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Background. Delirium is characterized by disturbances of consciousness, attention, cognition, and perception. Delirium is a serious
but reversible condition associated with poor clinical outcomes. This has implications for the critically ill patient; the effects of
delirium cause long term sequelae, principally cognitive deficits, and functional decline. Objectives. The objective of the paper
was to describe risk factors associated with delirium in critically ill adult patients. Methods. Published and unpublished literature
from 1990 to 2012, limited to English, was searched using ten databases. Results. Twenty-two studies were included in this paper.
A large number of risk factors were presented in the literature; some of these were common across all settings whilst others were
exclusive to the type of setting. Benzodiazepines and opioids were shown to be risk factors for delirium independent of setting.
Conclusion. With regard to patients admitted to medical and surgical intensive care units, risk factors of older age and comorbidity
were common. In the cardiac ICU, older age and lower Mini-Mental Status Examination scores were cited most often as risk
factors for delirium, but other risk factors exclusive to the setting were also significant. Benzodiazepines were identified as the

most significant pharmacological risk factor for delirium.

1. Introduction

Delirium is a syndrome characterized by disturbances of con-
sciousness, attention, cognition, and perception [1]. Delirium
has multiple aetiologies, but the predisposing risk factors
most frequently cited are older age, cognitive impairment,
severity of illness, and iatrogenic causes [2, 3]. Delirium has
an acute onset. Symptoms fluctuate over a 24-hour period
[4, 5]. Although its presentation is typically associated with
symptoms of hyperactive delirium (restlessness, agitation)
[4], two other subtypes exist, “hypoactive” and “mixed” [1].
Hypoactive delirium is characterized by lethargy, reduced
activity, and apathy [5], whereas mixed delirium features
characteristics of both hyperactive and hypoactive deliriums.
Although associated with poor clinical outcomes, delirium
is typically reversible [6, 7]. This has implications for man-
agement of the critically ill patient; not only is the patient’s
life threatened by the primary illness, but also the effects of
delirium may cause long term sequelae, principally cognitive
deficits, and functional decline [8]. Hypoactive and mixed

deliriums often go unrecognized despite being more common
than hyperactive delirium [3, 8], resulting in undertreatment
and poorer outcomes [8, 9]. Such factors present a challenge
to clinicians to identify factors and possibly to prevent
delirium in critically ill patients.

2. Methods

This systematic paper is an abridged version of a full
online publication available at the Joanna Briggs Institute
Library of Systematic Reviews (http://connect.jbiconnectplus
.org/JBIReviewsLibrary.aspx) [31].

2.1. Inclusion and Exclusion Criteria. This paper consid-
ered studies including randomised controlled trials, nonran-
domised controlled trials, and before and after studies. In
their absence, cohort and case control studies were consid-
ered for inclusion. Participants were adults (aged 21 years and
above) presenting with delirium (hyperactive, hypoactive,
and mixed) in the intensive care unit (ICU). Synonyms such



TaBLE 1: Keyword categories.

Keywords

(i) Electrolyte imbalance
(ii) Fever
(iii) Urinary tract infection
(iv) Sepsis
(v) Pneumonia
(vi) Anaesthetic
Concept 1: factors (vii) Postoperative complication®
(viii) Hypoxia
(ix) Anoxia
(x) Dementia
(xi) Age
(xii) Older”
(xiii) Head injury

(xiv) Subdural hematoma

(i) Delirium
(ii) Confusion™
(iif) Agitation®
(iv) Attention”
(v) Disorientation”
Concept 2: acute delirium (vi) Stupor
(vii) Hallucination
(viii) Incoherence”
(ix) ICU psychosis
(x) Acute confusional state
(xi) ICU Syndrome

(i) Critical care

Concept 3: critically ill

patients (ii) Intensive care unit

as ICU psychosis and ICU syndrome were included. Critically
ill patients not in the ICU (e.g., those in the general ward)
were excluded.

