk factors (comorbidity, cognitivatas, recent fall history, and
preoperative fasting time). The relative contribatof the individual independent
variables in predicting delirium symptoms at 48 tsoare presented (See Table 17).
Table 17

Hierarchical Regression of Delirium Symptoms attirs and Pain in Older Adults
after Surgery

Independent Variablés CoF;?erlt;?:on R’Change  CumulativeR? Standardize@

Cognitive score .06 .00 .04 .06

Recent fall history .35 13 .13 A2%*

Preoperative fasting time -.04 .00 .13 -.04

Comorbidity score .02 .00 .13 .02

Mean pain (24 - 48 hr. .28 .08 21 29*
post-surgery)

R? = .21,F(5, 47) = 2.57*p = .04 Adjusted?? =.13

Note.?N = 53

*p < .05;%xp < .01

When cases of delirium were excluded from theaggjon, mean pain from 24 to
48 hours was related to subsyndromal delirium a@teounting for preoperative risk
factors (comorbidity, cognitive status, recent Fafitory, and preoperative fasting time)

on the second postoperative day, although notfgignily, R =.15, F(5, 38) = 2.98p =
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.09. In addition, there was a significant positigiationship between subsyndromal
delirium at 48 hours and mean pain scores betwesn®4 hours following surgerg?
=.16,F(5, 38) = 1.65p = .03.

Delirium symptoms and pain at 72 hours after surgery. The relationship between
delirium and pain at 72 hours after surgery wasuatad utilizing hierarchical multiple
regression. Variances related to preoperativefaistors (CCI score, cognitive status,
recent fall history, and preoperative fasting timeye accounted for in the regression
equation. The mean pain score from 48 to 72 hali®Aing surgery was not
significantly (p>.05) related to increased delirisgmptoms at 72 hours (See Table 18).
Pain between 48 and 72 hours following surgery nedssignificantly related to
subsyndromal delirium.

Table 18

Hierarchical Regression of Delirium Symptoms anthRa Older Adults at 72 Hours
after Surgery

Partial R Cumulative  Standardized
Independent Variablés Correlation Change R B
Cognitive score -.03 .08 .08 -.03
Recent fall .23 .01 .09 27
Preoperative fasting time .25 .04 .10 .25
Comorbidity score -12 .01 14 -14
Pain (48 - 72 hr. post-surgery) -.05 .01 15 -.05
R = .15,F(5, 47) = 1.60p =.18 Adjusted?’ =.06

Note.’N = 53
*Pp<.05#xp < .01

Delirium symptoms and pain overall for 72 hours after surgery. Mean delirium
scores from the 72 hour study period following suygwvere not associated with overall

mean painy = -.01,N = 53,p = .94. See Table 19 for results of the regresgiah
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evaluated the contribution of the overall mean meainmean delirium symptoms over the
72-Hour study period while accounting for preopeeratisk factors (CCI score, cognitive
status, history of a recent fall, and preoperdtagting time).The regression results
indicated that pain did not contribute either atréase or a decrease in delirium
symptoms at 72 hours. In addition, overall meam pas not significantly related to
subsyndromal deliriun® = .1Q F(4, 39),p = .53.

Table 19

Hierarchical Regression of Delirium Symptoms ane@il Pain in Older Adults from O
to 72 Hours after Surgery

Independent Partial Change in CumulativeR? Beta Coefficients
Variablé Correlation R

Recent fall .26 A1 A1 -.03
Preoperative fasting A7 .03 14 -.05
Cognitive status -.05 .00 14 .29
Comorbidity score A2 .00 14 .16

Pain score .05 .00 14 .02

R’ = .14,F(5, 47) = 1.52p =.20 Adjusted¥ =.05

Note.?N = 53

*Pp<.05#xp < .01
Specific Aim 4
Aim 4 To determine the relationship between delirium gpmg and 24 hour opioid
intake controlling for selected preoperative rigktors and pain intensity ratings in
older adults following major elective orthopediagery.

Correlation analyses were performed to determieadtationship between
delirium symptoms and 24 hour opioid intake. Eaéth@ur period was analyzed
separately for each 24-hour time period followinggery. In addition, the relationship

between delirium symptoms and mean opioid intake avealyzed for the full 72 hour
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study period. Results of the correlation analysegeported in Table 20. Opioid intake
between 24 and 48 hours following surgery had aigoificant positive correlation with
delirium symptoms at 48 hounsz .25,N = 53,p = .07.

Table 20

Correlation Between Delirium Symptoms and 24 Hopiof@ Intaké

Correlated Variablés Pearson'sr p
CAM score on POD 1
Opioid intake from 0 to 24 hr. -.18 .20
CAM score on POD 2
Opioid intake from 24 to 48 hr. .25 .07
CAM score on POD 3
Opioid intake from 48 to 72 hr. .15 .28

Note CAM = Confusion Assessment Methd@OD = Postoperative DayOpioid intake was
calculated by converting opioid doses to estimatedohine sulfate equivalent doses using an
equianalgesic calculator for each 24 hour period.
°N =53
*p<.05 **p< .01

Relationship of opioid intake and delirium symptoms. Following Pearson’s
correlations for each of the study variables, retethips among delirium symptoms and
opioid intake were examined to evaluate how weibiopintake predicted a change in
delirium symptoms for each of the 24 hour postopezgeriods and overall for the 72
hour study period. Hierarchical multiple regressiarere also calculated by entering
variables in the following order: 1) preoperatiigkrfactors (comorbidity burden,
cognitive status, number of recent falls, and peeative fasting time), 2) mean pain, and
3) 24 hour opioid intake. The predictors were thér fpreoperative risk factors

(comorbidity score, cognitive score, fall histoand preoperative fasting time), mean

pain, and opioid intake while the outcome variakées the number of core delirium
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symptoms on the CAM algorithm. Results for the allef2 Hour study period are
reported in Table 21.
Table 21

Hierarchical Regression for Delirium Symptoms id€l Adults and Mean Opioid
Intake from O to 72 Hours after Surgery

Partial R
Independent Variable Correlation Change  Cumulative R Coefficients
Fall history .26 A1 A1 .39
Preoperative fasting time 14 .03 14 14
Cognitive score -.07 .00 14 -.06
Comorbidity Index score -.05 .00 15 -.06
Pain score .06 .00 15 .06
Mean 24-hour Opioid intake =11 .01 15 -14
R = .15,F(6, 46) = 1.34p = .26 Adjusted?® = .04

Note.*Twenty-four hour opioid intake was calculated inrpiine sulfate (parenteral)
equianalgesic units (in mg) in order facilitate gamison among participants prescribed different
opioid medications.
N =53
*P<.05#xp < .01

The mean 24-hour opioid intake for all three dd&yso{2 hours) after surgery was
not significantly related to delirium symptoms<(.13,N = 53,p =.17).Mean 24 hour
opioid intake from the 72 hour study period weré significantly related to delirium
symptoms when analyzed in a hierarchical multipledr regression equation. Opioid
intake did not account for a variation in delirigymptoms. over and above the
covariates of preoperative risk factors and seibreed pain. When scores from
participants who developed delirium were excludedhfthe hierarchical regression
analysis, subsyndromal delirium was not signifibarglated to mean 24-hour opioid
intake for the 72 hour study perio& = .13 F(6,37)= 0.92, p =.49. See Tables 22, 23,

and 24 for findings from regression analyses.
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Table 22

Hierarchical Regression for Delirium Symptoms angla® Intaké in Older Adults at
24 Hours after Surgery

Partial R’Change Cumulative R B
Independent Variabte Correlation Coefficients
Fall history -12 .01 .01 -.15
Preoperative fasting time 13 .00 .01 13
Cognitive status -.22 .05 .06 -.22
Comorbidity score .05 .00 .06 .06
Pain score (0 to 24 hr.) -.22 .02 .08 -.22
Opioid intake (0 to 24 hr.) -.10 .07 15 =11
R = .15,F(6, 46) = 1.38p = .24 Adjusted? =

.04

Note *Twenty-four hour opioid intake by older adults veadculated in morphine sulfate
(parenteral) equianalgesic units (in mg) in or@eilitate comparison among participants
prescribed different opioid medications.

by —

N =53

*p<.05#xp < .01

Table 23

Hierarchical Regression for Delirium Symptoms anadd Intake in Older Adults at
48 Hours after Surgery

Independent Variabfe CoF;?erItQ:on R’Change  Cumulative R Coefficients
Fall history .36 .01 .01 .52
Preoperative fasting time -.06 .00 .01 -.05
Cognitive status .05 .05 .06 .05
CCl scoré .00 .00 .06 .00
Pain score (24 to 48 hr.) .30 .02 .08 .32
Opioid intake (24 to 48 hr.) -.10 .07 .23 -.14
R = .23,F(6, 46) = 2.22p = .06 Adjusted? = .12

Note *Twenty-four hour opioid intake by older adults veagculated in morphine sulfate (parenteral)
equianalgesic units (in mg) in order facilitate garison among participants prescribed differentiopi
medicationsCCIl = Charlson Comorbidity score

°N =53

*p<.05xxp < .01
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Table 24

Hierarchical Regression for Delirium Symptoms aradd Intake in Older Adults at
72 Hours after Surgery

Partial R’Change  Cumulative R B
Independent Variable Correlation Coefficients
Recent fall history .18 A1 . .22
Preoperative fasting time 27 .02 14 .28
Cognitive score -.02 .01 14 -.02
Comorbidity score -.10 .00 .15 -12
Mean Pain (48 to 72 hr.) -.10 .00 .15 =11
Opioid intake (48 to 72 hr.) 10 .01 A5 A2
R = .15,F(6, 46) = 1.39p = .24 Adjusted? = .04