2.2. Search Strategy. A three-step search strategy was utilised.
An initial search was undertaken using the search terms
“factors,” “delirium,” and “critical care” A comprehensive
search strategy was then developed using identified keywords
and MeSH headings (Table 1). Finally, the reference lists of
all identified studies were examined for additional studies
relevant to the review. Published and unpublished literature
from 1990 to 2012, limited to the English language, was
searched using ten databases.

2.3. Search Results. Twenty-two studies were included in the
paper (Figure 1; Table 2). The studies were conducted in med-
ical, surgical, and cardiac intensive care units. Twenty studies
were prospective and two retrospective cohort studies.
Fifteen studies used the Confusion Assessment Method
for the Intensive Care Unit (CAM-ICU), with the Richmond
Agitation Sedation Scale (RASS) for the diagnosis of delir-
ium. The remaining studies used other delirium assessment
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tools: the Diagnostic Statistical Manual-IV (DSM-IV), Con-
fusion Assessment Method (CAM), Intensive Care Delirium
Screening Checklist (ICDSC), Nursing Delirium Screening
Scale (Nu-DESC), and Delirium Rating Scale (DRS). Only
one of the studies used randomized sampling [25], whilst
the remainder predominantly used large cohort (range from
20 to 1367 patients) convenience sampling. Due to the
heterogeneous nature of the included studies, findings are
presented in a narrative review.

2.4. Assessment of Methodological Quality. Studies were iden-
tified for relevance via title, abstract, and keywords. Two
independent reviewers assessed content relevance. Full texts
of eligible studies were retrieved and reviewed using the
appropriate critical appraisal instruments from the Joanna
Briggs Institute (JBI) [31].

3. Results

3.1. Patients Admitted to the Medical Intensive Care Unit.
Peterson et al. [25] examined delirium and its motoric
subtypes in a medical ICU (MICU). Data on demographics
(age, gender, and race), Acute Physiology and Chronic Health
Evaluation-II (APACHE-II) scores, and intubation or extuba-
tion were collected from 614 randomised participants. Delir-
ium assessments were extensive and rigorous, generating
7,323 CAM-ICU and 21,931 RASS assessments. Results show
that patients aged 65 years and older (n = 156) experienced
hypoactive delirium more frequently (71.8% versus 57.4%)
than younger patients (n = 458), and older age was strongly
associated with hypoactive delirium. Mixed type (hyper-,
hypoactive) delirium was the most common (54.9%) amongst
other subtypes.

In contrast, Lin et al. [20] examined risk factors for early-
onset delirium in mechanically ventilated MICU patients.
However, “early onset” was not defined in the study, and no
time measures were recorded. Data was obtained from the
medical records 0f143 patients (including APACHE-II scores,
patient’s medical history, and alcohol use). Data collection
was rigorous; the questionnaires used were previously pilot
tested, and research procedures were standardised to ensure
reliability. A stepwise logistic regression revealed hypoalbu-
minemia and presence of sepsis on admission as significant
factors in the development of early onset delirium.

3.2. Patients Admitted to the Surgical Intensive Care Unit.
Robinson et al. [27] recruited 144 patients who were listed
for surgery and required postoperative ICU admission. A
pilot study was conducted to assess interrater reliability
using the CAM-ICU. A high interrater reliability (kappa
statistic > 0.96) ensured internal validity of the results. It
was shown that preoperative variables such as older age,
hypoalbuminemia, impaired functional status, preexisting
dementia, and preexisting comorbidities were significantly
associated with delirium [27]. This supports the finding of
Peterson et al. [25] who showed that preexisting dementia
was the most significant risk factor for the development of
postoperative delirium.
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FIGURE 1

Examining the course of delirium in older SICU patients,
Balas et al. [15] recruited 117 participants. It contrasts with
Robinson et al. [27] in that the Informant Questionnaire
on Cognitive Decline in the Elderly (IQCODE) was used to
assess the presence of dementia. The IQCODE is a validated
tool in which dementia is assessed by obtaining information
from a surrogate. It was found that older adults admitted to
the SICU were at high risk of developing delirium. 18.4% of
the participants had dementia on admission, 28.3% of the
participants developed delirium in the SICU, and 22.7% of
the participants developed delirium in the post-SICU period.
The study used descriptive statistics only. Furthermore, the
effects of dementia were not explored.

Angles et al. [13] examined risk factors for delirium after
major trauma in patients admitted to the trauma intensive
care unit. Results from this group are reported because the
majority of trauma patients require emergency surgery. The
study had a small number of participants (n = 59). It was
shown that a GCS of 12 or less, higher blood transfusions,
and higher multiple organ failure score were significantly
associated with delirium.

In a study examining the effect of hypoxia on cognition,
Guillamondegui et al. [18] recruited 97 ICU patients with
multiple traumas without evidence of intracranial haemor-
rhage. Data such as age, race, length of ICU stay, and injury
severity score was recorded, and oxygen saturation was mea-
sured. Using the CAM-ICU, 57% of patients were “positive”

for delirium. After adjusting for injury severity score, oxygen
saturation, blood transfusions, and blood pressure, it was
revealed that the number of ventilator days and ED pulse rate
were significantly associated with delirium.

3.3. Patients Admitted to the Cardiac Intensive Care Unit.
Afonso et al. [10] created a predictive model for postoperative
delirium in 112 cardiac surgical patients. Surgery included
coronary artery bypass graft (CABG), valve replacement,
and aortic surgery. The incidence of delirium was 34%.
Increased age and increased duration of surgery were the
most significant risk factors for postoperative delirium.
Detroyer et al. [16] also examined postoperative delirium
in 104 patients focusing on anxiety and depression as risk
factors for postoperative delirium. Unlike Afonso et al. [10]
the type of surgical procedure was not recorded. Prolonged
intubation time and a low intraoperative lowest body tem-
perature were the most significant predictors of delirium.
Similar to Afonso et al. [10], Bakker et al. examined
predictors of delirium after cardiac surgery in 201 patients. A
Mini-Mental Status Examination (MMSE) was conducted to
assess “global cognitive functioning” [14] in the participants
before surgery, and medical records were evaluated. In the
final logistic regression model, lower MMSE scores, higher
creatinine levels, and longer extracorporeal circulation time
were independent predictors of delirium. Mortality during
the first 30 days after surgery was significantly higher in



(10°0 = d) duore HEVYD 03 pasoddo se HgyD
MoyIIM 10 YIMm L1331ms aaTeA utodropun syuanyed ur Apusnbaiy srowr
pa1ndo0 umuPp aaneradolsod Jet) pamoys SIsAJeue ajerIeArun

$91008 DSADI

duore (DgyD) yeis
ssed4q £19)1e L1RU0I0D

SuroSopun sjusned pue
S[O13U0D [BIISINSUON

a1ow 10 s1eaf GG pade
K1981MS SBIPIED 2AT)OS[O
SuroSropun sjuoned p¥

[61] TI0T “Te 32 Z39pnH

WNLIIOP YIM pajerdosse Apuedoyrudis a1om (F0'1-00'T = ID 20T
=30) avex asind 09 pue (67°1-50T = IO ‘OT'T = YO) SAep I01e[nuaA jo
IoquinN wnurEp 10§ aanisod NDI-INVD 219m syuaned NDT £6 JO §S

ISRN Critical Care

$3102S NDI-INVD

WNLIap INO0/M syuanyed

juswaSeuewr
NDI Surrmbar ‘sarnfur
srdnmu yym syuaned /g6

[81] 110
“Ie 32 3apuoure[Imo

"0606 JO Ayoy10ads & pue 9,001 JO ANADISUSS

© [IIM ‘SO[QBLIEA JUROTTUSIS JSOUT 31]) 21oM 95e PUe DI0W 10 ] JO OTjer 821098 WNLITEP JNO/M SJUDTIE, Bumes ared [eontd [£1] 8661 T8 39 Ua
qu [qe! JIust ,a p ; joor INVD PUe I11 INSA HIPP Hed e ut syuaned A[1ap2 07 I Pd
auTuTIRaId/UsS0NIU BIIN POO[] B “UONDSJUT Jo 2duasaid Arpiqiowon)
“WNUIPEP JO s10301paid Juedyudis 50w oY) 2Iom a N — (1]