Note.*Twenty-four hour opioid intake was calculated inrpiune sulfate (parenteral) equianalgesic units
k():\rll Lng% in order facilitate comparison among paptnts prescribed different opioid medications.
*P<.05%xp < .01
Summary of Results

Subsyndromal delirium was common in older adult® whderwent major
elective orthopedic surgery in this study with aemll incidence of 68%. Higher pain
levels between 24 and 48 hours following surgeryeveggnificantly p < .05) related to
increased delirium symptoms at 48 hours after synghile accounting for the effects of
preoperative risk factors, but pain was not sigatfitly @ > .05) related to delirium
symptoms at 24 hours, 72 hours, or overall fordAhéour study period. Higher pain
levels between 0 and 24 hours following surgeryevgegnificantly p < .05) related to
subsyndromal on the second day following surgehg felationship between delirium
symptoms and opioid intake was not significgnt(.05) on any of the three
postoperative days in the study sample. In additioea maximum pain rating reported by

participants between 24 and 48 hours following sorgvas significantly related to

increased delirium symptomg € .05). Twenty-four hour opioid intake was not
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significantly related to subsyndromal delirium. The&pose of this study was to
determine the relationship between subsyndromaiwutal and postoperative pain in
older adults following orthopedic surgery; secoiigiato determine the relationship
between subsyndromal delirium and 24 hour opidigaki@ in older adults following

orthopedic surgery.
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CHAPTER YV
DISCUSSION
The purpose of this study was to determine thegtiogiship between
subsyndromal delirium and pain in older adultsdwihg major elective orthopedic
surgery. The specific aims examined in this studyewa) to determine the frequency of
delirium symptoms and the frequency distributiopdoperative risk factors, pain
intensity ratings and 24 hour opioid intakes ofgras age 65 years and older following
major elective orthopedic surgery; b) to deternihreerelationship between delirium
symptoms and the preoperative risk factors in adderts following major elective
orthopedic surgery; c) to determine the relatiopsldtween delirium symptoms and pain
intensity ratings controlling for preoperative risictors in older adults following major
elective orthopedic surgery; and, d) to determingerelationship between delirium
symptoms and 24 hour opioid intakes controllingdelected preoperative risk factors
and pain intensity ratings in older adults follogrimajor elective orthopedic surgery. The
final chapter presents a summary of this studyiamebrtant conclusions drawn from the
data presented in chapter 4. It provides a disonssi the major findings with
interpretation of their significance for nursingeswe, practice and education.
Subsyndromal Delirium and Postoper ative Pain
In this study, 35 of 53 or 67.9% € 35 of anN of 53) older adults who

underwent major elective orthopedic surgery dewvadiogpubsyndromal delirium on at
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least one of the three days following surgery. gnbdsomal delirium occurs when core
delirium symptoms are present, but are not diagnosthe syndrome of delirium.
According to the Confusion Assessment Method (CAlMynostic algorithm (shortened
version), delirium is present when the first 2 ceyenptoms (an acute change in mental
status and fluctuating course of abnormal behasiod, inattention) and either the third
core symptom (disorganized thinking) or the foutine symptom (change in the level of
consciousness) are present (Inouye, 2003). Iniaddi previous research that found
postoperative pain to be an independent risk fdorathe full syndrome of delirium, this
study provides evidence for pain as a significart (05) risk factor in the development
of subsyndromal delirium in older adults followinggjor elective orthopedic surgery.
The mean pain scores from the time period of Mtb@urs following the participant’s
arrival in the following surgery unit was signifitdy (p < .05) related to subsyndromal
delirium on the second day after surgery. In addijtthe findings of this study are
consistent with the findings of previous researdt found no etiological impact of
postoperative administration of opioids on the dgwaent of delirium (Fong et al.,
2006; Lynch et al., 1998; Morrison et al., 2003ijttvthe exception of meperidine
(Morrison et al., 2003). The choice of opioid mediocn administered to older adults
before and during surgery, however, was prediciigostoperative delirium in previous
research (Radkte et al., 2010).

The overall rate of subsyndromal delirium of 67.@%= 53) reported in this
study is comparable to previous findings in sampfesder hospitalized patients who
underwent total joint replacement surgery (Lipteiral., 2005). Diligent pain

management may help reduce delirium symptoms iergidstoperative patients. The
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sample used for this observational study may dfffan patients seeking other
noncardiac procedures making generalization torqbpulations inappropriate.
However, findings suggest a significant relatiopstxists between subsyndromal
delirium and postoperative pain.
Incidence of Subsyndromal Déelirium

In acute care and long-term care settings, incideates for subsyndromal
delirium reported in the literature ranges from 12268.8% (Bourdel-Marchasson et al.,
2004; Ceriana et al., 2010; Cole et al., 2003;iipet al., 2005; Marcantonio et al.,
2002; Tan et al., 2008). The incidence of subsyma@talelirium in this study was
comparable to the higher incidence rate of 68.8%ubtyndromal delirium reported by
Liptzin et al. (2005) in older adults following jdireplacement surgeries. Other studies
conducted in acute care settings have reported lmelence rates of subsyndromal
delirium among older adults. For example, the ianmk of delirium was 46.2% in a
mixed sample of medical and surgical patients (loévkt al., 1996), 20% in patients
with hip fracture (Marcantonio et al., 2002) an@@# surgical patients following
cardiotomy surgery (Tan et al., 2008). Despiteviige range of incidence of delirium
symptoms from previous studies, it is clear thdiriden symptoms are very common in
older adults in the early postoperative period Cade (2013) argued, the variation in
subsyndromal delirium incidence rates should nadseimed as related to the diagnostic
criteria used. Further, some evidence suggedesditference exists in delirium detection
despite the use of different sets of validated miatyjc criteria, such as the CAM or the
Diagnostic and Statistical Manual for Mental Disensllll or IV (Cole 2012; Voyer,

Richard, Doucet, & Carmichael, 2009).
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Like delirium, the detection of subsyndromal deim occurs through the
identification of the number of core symptoms preg€ole et al. (2011). Incidence rates
for subsyndromal delirium with one symptom of dahn (SSD-1) and subsyndromal
delirium with two or three symptoms of delirium moeeting criteria for delirium (SSD-
2) are different, with SSD-1 occurring more fregilygand SSD-2 having been
associated with poorer outcomes (Cole et al., 20d&)y few researchers have reported
research findings separately for SSD-1 and SSDef €& al. (2011) detected SSD-1 in
65.4% and SSD-2 in 26% of longterm care residehis were assessed as negative for
delirium prior to the study. The higher rate of SSI5.2%) versus SSD-2 (20.8%) in
the current study is in agreement with the findirggorted by Cole et al. (2011).

Incidence rates of delirium have wide variationvien studies. In a systematic
review, Fong et al. (2006) reported the range 6fide incidence among studies at 10%
to 80%. In this study, 18.9%%£10) of the participants developed full deliriunt.tBose
participants with full delirium, 60%n(= 6) had either 1 or 2 positive findings on one of
the CAM assessments prior to the development bfialirium compared to 40% = 4)
of patients who developed delirium without firshéiting subclinical delirium
symptomsiIn this study, participants with one or two delmwsymptoms had a 5 times
higher risk for progressing to full delirium thdmse who did not develop subclinical
symptoms of delirium supporting the notion thatsuigiromal delirium occurs on a
spectrum between no delirium and full delirium.

Preoper ative Risk Factors and Subsyndromal Delirium in Older Adults
In this studypreoperative risk factors for delirium symptomsifaziusion in data

analyses procedures were selected from risk factpesated in the delirium literature for
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older surgical patients. Those risk factors incthddvanced age (Dasgupta & Dumbrell,
2006; DeCrane et al., 2011), a higher number ofarbidities (Cole et al., 2012,
Marcantonio et al., 2002), cognitive impairment (Dane et al., 2011; Marcantonio et
al., 2002), history of a recent fall (Aizenberggl8r, Weizman, & Barak, 2002; Fong et
al., 2009), and the duration of preoperative fgstimes (Korc-Grodzicki et al., 2014;
Radtke et al., 2010). Other risk factors that appethe literature included increased
severity of physical iliness.

To determine the relationship between subsyndra@aium and the
preoperative risk factors of comorbidity burdengmitive status, history of a recent fall,
and preoperative fasting time, correlation andesgion analyses were conducted. Each
preoperative risk factor was discussed as followgsponse to relationships to increased
delirium symptoms in older adults following ele@imajor orthopedic surgery followed
by a discussion of the results of the regressi@tyars of preoperative risk factors and
the outcome of increased delirium symptoms.

Comorbidities. The age-adjusted Charlson Comorbidity Index (&Cre
incorporates age as well as co-occurring conditiottsthe calculation of a weighted
standardized score, with a higher score indicadiggeater burden of comorbidity. Mixed
results were derived from studies evaluating tte od comorbidities on the development
of delirium. For example, some researchers havifterl the Charlson Comorbidity
Index score as an independent risk factor in hakp#d older adults in medical (Inouye
et al., 2007) and surgical patients (Rudolph e28l10; Tan et al., 2008), while others
have failed to demonstrate a significant relatigm&letween delirium and a patient’s

level of comorbidity burden (Marcantonio et al. 020 Neufeld et al., 2013; Velilla et al.,
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2012). The age-adjusted Charlson Comorbidity Indlag used to determine predictors of
postoperative delirium in patients/5 years scheduled for cancer surgery (Korc-
Grodzicki et al., 2014) and to identify risk factdor the development of delirium after
radical cystectomy (Large et al., 2013). Inouyeaddy and Jones (2007) used the
Charlson Comorbidity Index to measure baselineatttaristics in hospitalized older
adults at discharge to determine delirium risk gsirCharlson Comorbidity Index cut-off
score of 4. In this study, nearly one-half of pap@ants who developed delirium
symptoms 1t = 23) had a Charlson Comorbidity Index score of greater it = 11).