(66'0-%.£'0 =ID 98°0 = YO) 2anjerodwa) £poq 3samo[ aaneradoenur
MmoJ e pue (ST'T-60'T = ID ‘0I'T = JO) dWwn uoneqniut paduojoig

pue sa100s NDI-INVD

WNLIIpP INO0/M syuanjed

105 paprwpe syuanjed 01

8007 “Te 30 1fomp(

‘wonjeziejrdsoy urmp wniIrap
Surdofaaap 10J ys11 Y31y Je o10mM ND]S o) 0) panrwpe syuared 19p[O

$2108 NDI-INVO

WNLITPP INO/M SJUaned

syuaned NDIS 11

[ST] £00T “Te 32 sefeq

"wniiEp Jo s1011pard yuspuadapur a19m (20'1-10°T = [D ‘10T =

YO) 2w uone[noIn [earodiodsenxa 13uof pue (0 1-00T = ID ‘C0'T
=30) S[PAd] autunea1d Y3 (97 F-02'T = ID ‘TET = YO) $1028
ASINIA 1om0T “A1931ms derpIed 1a)ye wniiap padofoasp syuaned ¢9

ASININ
pue $3103s NDI-INVD

WNLIPp INO0/M syuanjed

I9p[o pue sIeak
02 paSe £1931ms oerpred
107 Juam oym sjuanjed 10g

[¥1] 210T “TE 30 1Ry

“uoTjeZI[RUONINT)SUT 23TeydsTpIsod

axmbax 03 A[oy1] 210w 219M pUE sAeIS D] pue [eydsoy 18uof

PeY WNLIIAP YIIM $303(qNG "WNLIIPP [IIM PIJRIdOSSe AJuedyTusrs
a1oM (10°0 > d “T°0 F 1°0 SNSI9A 7' F ¢'T) $2109s axnyrey ueSio sydnmu
1oySty pue (10°0 > d ‘€°0 F G0 SNSI9A £°( F §°7) SUOTISNJsuLI) pPoo[q
Paseandur (100 > d ‘T°0 F ST SNSIOA 0T F 1) SS9[ 10 Z[JO SDD V

$21038 NDI-INVO

WNLITPP INO/M SJUaned

JTUN 218D JAISUIUT BUINEI)
a3 03 pantwpe syuaned g6

[€1] 800T “Te 32 s3[Suy

‘skep

$'8 £4q NI 9y ut £e3s Jo a8y oy paduojord wnrrEp aaneIadolsod
(1000 > d pue

TLE-LT=TD ‘0'8 = YO) WNLITPP 312435 Jo 10301paid juspuadapur

ue se pajou ose sem awr) Jurdurepd onyoe 18u0T (100°0 > 4 pue
‘C0TZ-TH = ID F'67 = JO) WwnuIEp a1949s Surdofaaap jo Lyiqissod
oy} paseanur Sur {1 9A0qe [Auejudy Jo asop & SuLI)SIuIpy

S9I00S
NOIFINVD Pue SSVYH

[N

ssed£q Areuowrndorpreo
uo £1281ns oerpIed

19 winuIap 2a1eIdo)sod

yim syuaned o6

[21] T10T ‘sexsuraIig
pue susnefIpuy

“TWNLIT[AP JO YSII ToMO] B [IIM PIBIDOsse SuTaq §109d 2A1399)01d
aaey 0) pareadde (700 = J) duopeyiow pue (1000 > J) saerdO
“(100°0 > d PUe Q'SI-T'€ = [D ‘§°9 = YO) WnLirEp jo yuawdopasp
a1} 10 $10}00J YSLI Juspuadopur 9q 0) punoj a1om sauidazerpozuag

$3102S NDI-INVD

WNLIIpP INO/M syuanjed

syuaned
wIng paje[iuaa Jnpe ¢g

[11]
0102 “Te 32 [emIedy

“wnLIEp

aanye1adolsod 10y $1030.] YSLI JUBDYTIUSIS JSOW 3} 1M (Z000°0 = d
pue ‘¢'1-1'T = [D ‘€T = YO) £181ns Jo uonjeInp pasealdur pue

?&9» 0112d ‘100070 > d PU® 6'€-9T = TD ‘ST =YO) e pasearouy

$91008
NOIFINVD Pue SSVYH

WNLIPpP INO/M syuanjed

syuorjed [eo1dins oerpaed
aaneradoysod ympe 11

[o1] 010Z “Te 32 OSUOFY

S)nsay

saInseswr awodnQ

[0I}U0D/UOTJUIAIIIU]

uonendog

(s)Ioyny

‘1oded o) ur papnpour sarpnig iz 414V],



ISRN Critical Care

(10070 > d) senIpIqIowod

Sunsixeard pue (1000 > g) enuawap Sunsxsard (10070 > J) Sniels
reuonjouny parredwr <(100°0 > ) erwaurwungreod4y (1000 > d)

o3e 19p[0 :pajerdosse Apjueoyrudis arom safqerrea aaneradoard [e1aadg

S9I00S
NOIFINVD Pue SSVYH

WNLITPP INO/M SJuaned

nun
a1ed aAIsua)ur aAnjeradolsod
0) paprwIpe sreak

06 uey 1opjo syuanied FH1

V44|
6007 “Te 30 uosuIqoy

(6F¥1=1D

7 =¥ O) WNLIP Jo s10301paxd aTe 1939Yed Joppe[q JO asn ) pue
(TE-TT=1D 6T =Y0) (s3nip azow 10 £) Aoewreyd£jod ((9'61-8'1
=D T'9 = YO) asn [oyod[e LAedH "ND]I 2y} Ul wnwupp padopaasp
9%.°€T YoTyM Jo ‘sjuaned a3 JO 97°67 Ul PUNOJ SEM WINLI(T

S9100S
ASININ PU® INVO

WNLIIP JNO/M SJUd1e

aA0qe pue s1edf (9 syuaned
JIUN 318D JAISUIUI NS [0F

[97]
900C “Te 32 gpoyuey

'sadAyqns 10730 3s3uoure (96'%S) UOWUIOD

5o a1} sem wnIRp (danseodAy -1odAy) ad£y paxtN (¢'5—£T=1D

0°¢ = YO) wnLIPp 2a10e0dAY Yim pajerdosse A[Suos sem aSe 1oplo
PUe (100°0 > d ‘%9°IT SNSI9A 9 TH) sjuaned 1ogunoA ueyy Apjusnbaiy
a10W WNLITPP 2A130e0dAY paoudriadxa 2A0qe pue s1eak 69 sjusried

$9I008
NOIFINVD Pue SSVY

G9 uey) Jomo] page
syuanred NN 1o8unog

syuaned (NDIN) Jun
9T8D JAISUIUI [BIIPIW 9GT

[sz]
9002 “Te 12 U0sIa19d

‘(%200 = d) WNLII[2p 0] YSLI 1aMO[ & 0) payul] a1om autydiowr

se yons sajerdQ “(9€6°0 = d) NOLL 9y} Urou Inq (£00°0 = d) NOIS
1) UT WNLIT[PP I0J 10]DBJ YSII & 91oM [AUe)UaJ sk yons sajerdo jer)

Ul JAISNOUOIUT Sem 21nsodxs 91erd “WNLIIap 0] UOT)ISURI) 10J 10)0]
st Suons e sem (Z00°0 = d ‘9T°S-€F'T = 1D ‘64T = YO) W[OZePIN