Similarly, previous researchers have identified@marlson Comorbidity Index
score as a predictor of delirium (Korc-Grodzickaét 2014; Large et al., 2013). Large et
al. (2013) reported a mean Charlson Comorbidity&es 3.5 for surgical inpatients with
delirium and 3.0 for patients without delirium fmiing surgery for a radical cystectomy,
usually performed for treatment of bladder canbethis study, the average Charlson
Comorbidity Score was similar in patients who depeld delirium symptoms$V = 3.6)
and those who did noM = 3.8). Differences in comorbidity scores foundhrs study
may reflect differences in the population sampled.

Cognitive impairment. The literature investigating postoperative defitiin
older adults identified dementia or cognitive intpant as an important predictor of
delirium (Levkoff et al., 1996; Marcantonio et &002; Cole et al., 2003; Cole et al.,
2011). In this study, cognitive status was asseasehpaired on the Mini-Cog dementia
screening tool in 25% of participants£ 13), only 15% of those older adults with an
abnormal Mini-Cog screen had a formal diagnosideshentiait = 2). When broken

down by procedure, patients who underwent totabhtproplasty procedures had the
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highest rate of cognitive impairment (36.48%6; 4) compared to patients who underwent
other total joint replacement procedures (11.8%,5). Because older adults are at
highest risk for delirium, it is important to incla participants with cognitive impairment
in research studies. Lynch et al. (1998) includieéroadults with cognitive impairment if
they had adequate cognitive function to grant imid consent. In this study, older adults
with cognitive impairment were invited to participaf they were able to use the lowa
Pain Thermometer.

Cognitive impairment occurred at similar rates atignts who developed SSD-1
(16.7%,n = 4) and SSD-2 (18.2%,= 2). Cognitive impairment was somewhat less
common in patients who did not develop delirium pyoms (12.5%n = 1). Cognitive
impairment has consistently been identified aslafactor for delirium in the other
studies. Marcantonio et al. (1994) developed aiptied model for delirium applicable to
noncardiac patients in which one of the three gfeghpredictors was cognitive
impairment, which has been corroborated by a megent systematic review (Dasgupta
& Dumbrell, 2006). In addition, Cole et al. (20G8und dementia to be a strong
predictor of subsyndromal delirium in medical patse

Participants who patrticipated in this study witmabmal preoperative Mini-Cog
screens demonstrated the ability to use the lowa HRermometer at the time of
enrollment and in the postoperative period. In &oldj patients with cognitive
impairment who developed delirium were most oftele &0 continue using the lowa
Pain Thermometer to rate their pain. Nurses cdanglder adults with cognitive
impairment should be encouraged to attempt sebiftdpr pain assessment in those

patients who develop delirium, if possible.
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Recent fall history. A history of falls is a nonmodifiable risk factfmr delirium
(Aizenberg et al., 2002; Korc-Grodzicki, 2014).this study, 3.8%r(= 2) of the
participants had a history of a recent fal=(2) and the number of falls within the past
six months was an independent risk factor for adehrsymptoms in older adults 65 years
or older. In a recent investigation with a large@mple ( = 416), Korc-Grodzicki et al.
(2014) also found a history of falls to be predietof postoperative delirium in surgical
patients with an age of 75 years and older. Funatistatus, which may be reflected by a
recent history of a fall, has been identified asslafactor for delirium (Levkoff et al.,
1996) but was not related to delirium in this studlynctional status was originally
proposed as one of the preoperative risk factotisignstudy. Upon initial analysis, a
significant lack of variability in functional staglscores was evident (scores on the
Barthel Index for Activities of Daily Living had mean score of 97.6 out of 100, median
of 100, and a mode of 100). However, following @e® of the most recent literature, it
was noted that a recent fall was an importantfaskor for delirium (Fong et al., 2009).
Therefore, the decision was made to replace fumatistatus with a history of a recent
fall as one of the preoperative risk factor vamgbéntered into the hierarchical regression
model.

In this study, the number of falls within the p@shonths was significantly
related to increased delirium symptoms at 48 hafies arrival on the post-surgical unit
and at 72 hours. After accounting for variancesoshiced by the other preoperative risk
factors (Charlson Comorbidity Index score, Mini-Gsmgpre, and duration of preoperative
fasting time), the number of falls within the past months contributed to a 10.1%

increase in delirium symptomss .32,n = 53,p = .008. These findings agree with
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previous researchers who have concluded that haviagent fall history placed patients
at significant risk for postoperative delirium (&izberg et al., 2002; Fong et al., 2009;
Korc-Grodzicki et al., 2014). In this study, paip@nts who reported falling in the past
six months had an average CCI score of 6.0, whimh significantly higher than the
average CCI score of 3.6 for those without a retahhistory.

Having a history of a recent fall was a significaatrelate with the CCI score,
=.38,N = 53,p=.003. Significance of the correlation coefficiéatween a recent fall
history and CCI score was tested post hoc. Restiwed that the correlation between a
recent fall history and CCI score differed reliablym zero t(51) = -2.93,p=.005.
Therefore, the relationship between a recent falltae CCIl score seems to be mediated
by the relationship between the CCI score and ottiEpendent variables in the set.

Preoper ative fasting time. The time a patient fasts from fluids prior togeny
has been reported as a predictor for early posatigerdelirium in older adults in the
recovery room and on the first postoperative dagdfRe et al., 2010). In this study, the
researcher found that preoperative fasting time beaselated to increased delirium
symptoms on the third postoperative day,.30,N = 53,p = .03, but did not explain an
increase in delirium symptoms at 24 hours,.10,N = 53,p = .50, or, at 48 hours,=
.07,N =53,p = .63. Radkte et al. (2010) recommended changesrient practice aimed
at reducing certain precipitating risk factors di@firium that include reduction of
preoperative fasting times. The findings of thisdstsuggest efforts to reduce

preoperative fasting durations may also reducealerge of subsyndromal delirium.
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Relationship between Subsyndromal Déelirium and Pain

The average pain intensity rating on the lowa Haiarmometer (0 - 10) reported
by patients for the study period was 3.9. Patientis SSD-2 reported higher levels of
postoperative pain after surgery than either pttiefth SSD-1 or no delirium
symptoms. When each 24 hour period was examinextaepy, patients with SSD-2 at
48 hours had more pain between 24 and 48 housaioly surgery than patients with
SSD-1, full delirium, or no delirium symptoms. Whetnatified by procedure, pain
ratings reported by patients who underwent togalanthroplasty procedures were higher
on average than those reported by patients whorwedé other total joint replacement
procedures.

Previous researchers have labeled pain as a kpoedctor of delirium (Lynch et
al., 1998; Morrison et al., 2003; Leung et al., 201n this study, the relationship
between subsyndromal delirium and pain intensitg determined by correlations and
regressions. Previous studies have found highefdef pain were predictive of
increased delirium incidence (Lynch et al., 199&rN&on et al., 2003; Oh et al., 2008;
Vaurio et al., 2006).

After accounting for the preoperative risk fact@@sarlson Comorbidity Index
score, cognitive score on the Mini-Cog, numbereaknt falls, and preoperative fasting
time), pain between 24 to 48 hours after surgecpated for 21% of the variance in
delirium symptoms on the second postoperative @#yer researchers have found higher
incidences of delirium on postoperative day 2 (lgeahal., 2009; Lynch et al., 1998).
Similarly, Leung, Sands, Lim, Tsai, and Kinjo (2018ported delirium incidence highest

on postoperative days 1 and 2, whereas Oh et@8jZound significantly higher

98



incidences of delirium on postoperative day 1. Faen important postoperative variable
to consider in relation to increased delirium syomps on the first and second day
following surgery when pain experienced by patientypically at a moderate to severe
level. When cases of delirium were excluded, higbeels of pain from between 0 and
24 hours after surgery was significantly relatedubsyndromal delirium on the second
postoperative day¥ = .16,F(5, 38) = 1.65p = .03. The delay in detection of
subsyndromal delirium suggests that the effectsotlieved pain may not be
immediately apparent, but may emerge the follovday.

In correlational analyses, the mean pain reporyegldbticipants between 24 and
48 hours following surgery was associated witheased delirium symptoms at 48
hours,r =.22,n = 53,p = .11, but did not reach significance. Converspan intensity
reported between 0 and 24 hours after surgery @lated to decreased delirium
symptoms at 24 hours, although the relationshimdidreach significance,= -.26,n =
53,p = .06. As in previous work by Lynch et al (1998)g researcher stratified
participant outcomes by procedure to gain insigtd the relationship between mean
pain ratings and delirium. Findings suggested p&ierho underwent total hip
arthroplasty had higher mean pain levels than pi&ti@ho underwent total knee
arthroplasty, especially on the second day aftegesy. This finding differs from
findings of Wylde, Rooker, Halliday, and Blom (2QMtho found patients who
underwent total knee replacement surgery reporiae isevere pain in the first 3 days
after surgery than patients who had total hip egteent surgery. The researchers

controlled the pain medication regimen receivegbétyents -- patient-controlled
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analgesia with supplemental ibuprofen and tramadmhd may have contributed to
differences in their findings and findings in tkisidy.

Variation in delirium symptoms and pain. Increased pain intensity was related
to increased delirium symptoms at 48 hours follaaanrival in the following surgery
unit, but not at 24 or 72 hours. On the secondatigy surgery, patients may experience
more pain due to early mobilization and disconttrmraof local anesthetic infusions, if
used. In this study, patients with SSD-2 reportedepain after surgery than other
patients with no delirium, SSD-1, or full deliriunm addition to having higher levels of
pain, patients who developed SSD-2 had a higheslinbascomorbidity burden. Overall in
the study sample, pain scores and comorbidity ssere related, although not
significantly,r = -.21,N = 53,p = .14. Pre-existing conditions could contributelte
level of pain experienced following surgery.