S9I00S
NOIFINVD Pue SSVYH

WNLITPP INO/M Sjuaned

sInoy <

JOJ UOTJ[TIUDA [EITURYIIUT
Surrmbar syusned N1
ewner) pue [ed131ns (01

[¥2] 800T
“Ie 30 apuedLreypued

JoouedyrugdIs

SpIemO) SpUI) Y}IM Pajerdosse, a1om Ao} ySnoyre yueoyrudis

jou 1M (81°0 = J) [0jodoid pue «(F7°0 = g) 2urydiow (600 = )
Aueudf (60°0 = J) WR[OZePIA "WNLIIOP 0} UoTjIsuer) AJrep

10] (F'1-T'T = ID ‘T'1 = YO) 10308} ys11 Juapuadopur ue sem wedoze1o]

$91008
NOIFINVD pue SV

WNLIPpP INO/M syuanjed

sjuanyed
Pare[nuaA A[[EoTUBRYDIW Q6T

[€2] 9002
“Ie 32 apuedureypued

(8'9-6'T=1D ‘T¢€ =YO) WNLI[P )M P)BIOOSSE

219M s3NIp d1saZ[eUE PUE JATJEPIS JO UOTJRIISTUTWIPE PUe ‘(L0 T-£0'T
=1D ‘ST’T =40) 310s [ HOVAV Y31y (7€~ 1=1D €0°C

=) N [0Y0o[e (9'7—-¢T = D ‘88'T = YO) uorsuarodLy jo 10351y v

$91008
SSVY pue DSADI

WNLIIpP INO/M syuanjed

syuaned NI 078

[z2]
£00T “Te 32 PWImnQ

(9°09-TT=1D 708 =

4 0) swoipu4s ndino serpred moy aaneradoisod pue (90 01-01'C = ID
‘65 = 0) 28esn Jonpoid poo[q (£0°0F-18'T = IO ‘158 = YO) Hoddns
assaid pooiq [errayre-enut aaneradoard (167911 = ID ‘9%'C = YO)
G 03 Tenba 10 210w (UOT)EN[RAY NSTY dATRI2d () JRIPIR)) 10] WIA)SAS
ueadony) PYODSOINT © (FOL-II'T = ID 08°C = YO) 3S83SIP Iemdsea
reroydurad (Zro1-%#¥1 = ID “28°€ = YO) sTeah g9 uey) a1ow ae

dIoM TPTYM “WINLITPP Jo $10301paxd Juapuadapur a1om s1030e JYSI

eLIYLID AT INSA

WNLIIap INO/M syuanyed

oqv)D Suroiopun
syuaned ynpe £9¢1

[12]
£00T “Te 12 SUID{ION

“WNLIIOP J95U0 A[1ed Jo JuaurdoaAdp oy ut
s1030¢J Juedyrudis are (6'ZI-¢0°T = ID ‘S9°€ = YO) uorsstupe uo sisdas
Jo 2ouasaxd pue (£/£°87-€71 = 1D ‘F6°S = JO) erwourunqgreodAH

S3I02S NDI-INVD

WNLIAP INO/M S)UdTIEd

syuaned
paje[nuaA A[pestueypaw ¢i|

[0Z] 800 “Te 30 ury

SINSY

Saanseawr awodInQ

[OI3UO0S /UOTIUIAIIUT

uonjendog

(s)roymy

‘ponunjuo)) g 414dV],



ISRN Critical Care

"3[edS UOTIePas UoNe)Idy puourydry ayf, :SSVY
"UOTJRUTW X SNJBIS [BIUSN-TUTIA] :SIATIA
ISIPPAYD) SUIULAIDG WNLIIA( 918D JAISUNU] :DSADI

a[eds Suney wNLIP( SAA

“Tenuey [ednsnels dnsouder INSA

"Xopul WNLIPP [

“JIUN) 218 JAISU)UT ) JOJ POYIIJA] JUIWSSISSY UOISNJUOD) :NDI-INVD

‘TIAl Surimp

(T00°0 > d ‘S8'% = g) Is211e DeIpIed Jo dUALIAXd pue (F0°0 = J
£€'T = g) uorssrupe Je wnissejod WnIas Jo [2A3] JYSIY (20°0 = d
‘01°0 = g) 2Se paoueApe 21oM WNLIAP Jo s10301paid Juspuadopuy