Pain levels of participants without delirium. An unexpected finding was that the
patients without delirium symptoms had higher Iea pain than patients with
subsyndromal delirium or full delirium. Higher ldsef postoperative pain reported by
individuals who did not develop any delirium sympw®may represent a difference in
baseline vulnerability in patients who developetirien after surgery. According to the
multifactorial model for delirium conceptualized mpouye and Charpentier (1996), those
with a very low baseline vulnerability to delirivwould be able to withstand higher
levels of pain without developing delirium symptothan those with a higher baseline
vulnerability to delirium. In this study, those patts with the highest Charlson

Comorbidity Index score were some of the most walble to developing SSD-2 at 48
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hours and also had higher mean pain scores betideand 48 hours than patients with
SSD-1 at 48 hours.

| ntraoper ative factors and delirium symptoms. Some lingering effects on
cognition from anesthesia and on pain from intraajpee medications may continue for
24 hours or longer after surgery. Confounding efféom intraoperative factors could
have impacted findings of the first delirium assesst at 24 hours after surgery. By the
second delirium assessment at 48 hours after surer effects of the intraoperative
factors may have worn off, resulting in oppositeediions in effect on delirium
symptoms on the 2 days. A large majority of pasentthis study had general anesthesia
administered for the surgery € 52 of anN of 53) and included a variety of
postoperative pain regimens depending on the sorged patient preference.
Marcantonio, Goldman, Orav, Cook, and Lee (1998chaled intraoperative factors of
route of anesthesia and intraoperative hemodynaomplications were not associated
with delirium, whereas greater intraoperative bltmss was associated with increased
rates of early postoperative delirium. A more redewvestigation also found similar
results -- intraoperative blood loss of greatenth@®00 milliliters predicted early
postoperative delirium (Behrends, DePalma, Sandssuhg, 2013).

A possible confounder in the study of early postapee delirium symptoms are
delayed cognitive changes that may occur as atrelsuitraoperative factors and persist
longer than was previously thought. In a recentesyatic review, researchers who
examined the influence of anesthesia on early twgrnthanges after elective joint
arthroplasty surgery found a possible delayed oofsebgnitive changes related to

general anesthesia (Zywiel, Prabhu, Perruccio, &dBg 2014). It is possible
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intraoperative factors may have influenced cogaitiianges that we noted in the early
postoperative period.
Relationship between Subsyndromal Delirium and Opioid Intake

The role of opioid administration in delirium etigly remains unclear, except in
the case of meperidine, which is related to in@datelirium (Fong et al., 2009; Lynch et
al., 1998; Sieber et al., 2011). Ongoing heteroggle&ists in the literature regarding the
role of opioid dose and delirium symptoms. A gehegaommendation given by some is
to titrate down and reduce doses of opioids giwvesider adults to reduce subsyndromal
delirium rates (Skrobik, 2009), yet research figdimf a significant relationship between
delirium symptoms and opioid intake have been is@tant. A clear causal relationship
between delirium symptoms and the method of postdpe pain analgesia (DeCrane et
al., 2011; Lynch et al., 1998), type of opioid, fwihe exception of meperidine)
(Morrison et al., 2003), or the total dose of ogiadministered (Lynch et al., 1998) has
not yet been confirmed.

In this study, pain management regimens for pawditis varied according to
physician preference. Some researchers have fausgynificant difference in delirium
outcomes for patients who have different typesasitgperative pain regimens (DeCrane
et al., 2011), while other researchers have recamdet postoperative that pain regimens
avoid morphine and favor oral routes of adminigtrato minimize the cognitive changes
in the early postoperative period (Zywiel et a012). In this study, variation in pain
regimens among participants may have impactedadmisnigly conflicting results for

delirium outcomes at 24 and then at 48 hours.
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This study found a nonsignificant correlation begwepioid intake on the second
postoperative day and delirium symptoms at 48 hours.24,N = 53,p = .08.
Furthermore, opioid intake was not related to detirsymptoms on the®or 2% day
after surgery. However, the relationship did nas after accounting for the
contributions of preoperative risk factors and gaianalysis using a hierarchical linear
regression model.

Many nurses assume opioids are the cause of confugien delirium symptoms
develop in older adult patients, which may resuliidiscontinuation of the opioid
(Robinson et al., 2008; Robinson & Vollmer, 201615, 2011). However, in this study,
opioid intake was not significantly associated vettiher an increase or decrease in
delirium symptoms. This finding is consistent wiithdings of other researchers. In
systematic reviews investigating opioid use anchaog changes, minimal or no change
in cognitive function was associated with opioi@ (&rsek et al., 2004). In addition,
postoperative pain management for older patientgyus/dromorphone and morphine
was not associated with delirium risk followingrjbreplacement surgery (Nandi,
Harvey, Saillant, Kazakin, Talmo, & Bono, 2014)véstigations have found that
avoiding opioids in older patients following surger using very low doses of opioids
increases delirium risk in patients who underwennttjreplacement surgery (DeCrane et
al., 2014) and patient with hip fracture (Siebealet2011).The treatment of pain with
appropriate opioids and doses was not associatbdiwereased postoperative confusion

in older adults (DeCrane et al., 2014).
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Summaries and Conclusions

Implicationsfor Action

Pain is a modifiable precipitating risk factor figlirium symptoms. Previous
studies have identified negative outcomes assatwitt subsyndromal delirium.
Therefore, strategies to minimize the modifiab$k factor of postoperative pain are
needed. Pain management efforts should includea@tention to the first and second
day after surgery when patients experience highel$ of pain and have an increased
risk for developing delirium symptoms. Given thatreases in major elective orthopedic
procedures are projected, research is neededéstigate factors that influence nurse
decisions when caring for patients with post-suaigpain who develop delirium
symptoms in the early postoperative period.
Significance for Nursing Science, Practice and Education

This study contributes to growing evidence regagdive importance of pain
management in delirium prevention and treatmeateggies. Previously, several studies
identified risk factors for subsyndromal deliriumpatients following major noncardiac
surgery (Liptzin et al., 2005; Marcantonio et aD02; Oh et al., 2008), while other
investigations focused specifically on the rolgpain and pain treatment in the
development of delirium (Morrison et al., 2003; bglet al., 1998; Leung et al., 2013).
Prior to this work, evidence in the published hiteire regarding the relationship between
subsyndromal delirium and postoperative pain hadaen specifically examined.
Additional research is needed to learn how to lmeegrate assessment for subsyndromal
delirium into nursing practice despite the fluctoatof symptoms into daily nursing

assessments. With the high frequency of deliriumgpms among older hospitalized
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patients, there is a need to investigate the vglafiusing various pain assessment tools
with delirious patients. Additional research isoateeded to better understand nurse
decisions related to pain management for delirgatgents.

Nurses and physicians education regarding theagktip between delirium
symptoms, pain, and opioid intake will be necessaiynprove both recognition of
subsyndromal delirium and pain management for cddeits following major elective
orthopedic surgery. Delirium prevention effortsttimelude efforts to prevent moderate
to severe pain in older patients may reduce delisymptoms. Because subsyndromal
delirium often goes unrecognized, nurses are eagedrto assess for delirium symptoms
using one of the validated delirium assessmenstaontl report new symptoms detected
to facilitate early treatment regardless of whettairium symptoms meet the criteria for
the full syndrome of delirium. Furthermore, nuraes encouraged to assist in delirium
prevention through effective management of postper pain in older adults using
adequate dosages of opioid analgesics to achieeptble levels of pain relief.
Improvement strategies may include the use of asatgrials prior to discontinuation of
an opioid when delirium symptoms emerge. Althougrsas may be reluctant to
continue opioid medications if subsyndromal defiis noted, findings from this study
suggest possible causal factors other than opmakeé should also be considered, such as
pain. When a patient initially shows signs of dehm, such as inattention, initiating an
analgesic trial of the ordered dose of the curopnid analgesic can assist nurses in
identifying whether the medication is contributitagthe cognitive changes (Darcy,
2006). In an analgesic trial, the ordered opioidigesic is administered to the patient

with a subsequent assessment of the patient fegraan improvement or a worsening of
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delirium symptoms. The information gained from émalgesic trial is used in the
decision regarding continuation or discontinuatbthe opioid medication. Physicians
are encouraged to allow nurses to try an analgeaidor older patients when delirium
symptoms are detected prior to discontinuing arsatgen sufficient doses for older
patients when delirium.

Incorporation of a delirium risk assessments imepperative and postoperative
assessment forms may help with the integratiorebfidm assessment into daily
practice. Educational pre-licensure programs acewaged to integrate delirium
prevention strategies and detection into curriculEaucation may include information
regarding the risk factors associated with delirimnaddition, information regarding the
importance of preventing moderate to severe paotdar patients may help reduce the

negative outcomes associated with delirium symptoms
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Appendix B
Demographic Questionnaire

Initial Assessment Form
Study ID

Assessment Date:
Assessment Time

Age:

Gender:

Ethnicity:

Race:

Scheduled Surgical Procedure (specify)
Primary Diagnosis (Please specify)
Comorbidities (Check all that apply)

Please specify

Payment Source: Please choose all that apply

Other Payment Source

Type of Housing

Or, if >89 years, check here
[ 1. Male
[12. Female
[ 1. Not of Hispanic origin
[ 2. Hispanic
[ 1. White
[] 2. Black, African American
[1 3. American Indian or Alaska Native
[14. Asian
[15. Some other race:

0 1. Anemia

0 2. Atrial Fibrillation/Heart Palpitations
0 3. Cellulitis

[14. Cerebrovascular Disease/TIA

[0 5. CHF- Congestive Heart Failure
[16. COPD- Chronic Obstructive Disorder
[0 7. Coronary Artery Disease

[18. CVD- Cardiovascular Disease

[19. Dementia/ Alzheimer's

[110. Depression

[111. Diabetes

[112. FX- Hip

[113. History of falls

[0 14. HTN- Hypertension

[J 15. Other

108

[] Medicare

[] Medicaid
0OHMO

0 Private Pay
VA

[] Other

[0 Private Senior Housing

0 Private Rental Home/Apt

) Public Housing

[ Personal Care/Assistive Living
[ Nursing Home
[1 Home Owner
[J Group Home
) Other Housing




Does patient live alone?

Living Arrangement: Please choose all that apply.

Other Living Arrangement:

Marital Status:

Sensory Impairment(s): Please choose all that apply.

Other health-related information:

Regular Home Medications:

Preoperative IPT pain rating:

CAM score preop:

CAM score POD#1.:

CAM score POD#2:

CAM score POD#3:

Mini-Cog result:

Charlson Comorbidity Index score:

[1 No delirium
[1 No delirium
[0 No delirium
[0 No delirium

0 Abnormal
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0 No
0 Yes

[0 With Spouse

[0 With Other Relative

[0 With Non Relative

[0 With Live-in Paid Caregiver
[0 Other

[0 Single

[0 Married

[0 Widowed

[0 Divorced

[0 Separated

[0 Living With Partner

[0 Speech

[0 Hearing

[0 Vision

[ Other: please specify:

[0 Smoking ___PPDfor___ years
[J Alcohol use: __ Rare __ Occasional__
Daily

(verbal descriptor)
[0 SSD11] SSD2(] Delirium
[0 SSD1[1 SSD2[] Delirium
[0 SSD111 SSD217] Delirium
[0 SSD111 SSD217] Delirium

0 Normal



Post-Study Data Extraction:

Study ID
Assessment Date:
Assessment Time

Laboratory Data

Preoperative laboratory data:

CBC:Hbg__ Hct_

Complete metabolic panel: Sodium___ Potassium___ BUN___ Creatinine____

Postoperative laboratory data:
CBC:Hbg___ Hct_ POD:___
Complete metabolic panel: Sodium___ Potassium___ BUN___ Creatinine___ POD:

CBC:Hbg  Hct  POD:
Complete metabolic panel: Sodium___ Potassium__ BUN___ Creatinine__ POD:

Surgery Data

Fasting time to surgery: hours Time of last food intake: Time of last fluid intake:
IV fluids preop: mL Surgery start time: EBL: mL
Preoperative Medications:
Anesthesia Method: __General __Spinal Epidural analgesia:
Yes No
Length of surgery: ___Hours __Minutes Continuous Local Anesthetic:
Hours

Intraoperative Medications:

Medication Data
Scheduled Medications during admission:
Meds: Doses administered: Time: Post-op Day:

PRN Medications during admission:
Meds: Doses administered: Time: Post-op Day:
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Study ID

Study variables

1. Pain intensity ratings during postoperative period

Time Pain Ratings POD | Time Pain Ratings POD Time Pain Ratings POD
#1 #2 #3

2. 24 Hour Opioid Intake Data

POD Opioid #1 Dosage No. of Doses/24 hours

#1

#2

#3

POD Opioid #2 Dosage No. of Doses/24 hours

#1

#2

#3

Indicators of SSD symptoms from staff or chart
(Physician orders, physician progress notes, nurses notes, nursing shift assessments, medication
administration record, or verbal report from staff):

1. . Source: POD:
2. . Source: POD:
3. . Source: POD:
Vital Signs
Vital signs on admission: T _P__R___BP O2sat
Vital signson POD#1: T ___P___ R __ BP O2sat
T P__R__BP O2sat__
T P__R__BP O2sat___
T _P__R__BP__ O2sat__
T P R___BP O2sat
T P R___BP O2sat__
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Vital signs on POD#2;

Vital signs on POD#3:

Mobilization

Day of Surgery: __Sat on edge of bed
POD #1: __Sat on edge of bed
POD #2: __Sat on edge of bed
POD #3: __Sat on edge of bed

Complications
Infection:
Other:

Pulmonary embolism:

Discharge
Discharge disposition, date and cause of death

, if appropriate:

_ O2sat____

___BP__ O2sat____
___BP__ O2sat____
___BP__ O2sat
___BP__ O2sat
___BP__ O2sat
_ 0O2sat____

___BP__ O2sat
___BP__ O2sat____
___BP__ O2sat____
___BP__ O2sat____
___BP__ O2sat____

__Ambulated < 25 feet __ Ambulated > 25 feet

___Ambulated
___Ambulated
___Ambulated

< 25 feet __Ambulated > 25 feet
< 25 feet __Ambulated > 25 feet
< 25 feet __Ambulated > 25 feet

Air embolism:
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Appendix C
Delirium Symptom Interview

Disorientation
1. Have we met before?
1. Correct 2. Incorrect 6. No response 8. Don't Know
2. Canyou tell me what time of day it is now?
1. Correct 2. Incorrect 6. No response 8. Don't Know
3. Canyou tell me where you are now?
1. Correct 2. Incorrect 6. No response 8. Don't Know
4. Why were you in the hospital?
1. Correct 2. Incorrect 8. Don’t Know
5. During the past day did you think that you weren't really in the hospital?
1.NO 2.YES 8. Don’t Know
6. Have you felt confuse at any time during the past day
1.NO 2.YES 8. Don't Know
6a. If yes at what time of day did this confusion bother you the most?
1. Morning 2. Afternoon 3. Evening 4. Night
5. Many different times 6. Not Applicable 7. Don’t Know
6b. If yes Did this happen either just before you woke up or just when you were falling
asleep?
1.NO 2.YES 7. Not Applicable 8. Don’'t Know
6c. If yes Is this something new that you have experienced since you came to the hospital,
or is it something that you experience at home
1.0LD 2.NEW 7. Not Applicable 8. Don’t Know
6d. During the interview was there evidence of disorientation, for example, the patient first
appeared to know that he was the hospital but later indicated that he thought he was
elsewhere?
1.NO 2.YES
Disorientation Score
1=Not present
2=present
Present: Scored 2-8 on items #2-5, 6d

Disturbance of Sleep
Now | am going to ask you about your sleep.
7. Did you have trouble falling asleep last night?
1.NO 2.YES 8. Don't Know
Did you have any problems with your sleep last night, like trouble falling asleep, waking up and
having trouble falling back to sleep, waking up to early, being sleepy during the day, or having
nightmares that were intense or bothersome.
1.NO 2.YES 7. Not Applicable 8. Don’'t Know
IfNOgoto#12 If YES goto#7a
7a. If yes how much difficulty did you have falling asleep last night?
1.None 2.Some 7. Not Applicable 8. Don’t Know
7b. If yes Is this something new that you have experienced since you case to the hospital,
or is it something that you experienced at home?
1.0LD 2.NEW 7. Not Applicable 8. Don’'t Know
8. After you fell asleep, did you wake up and have trouble falling back to sleep?
1.NO 2.YES 8. Don’t Know
8a. If Yes how much trouble did you have falling back asleep last night.
1.None 2.Some 3.AlLot 7.NotApplicable 8. Don’'t Know
8b. If yes is this some thing new that you have experienced since you came to the hospital,
or is it something that you experience at home?
1.0LD 2.NEW 7. Not Applicable 8. Don’'t Know

9. Did you wake up on your own too early this morning?
1.NO 2.YES 8. Don't Know

113



9a. If yes how difficult did waking up too early this morning cause you?
1.None 2.Some 3.AlLot 7.NotApplicable 8. Don’'t Know
9b. If yes Is this something new that you have experienced since you came to the hospital,
or is this something that you experience at home?
1.0LD 2.NEW 7. Not Applicable 8. Don’'t Know
10. Were you sleepy during the day?
1.NO 2.YES 8. Don’t Know
10a. If Yes how much difficulty did being sleepy during the day cause you?
1.None 2.Some 3.AlLot 7.NotApplicable 8. Don’'t Know

10b. If yes is this something new that you have experienced since you came to the hospital,
or is it something that you experience at home?
1.0LD 2.NEW 7. Not Applicable 8. Don’'t Know
11. Did you have nightmares or vivid dreams that were intense or bothersome last night?
1.NO 2.YES 8. Don’t Know
11a. If Yes how much difficulty did having these dreams cause you?
1.None 2.Some 3.AlLot 7.NotApplicable 8. Don’'t Know
11b. If yes is this something new you have experienced since you came to the hospital, or
is it something that you experience at home?
1.0LD 2.NEW 7. Not Applicable 8. Don’'t Know
Disturbance of sleep score:
1= Not present
2= Present
Present : Items 7b, 8b, 9b, 10b, 11b