Sua
pue eLILD AT INSA

WNLI9pP INO0/M syuanjed

syuaryed jrun
318D JAISUSIUT ATRUOIOD T[T

[1] 0102 “Te 32 ZnSn

(90°0 = d PT'T-00T :ID) WnLmep do[aasp 03 Ay 10w
9% 8-/ 21om sjyuadrjed ‘paId)STUTIUPE WER[OZEPTW JO WEISI[[IW [BUOTIPPE
KI9A9 10 "% ¢ F 0} %/ /¢ Woy paduel WNLIAp Jo aouseadrd ayf,

$9I008
NOIFINVD Pue SSVYH

WNLIIpP INO0/M syuanjed

9SBISIP 1183

Ie[NAJeA JO £19)1e £I1eu0I0d
10§ £198ms Lousdrowauou
Surrmbaz syuedonted 7z1

[0€]
T10T “Te 32 opedre,

‘kep aaneradojsod 3511y 913 U0 (59/°9-069'T

= 1D “I8€°€ = YO) [9A9] [0SN100 wnIds Y81y pue (129'1-102°T = 1D
T6€'T = JO) uolsstwpe NS U0 21008 [T FHOVAV LwE “(I8%°91-8¢C'1
=1D ‘66¥F = JO) 2o1us snotaaid jo £103s1q (068 F-1€H'1

=1D ‘9%9'7 = JO) 23e SUISL2IOUT 2I9M WNLII[AP JO SI0}O8J JAIOIPAI]

a[eog Surusaig
WL Sursinn

WNLIIPP INO/M SJUdTRJ

£1981ns oerpreouou
1aye sjuarjed Jrun
1B 2ATSURIUT [e2131INS 9T

[62] 0T0T “Te 32 1YS

‘wnupEp 2aneradojsod

10y s10301pa1d Juspuadopur a1om (£20°0 = d PUB LE'6—FT'T

= 1D £2T°€ = YO) $2100s uoneinjes uadLxo [e1qared aaneradoard
Tomo[ pue (1000 = d PUe ‘9I'61-70°C = ID ‘TT’9 = YO) 5eSIPp
srgeryAsdornau ((810°0 = d PUe ‘SI'HZ-SLT =IO 059 = YO) $1028
HSININ 19MO[ (S00°0 = d PU® ‘F0'ZI-FS'T = IO ‘0€'F = YO) 338 19p[O

$91098 FSININ
pue NDI-INVD ‘SSVI

WNLIIPP JNO/M sjuaned

A1981ms
SerpIed Juadin/eAnode
10§ pa[npayps syuaned g7

[82] T10Z “Te 32 us01PS

SINSY

Saanseawr awodIn

[OI3UO0S /UOTIUIAIIIUT

uonendog

(s)roymy

‘panunuoy)) iz 414V],



ISRN Critical Care

delirious patients (14% versus 0%) as compared to nondeliri-
ous patients, and adverse events after surgery were more
frequent.

In a retrospective study by Andrejaitiene and Sirvinskas
[12] examining risk factors for early postcardiac surgery
delirium, participants (n = 90) were studied as two distinct
groups: light-to-moderate delirium and severe delirium.
However, the criteria determining severity of delirium were
not described. The term “early” was not defined. In addition,
there is no comparator group, casting ambiguity on the “true”
incidence of delirium (4.17%). As such, the assertion that
delirium caused prolonged hospital stay cannot be justified.
It was shown that administering a dose of fentanyl above
1.4 mgincreased the possibility of developing severe delirium.
Longer aortic clamping time was also noted as an inde-
pendent predictor of severe delirium. New atrial fibrillation
(AF) episodes also occurred more frequently in patients with
severe delirium than those with light-to-moderate delirium.