Perceptual Disturbance
12. Any time during the last day have you experience or imagined seeing, hearing, or feeling things
that weren't really there?
Describe:
1.NO 2.YES
At any time during the last day have you experienced or imagined seeing, hearing, or feeling
things that weren't really there, misinterpreted object or sounds ,or seen or heard things that
weren't really there?
1.NO 2.YES
If NO go to #16 If YES go to #12a
12a. Saw things?
1.NO 2.YES
12b If Yes how often did you have this experience?
1. Rarely 2. Sometimes 3. Frequently 7. Applicable
12c. Heard thing?
1.NO 2.YES
12d. If yes how often did you have this experience?
1. Rarely 2. Sometimes 3. Frequently 7. Applicable
12e Felt things?
1.NO 2.YES
12f If yes How often did you have this experience?
1. Rarely 2. Sometimes 3. Frequently 7. Applicable
12g. During the interview was there evidence of any of the above hallucinations, for
example, patient thought he was at home because the room seemed like home?
Describe:
1. Never 2. Rarely 3. Sometimes 4. Frequantly
13. Ijust asked you about things that weren't really there. Now | want to ask you about objects that
you have seen or sounds that you have that you may have misinterpreted. For example;
sounds that you heard were not what they appeared to be
1.NO 2.YES
13a. People doing things that they were not really doing?
1.NO 2.YES
13b. If yes how often did you have this experience?
1. Rarely 2. Sometimes 3. Frequently 7. Applicable
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13c. Sounds that were not what they seemed to be?
1.NO 2.YES
13d. If yes how often did you have this experience?
1. Rarely 2. Sometimes 3. Frequently 7. Applicable
13e. An object was not what it seemed to be?
1.NO 2.YES
13f. If yes how often did you have this experience?
1. Rarely 2. Sometimes 3. Frequently 7. Applicable
13g. Did you think people were trying to harm you when they weren’t?
1.NO 2.YES
13h. If yes how often did you have this experience?
1. Rarely 2. Sometimes 3. Frequently
13i. During the interview, was there evidence of any of the above misperceptions or
delusions, for example, patient answered intercom, or thought spot on wall was a
surveillance camera?
1. None 2. Rarely 3. Sometimes 4. Frequently
14. Now, I'd like to ask you whether things that you recognized correctly looked distorted or
strange, for example, things looked bigger or smaller than they really were?
1.NO 2.YES
14a things look smaller?
1.NO 2.YES
14b. If yes how often did you have this experience?
1. Rarely 2. Sometimes 3. Frequently
14c. Things look bigger?
1.NO 2.YES
14d. If yes how often did you have this experience? If yes how often did you have this
experience?
1. Rarely 2. Sometimes 3. Frequently
14e. Things were moving that were not really moving?
1.NO 2.YES
141. If yes how often did you have this experience?
1. Rarely 2. Sometimes 3. Frequently
14g. Things seemed as if they were moving in slow motion?
1.NO 2.YES
14h. If yes how often did you have this experience?
1. Rarely 2. Sometimes 3. Frequently
14i. The patient’s body size, shape, or weight looked different from what it is?
1.NO 2.YES
14j. If yes how often did you have this experience?
1. Rarely 2. Sometimes 3. Frequently
14k. Other
Describe:
1.NO 2.YES
14l. If yes how often did you have this experience?
1. Rarely 2. Sometimes 3. Frequently

The following three questions are given whenever there is a YES to any of the perceptual
disturbance questions.
14m. If yes for any perceptual disturbance at what time of day did this/these disturbances
bother you the most?
1. Morning 2. Afternoon 3. Evening 4. Night
5. Many different times 6. Not Applicable 7. Don’t Know
14n. If yes for any perceptual disturbance Did this/these happen either just after you woke
up or just when you were falling asleep?
1.NO 2.YES 7. NotApplicable 8. Don’'t Know
140. If yes for any perceptual disturbance Is this/these something new that you have
experienced since you came to the hospital, or is it something that you experienced at
home.
1.0LD 2.NEW 7. Not Applicable
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15. During the interview was were evidence of any of the above perceptual distortions, for example
patient thought a light was swirling that wasn’t?
1. Never 2. Rarely 3. Sometimes 4. Frequently
Perceptual Disturbance score:
1=Not Present
2= Present
Present: 2-5 on items #12-15

Disturbance of Consciousness
This is the last group of questions | need to ask you. Some of these may sound unusual, but we
ask them of everyone.
16. Can you tell me the days of the week backwards, starting with Saturday? (S, F, TH, W, T, M, S)
Enter number representing longest correct consecutive series of days.
9=Refused
17. Can you tell me the months of the year backwards, starting with December?
(D,N,0,S,A,J,3,M,A, M, F,J)
Enter number representing longest correct consecutive series of days.
9=Refused
End of Patient questions

Thank You. Is there anything else you want to tell me, or anything you want ask me?

Observations
18. Did the patient stare into space and appear unaware or his/her environment? If present how
much of the time?
1. Never 2. Rarely 3. Sometimes 4. Most of the time
19. Did the patient talk about something else; change the subject (non-sequitur) or tell a story
unrelated to the interview? (Tangential)
1.NO 2.Mild 3. Moderate 4. Severe
20. Did the patient appear inappropriately distracted by environmental stimuli? For example
responded to question asked of roommate? (distractible) If present how much of the time?
1. Never 2. Rarely 3. Sometimes 4. Most of the time
21. Did the patient show excessive adsorption with ordinary objects in the environment, for
example, repetitively fold sheets, or examine the IV tube over and over? (Hypervigilant)
1.NO 2.Mild 3. Moderate 4. Severe
22. Did the patient have recurring thought that prevented him/her from responding appropriately to
the environment, for example, continuously looked for shoes that weren’t there? (Persistent
Thought)
1.NO 2.Mild 3. Moderate 4. Severe
23. Did the patient have trouble keeping track of what was being said during the interview, for
example fail to follow instructions or answer questions one at a time? ( Inattentive)
1. Never 2. Rarely 3. Sometimes 4. Most of the time
24. Did the Patient appear inappropriately startled by stimuli in the environment?
1.NO 2.Mild 3. Moderate 4. Severe
25. Did the Patient’s level of consciousness fluctuate during the interview, for example, start to
respond appropriately and then drift off?
1.NO 2.Mild 3. Moderate 4. Severe
26. Was the patient
1. Awake 2. Sleepy 3. Stuporous 4. Comatose
Disturbance of Consciousness Score:
1= Not present
2=Present
Present: 2-4 on items #18-26

Incoherent Speech

If the patient is non-communicative answer all questions on this page with a code 7 Non Applicable
and go to #29

27. Was the patient’s speech
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27a Unusually limited or sparse?
1.NO 2. Mild 3. Moderate 4. Severe
27b. Unusually slow or halted?
1.NO 2. Mild 3. Moderate 4. Severe
27c Unusually slurred?
1.NO 2. Mild 3. Moderate 4. Severe
27d. Unusually fast or pressured?
1.NO 2. Mild 3. Moderate 4. Severe
27e Unusually loud?
1.NO 2. Mild 3. Moderate 4. Severe
27f Unusually repetitive?
1.NO 2. Mild 3. Moderate 4. Severe
279. Have speech sounds in the wrong place
1.NO 2. Mild 3. Moderate 4. Severe
27h. Have words or phrases that were disjointed or inappropriate?
1.NO 2.Mild 3. Moderate 4. Severe
28. If present, did the patient’s speech fluctuate during the interview, for example, patient spoke
normally for a while then sped up.
1.NO 2.YES 7. NotApplicable
Incoherent Speech Score:
1=Not Present
2=Present
Present: Items 27a-h

Level Psychomotor Activity
29. Was there evidence of:
29a. Restlessness
1.NO 2.Mild 3. Moderate 4. Severe
29b. Tremors
1.NO 2.Mild 3. Moderate 4. Severe
29c. Grasping/picking
1.NO 2.Mild 3. Moderate 4. Severe
29d. Increased speed of motor response
1.NO 2.Mild 3. Moderate 4. Severe
29e. Wandering
1.NO 2.Mild 3. Moderate 4. Severe
29f. lethargy and sluggishness
1.NO 2.Mild 3. Moderate 4. Severe
29g. Slowness of motor response
1.NO 2.Mild 3. Moderate 4. Severe
29h. Staring into space
1.NO 2.Mild 3. Moderate 4. Severe
30. If any of the above are present (29a-h) Did the psychomotor activity fluctuate during the
interview
1.NO 2. Mild 3. Moderate 4. Severe 7. Not Applicable
30a. During the interview was the patient poseyed, mittened, or otherwise restrained?
1.NO 2.YES 7. Not Applicable
Level Psychomotor Activity Score:
1=Present
2=Present
Present: Items 29a-h

General Behavioral Observations
31. Did the patient show expressions of:

3la. Apathy
1.NO 2. Mild 3. Moderate 4. Severe
31b. Fear
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1.NO 2. Mild 3. Moderate 4. Severe
31c. Anger

1.NO 2. Mild 3. Moderate 4. Severe
31d. Euphoria

1.NO 2. Mild 3. Moderate 4. Severe
3le. Irritability

1.NO 2. Mild 3. Moderate 4. Severe
31f. Anxiety

1.NO 2. Mild 3. Moderate 4. Severe
31g. Combativeness

1.NO 2. Mild 3. Moderate 4. Severe
31h. Impatience

1.NO 2. Mild 3. Moderate 4. Severe
31i. Sadness

1.NO 2. Mild 3. Moderate 4. Severe

32. Did the patient do any of the following inappropriately?

32a. Crying
1.NO 2.Mild 3. Moderate 4. Severe
32b. Laughing
1.NO 2.Mild 3. Moderate 4. Severe
32c. Singing
1.NO 2.Mild 3. Moderate 4. Severe
32d. Swearing
1.NO 2.Mild 3. Moderate 4. Severe
32e. Did the patient show emotional liability
1.NO 2.Mild 3. Moderate 4. Severe
Fluctuating Behavior Score
1=Not Present
2=Present
Present: Items 27, 28, 30, 32e
33. Uncooperativeness — resistance, unfriendliness, resentment, and lack of readiness to cooperate
with the interviewer. (Rate only on the basis of the patient’s attitude and responses to the
interviewer and the interview situation. Do not rate on basis of reported resentment or
uncooperativeness outside the interview situation.)
1.NO 2. Mild 3. Moderate 4. Severe
34. Patient meets criteria for delirium.
1.NO 2. YES

Note. Adapted from “The Delirium Symptom interviesn interview for the detection of delirium
symptoms in hospitalized patients,” by M. S. Alb&tE. Levkoff,, C. Reilly, B. Liptzin, D. Pilgrirand
P. D. Cleary, 1992,Journal of Geriatric Psychiatry and Neurolody.14-21. Copyright 1992, Sage
Publications. Used with permission.
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Appendix D
Script for Invitation of Patientsto Participatein Research Study

RESEARCH STUDY OPPORTUNITY AT

NORTH VALLEY HOSPITAL

With your planned orthopedic surgery, you may be eligible to
participate in a pain study being conducted by a doctoral nursing
student from the University of North Dakota at our hospital. Whether
or not you choose to participate in the study, you will receive the
same high quality care you expect here at North Valley Hospital and
none of your treatments will be altered. The findings from this study
will provide important evidence that may reduce the pain experienced
by older adults who undergo major orthopedic surgery.

If you are interested in this opportunity, we will contact Ms. Denny so
she can contact you to discuss the study in more detail.

If you are interested in this opportunity, you may contact Ms. Denny
using the contact information below to learn more about participation
in this study.

If you prefer, we will contact Ms. Denny so she can contact you to
discuss the study in more detail.

Researcher contact information:
Dawn L. Denny, PhD-c, RN, ONC
(406) 261-0569

University of North Dakota
ddenny@nvhosp.org

119



Appendix E
Information Regarding the Denny Pain Study

NURSING RESEARCH STUDY AT NORTH VALLEY HOSPITAL INVOLVING
ORTHOPAEDIC PATIENTS

Resear cher: Dawn L. Denny, PhD Candidate (University of Nortakota), RN, ONC,;
Medical-Surgical RN/Orthopedic Coordinator/Case Egar at North Valley Hospital
(Per diem status currently); Advisor: Glenda Linttis€hD, RN, FAAN, FADA
(University of North Dakota)
Research Title: Subsyndromal Delirium and Postoperative Pain ireO&dults
Resear ch Topic: Subsyndromal Delirium and Postoperative Pain
Approvals: University of North Dakota Institutional ReviewoBrd(expires June 24,
2014) North Valley Hospital Senior Leadership Team &o@rd of Directorgeffective
June 25, 2013)
PURPOSE: To determine the relationship between postoparatain and subsyndromal
delirium in older adults following orthopedic surge

RECRUITMENT: Older adults scheduled for elective orthopedigsry will be

screened according to inclusion and exclusionraitey the preanesthesia testing nurses
at the preoperative appointment at the hospithlyghone. The preanesthesia nurse will
give potentially eligible participants informatioegarding the research study. Potential
participants will be given written information regang the study purpose and how to
contact the researcher if they choose to partiejpat if preferred, interested patients
may ask the preanesthesia testing nurse to cah&acesearcher who will set up a time to

meet prior to surgery to ensure eligibility. Folliogy application of inclusion and
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exclusion criteria, eligible patients will be inet by the researcher to participate in the
study and informed consent obtained.

INCLUSION AND EXCLUSION CRITERIA: Participants must be (1) scheduled for

orthopedic that will require admission to one obtwpatient post-surgical study units;
(2) > 65 years of age; (3) English-speaking; and (4¢daled to undergo elective major
orthopedic surgery and expected to have an ingdadtag of at least 48 hours.
Participants will be excluded if they have (1) prasting delirium; or (2) an inability to
utilize the lowa Pain Thermometer.

SAMPLE SIZE: The researcher plans to enroll 2-3 participaetsweek over a period of

39 weeks to complete the proposed timeline (Sasipéeis 115 participants for
significance).

STUDY PROCEDURES: The researcher will cooperate with health carsgeel so

that the provision of care is not delayed or intpted due to the investigation. Pain
assessments will be completed by the nurses ussptva Pain Thermometer, a pain
intensity rating scale with documented reliabiktyd validity, and thendocumented per
the usual hospital procedures. Postoperative ddliection by the researcher will occur
on POD 1, POD 2, and POD 3 with a chart reviewotlmiv. In the case of early
discharges, the researcher has made alternatine foadata collection over the
telephone in order to collect necessary data ®isthdy.

Data Collection Schematic

121



. )
e Pain assessments g4h
e Delirium assessments daily )
e Pain assessment gq4h
e Delirium assessments daily )
. R
e Pain assessments q4h
e Delirium assessments daily )

lowa Pain Thermometer

Pain as bad as
could be

Extreme pain

Severe pain

Moderate pain

Mild pain

No pain

ised with permission, Keela Herr, PhD, RN, FAAN,
AGSF, The University of lowa, College of Nursing.

Contact information:

Dawn L. Denny: ph# 8¢-9073; cell# 261-0569; ematlawn.denny@my.und.e
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Appendix F
Confusion Assessment M ethod Wor ksheet
BOX 1
I. ACUTE ONSET AND FLUCTUATING COURSE

a) Is there evidence of an acute change in mental status (o] O YES NO
from the patient’s baseline?

b) Did the (abnormal) behavior fluctuate during the day, O OYES | NO

that is, tend to come and go or increase and decrease
in severity?

II. INATTENTION
Did the patient have difficulty focusing attention, for example,

being easily distractible or having difficulty (o) O YES NO
keeping track of what was being said?

BOX 2
[ll. DISORGANIZED THINKING

Was the patient’s thinking disorganized or
incoherent, such as rambling or irrelevant
conversation, unclear or illogical flow of ideas, or
unpredictable, switching from subject to subject?

(o) OYES | NO

IV. ALTERED LEVEL OF CONSCIOUSNESS

Overall, how would you rate the patient’s level of
consciousness?

O Alert (normal)
O Vigilant (hyperalert)
O Lethargic (drowsy, easily aroused)
O Stupor (difficult to arouse)
O Coma (unarousable)

Do any checks appear in this box? (o] OYES NO

Positive for delirium per CAM (based on above CAM) ? (o) YES O NO

If all items in Box 1 are checked and at least 1 item in Box 2 is checked a diagnosis of delirium is
suggested. They have to have both items 1 and 2 present and either 3 or 4

O NO O YES

Figure 7.The Confusion Assessment Method Worksheet. Th&sheet provides a tool for the detection
of delirium or subsyndromal delirium. Adapted fr6@larifying Confusion: The Confusion Assessment
Method. A New Method for Detection of Delirium,” I8, K. Inouye, C. H. vanDyck, C. A. Alessi, S.
Balkin, A. P. Siegal, R. I. Horwitz, 199(nn Intern Med113: 941-948. Confusion Assessment Method:
Training Manual and Coding Guide, Copyright 2008a®n K. Inouye, M.D., MPH. Used with
permission
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Appendix G
TheMiniCog

ADMINISTRATION

The test is administered as follows:

1. Instruct the patient to listen carefully to and esniber 3 unrelated words and then to repeat the
words.

2. Instruct the patient to draw the face of a clodéthex on a blank sheet of paper or on a sheet with
the clock circle already drawn on the page. After patient puts the numbers on the clock face,
ask him or her to draw the hands of the clock &amira specific time.

3. Ask the patient to repeat the 3 previously statedao

SCORING

Give 1 point for each recalled word after the clolclwing test distractor.

Patients recalling none of the three words aresiflad as demented (Score = 0).

Patients recalling all three words are classifieth@n-demented (Score = 3)

Patients with intermediate word recall of 1-2 woadle classified based on the clock-drawing test
(Abnormal = demented; Normal = non-demented)

Note: The clock-drawing test is considered norrhallinumbers are present in the correct sequende a
position, and the hands readably display the reégqddsne.

MINI-COG

3-ltem Recall=0 ] [ 3-ltem Recall=1-2 I ‘ 3-Item Recall=3

DEMENTED NON-DEMENTED

oot ]

DEMENTED NON-DEMENTED

Figure 8 The Mini-Cog. The tool is appropriate for admirasion by non-physicians and takes
approximately 5 minutes to complete. The figurevjites a schematic for the determiniation of whether
the screen result suggests the patient is dementeah-demented. Adapted from “The Mini-Cog: A
cognitive ‘vital signs’ measure for dementia sciagnn multi-lingual elderly,” by S. Borson, J. Sdan,

M. Brush, P. Vitaliano, and A. Dokmak, 2006ternationalJournal of Geriatric Psychiatry, {31), p.
1024.

Copyright 2000 John Wiley & Sons Limited. Reprodiiedth permission.
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Appendix H
|owa Pain Thermometer

Circle a number on the Pain Thermometer below that best represents the
intensity of your pain right now.

The Most Intense
10 pain Imaginable

9

8 Severe Pain

7

6

5 Moderate Pain
4

3

2 Mild Pain

1

0 NoPain

Figure 9 The lowa Pain Thermometer. The pain intensitingascale was developed to obtain self-
reported pain ratings from older adults with orhsifit cognitive impairment. The “lowa Pain
Thermometer” by Keela Herr, PhD, RN, AGSF, FAAN lIEge of Nursing, The University of lowa, lowa
City, IA, USA. Used with permission.
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Appendix |
Charlson Comor bidity Index

1. Scoring: Age
1. Age <40 years: 0 points
2. Age 4150 years: 1 points
3. Age 5160 years: 2 points
4. Age 6170 years: 3 points
5. Age 7180 years: 4 points
2. Interpretation
1. Calculate Charlson Score or Index (i) usinggre=il weights for diseases
2. Add Comorbidity score to age score

Assigned weights
for diseases Conditions

1 Myocardial infarct
Congestive heart failure
Peripheral vascular disease
Cerebrovascular disease
Dementia
Chronic pulmonary disease
Connective tissue disease
Ulcer disease
Mild hiver disease
Diabetes
Hemiplegia
Moderate or severe renal disease
Diabetes with end organ damage
Any tumor
Leukemia
Lymphoma
Moderate or severe liver disease
6 Metastatic solid tumor

AlIDS

Assigned weights for each condition that a patient has. The
total equals the score. Example: chronic pulmonary (I) and
lymphoma (2) = total score (3).

[ g%

L)

Figure 1Q The Charlson Comorbidity Index is an index usédely for estimating comorbidity burden and
risk of mortality. A score is derived from currgntliagnosed conditions and age. Adapted from “A new
method of classifying prognostic comorbidity in ¢tudinal studies: Development and validation,”Ndy

E. Charlson, P., Pompei, K. L., Ales, and C. R. Kiarrzie, 1987 Journal of Chronic Disease, 40. 377.

Copyright 1987 Elsevier. Reprinted with permission
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Appendix J
Protection of Human Subjects

The research facility site was North Valley HospitaWhitefish, Montana. The
small community hospital provides critical-access remote area of Montana and
includes a total joint replacement program.

The following policy served as the proposed stugytscedure regarding human subjects:

1. Inclusion of older adults. Participants for the proposed study were conseziyt
selected from male and female adults equal toeatgr than 65 years of age of
any race or ethnicity scheduled for major orthopedirgery at the research site
hospital and who meet eligibility requirements. I@ten were excluded from the
study because the research focus was on the vhlagrapulation of older
adults. Data was collected only from participant®vave consented to
participate in the investigation. The preanesthesiing nurse informed
potential participants that there was no penaltyfithdrawal from the study and
that they could do so at any time. The intervievg wanducted in a private
location by the preanesthesia testing nurse.

2. Vulnerable participants. The research study was conducted at a community
hospital where patients may be dependent on heaféthpersonnel to meet basic
needs. In addition, participants included patigvith cognitive impairment who
met eligibility requirements. Persons with cogretimpairment were included in
the study because they represent a group severpbcied by delirium. In this
study, consent was obtained from the participantak necessary to seek
surrogate consent for any study participants.

3. Confidentiality. Deidentified data collection forms were transedbnto
computerized data storage with uniqgue random nusrdesignments for each
participant associated with a key maintained byRhand kept in a locked file
cabinet in the PI's locked home office. Data cdil@t forms were kept in a
locked briefcase in the PI's locked home officeeTiformation gathered for
data collection was not part of the participantadical record. Some of the data
collected required information contained in the moaldrecord. With the
participant’s signed consent to release protectéadtihinformation, data were
collected from the medical record to include labmnatesting, doctor orders and
progress notes, nursing documentation, medicatiomrastration record and
medical history to facilitate data analysis. Allarviews were conducted in a
location and manner that ensures patient privabg.computer of the primary
investigator was password protected and the compateen was equipped with
a privacy screen, a screen saver that begins withamute of non-use, and
encryption software for data entry.

4. Potential inconveniences or risksto the participants. The researcher cooperated
with health care personnel so that the provisiocané was not delayed or
interrupted due to the investigation. The researchmpleted thorough training
concerning the vulnerability of older adults withvaithout cognitive
impairment. Education was provided to nurses whiewe assigned to study
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participants that emphasized that a participarmdigddion superceded the use of
any of the study protocols if they were in conflict

. Minority inclusion. Older adults of any race or ethnicity are eligitn

participate in the investigation. All eligible camding participants will be
included in the research study regardless of eitigroc race.

. Severe adjustment problems No cases of adjustment difficulties were reported
by participants. If a participant had been ideatifas having severe adjustment
problems, they would have been referred for caner& were no legal or social
risks to participants of this study.

. Advantages for the participants. There were no benefits for participation in this
study.

. Risks associated with the study. No adverse effects from participation in the
study were identified. Pain management practicee wet altered from standard
practices other than the use of the lowa Pain Thereter pain intensity rating
scale for enrolled participants. The researchedgoted passive surveillance of
possible harms associated with the use of the gitmpcols.

. IRB. Approval from the University of North Dakota’s titational Review

Board was obtained prior to the start of the stuwlyaddition, approval from the
Board of Directors of the research site was obththeough the procedures of
the administrative staff at the facility. The Phgoleted education in the
protection of human subject education prior todtaet of the study. The
University of North Dakota’s Institutional ReviewoBrd has received
accreditation by the Association for the Accreditatof Human Research
Protection Programs, Inc. through a rigorous preces
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u NI VERSITY O F D A K O TA

COLLEGE OF NURSING

NURSING BUILDING
430 OXFORD STREET STOP 9025
GRAND FORKS ND 58202-9025

CONSENT TO PARTICIPATE IN RESEARCH (701) 777-4174

FAX (701) 777-4096

Relationship of Confusion and Pain following Surgery in Older
Adults

You are invited to participate in a research stsyggnsored by the University of
North Dakota by Dawn Denny (PhD doctoral candidiatursing at the University
of North Dakota). Your participation in this studyoluntary. Please read the
information below, and ask questions about anytlymgdo not understand, before
deciding whether or not to participate.

PURPOSE OF THE STUDY

The purpose of this research study is to deterthi@eelationship between mild
confusion and pain following surgery. The researtiopes the knowledge from this
study will provide information that can be used#dp decrease confusion
occurrence after surgery.

PROCEDURES

You are asked to participate in the study becgaseare scheduled for major
orthopedic surgery and are age 65 years or oldgoul are willing to join, the
investigator will meet with you at a convenientiior you. This meeting will take
about 30 minutes. The purpose of the project atailddor the study will be
explained. The researcher will: help you completgi@stionnaire that asks about
you and your health history, instruct you on the aka pain rating scale, and
complete a brief test to evaluate memory and holvyee are able to care for
yourself. You don’t need to answer any questioas ybu would prefer not to
answer.

The study will last while you are in the hospitalowing your surgery for about
3 days. The researcher will be given only namestuafy participants. No medical
information regarding non-participants will be agsed. Only medical records for
those participants who have agreed to participatea study will be reviewed.
Whether or not you choose to participate, you mtleive pain management
according to the usual hospital practices. Theareber will complete daily
assessments while you are hospitalized. Assessméhtake an estimated 15
minutes and are completed in your hospital roonu May be contacted by the
researcher with more questions related to paincanéusion following your
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discharge home. | would like to follow up with yby phone after you go home to
ask how you are doing.

The doctors will treat you as they usually do. Tésearcher will be conducting a
brief interview with you daily.

POTENTIAL RISKSAND DISCOMFORTS

There are low risks with this study. After thegeny, you may get tired after you
answer all the questions. This study does notat®gimedications or their side
effects. We will protect your privacy while you amsswering the questions.
However, there is a slight risk that personal infation may be heard by patients
sharing your hospital room. There are no legakriskbe in the study. Referral to a
case manager will be made if any significant profdeccur as a result of
participation in the research study.

WHAT ARE THE BENEFITSOF THISSTUDY?

It is hoped that you or other future patients riggnefit from this study because
of a better understanding of the relationship affasion and pain in older adults
following surgery. You will nobe paid for being in this research study but yau ca
have the results after the study is done if yoe.lik

ALTERNATIVESTO PARTICIPATING IN THISSTUDY
You may choose not to participate in this studhg the researcher will not
contact you.

PARTICIPATION AND WITHDRAWAL

If you decide you no longer wish to participatehrs study, you are free to quit at
any time. However, the information that has bedheyad up to that time will be
used in the study. This information will not haveuy name on it. There will be no
costs to you for being in this research study.

WITHDRAWAL OF PARTICIPATION BY THE INVESTIGATOR

The investigator may withdraw you from the stuidydu cannot safely continue,
if you can’t answer the questions, or if you aensferred to a different area of the
hospital, or are transferred to a different hospita

CONFIDENTIALITY

In order to protect your privacy, your consentricand questionnaires will be
held in separate locked files in the researcheRrsafe office. After four years the
consent forms and questionnaires will be shred@lis.information will not become
part of your medical records. Your personal infatiorawill not be included on the
researcher’'s worksheets. The researcher will “colde’information by a randomly
assigned number that will be known only to the aedger and university officials
whose job is to protect your rights in researchi@entiality of participants will be
maintained by the researcher.
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NEW FINDINGS

During the course of the study, if any significaetv findings are identified, such
as changes in the risks or benefits resulting fpamicipation in the research or new
alternatives to participation, that might cause gmuhange your mind about
continuing in the study, the researcher will t&llyabout it and then ask you if you
still want to stay in the study. If you choose taysin the study, you will sign
another consent form.

RIGHTS OF RESEARCH PARTICIPANTS/IDENTIFICATION OF
INVESTIGATOR

You may choose to stop participating in this statlgny time without penalty.
You are not waiving any legal claims, rights or ezhes because of your being in
this research study. If you have questions reggrgaur rights as a research
participant, we ask that you contact the reseaydewn L. Denny at (406) 261-
0569 or Dr. Glenda Lindseth (Advisor) at (701) 4506. If the research causes any
injury, treatment will be available including firaid, emergency treatment and
follow-up care as needed. You or your medical iasae will need to pay for any
such treatment (you will be billed). In the evehaagesearch related injury, if you
experience an adverse reaction, or if you haver giinestions or concerns, please
contact the University of North Dakota Institutibieview Board at Phone#: (701)
777-4279, or Fax#: (701) 777-6708.

SIGNATURE OF RESEARCH PARTICIPANT

| have read the information provided above. | hlaeen given an opportunity to ask
guestions and all of my questions have been ansvtemay satisfaction. | have been
given a copy of this form.

Name of Participant (Please print)

Signature of Participant Date

SIGNATURE OF WITNESS

| have discussed the above points with the pasitipr, where appropriate, with the
participant’s legally authorized representative. sitynature as witness certifies that
the participant signed this consent form in my preg as his/her voluntary act and
deed.

Name of Witness (Please print)

Signature of Witness Date
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