The study by Schoen et al. [28] aimed to examine
preoperative and intraoperative cerebral oxygen saturation
and its association with postoperative delirium in patients
undergoing on-pump cardiac surgery. 231 participants were
recruited. Cerebral oxygen saturation was assessed using
cerebral oximetry, detecting “imbalances in the cerebral
oxygen supply/demand ratio” [28]. Older age, lower MMSE
scores, neuropsychiatric disease, and lower preoperative cere-
bral oxygen saturation scores were independent predictors
for postoperative delirium. However, the patient’s sedatives,
which may have a profound effect on the development of
delirium, were not recorded.

3.4. Pharmacological Factors. Pandharipande et al. [23]
examined sedatives and analgesics as risk factors for “patients’
transition to delirium” One hundred and ninety-eight
mechanically ventilated patients admitted to medical or
coronary ICUs were recruited. Using a Markov regression
model, it was found that lorazepam was an independent
risk factor for daily transition to delirium. Other sedatives
and analgesics, such as midazolam, fentanyl, morphine, and
propofol, were not significant, although they were “associated
with trends towards significance” [23].

In a follow-up study, Pandharipande et al. [24] inves-
tigated the effects of sedatives and analgesics in patients
admitted to the surgical ICU (SICU) and trauma ICU
(TICU). One hundred mechanically ventilated patients were
recruited. Midazolam was found to be a strong risk factor
for transition to delirium. However, opiate exposure was
inconclusive in that opiates such as fentanyl were a risk factor
for delirium in the SICU, but not in the TICU. In addition,
opiates such as morphine were linked to a lower risk to
delirium.

Agarwal et al. [11] recruited eighty-two adult ventilated
patients in burns ICU. Benzodiazepines were found to be
independent risk factors for the development of delirium.
Results suggest that benzodiazepines were a strong risk factor
for the transition to delirium. In comparison to the study by
Pandharipande et al. [24], opiates and methadone appeared
to have protective effects, being associated with a lower risk
of delirium.

The association between nurse-administered midazolam
and incident delirium was examined by Taipale et al. [30] ina
prospective observational study. 122 participants undergoing
cardiac surgery were recruited. In this ICU setting, there
were no formal sedation protocols other than the physician’s
standing orders and sedatives which were administered pro
re nata (PRN) by nurses. This study was notable in the
creation of study variables when the diagnosis of delirium
did not match those of the physicians’ (overall agreement =
71.3%); this had not been done previously. There was also a
detailed accounting of recruitment, and measures were taken
to enhance reliability of CAM-ICU assessments between
researchers. Results showed that, for every additional mil-
ligram of midazolam administered, patients were 7-8% more
likely to develop delirium.

3.5. Evaluation by Other Instruments. In the medical ICU,
three studies were reviewed. Eden et al. [17] applied four
previously studied predictive models designed to predict
susceptible ICU patients. This study used the CAM and DSM
criteria for delirium diagnosis. Unlike other studies, this
study has a small sample size; it has an elderly sample of ten
delirious and ten control patients only. Fourteen independent
variables were operationalised and incorporated into data
collection tools. A composite of these predictive models
was synthesized and showed that co-morbidity, presence of
infection, a blood urea nitrogen/creatinine ratio of 18 or
more, and age were the most significant variables, with a
sensitivity of 100% and a specificity of 90%. Ranhoft et al.
[26] conducted their study in a subintensive care unit for the
elderly, recruiting 401 patients. The researchers also used the
CAM to diagnose delirium. Delirium was found in 29.2% of
the patients, of which 13.7% developed delirium in the ICU.
Heavy alcohol use, polypharmacy (7 or more drugs), and the
use of bladder catheter were predictors of delirium. Ouimet
et al. [22] examined delirium in 820 ICU patients using the
ICDSC. A history of hypertension, alcohol use (similar to the
previous study by Ranhoff et al. [26]), higher APACHE II
score, and administration of sedative and analgesic drugs was
associated with delirium.

In the surgical ICU, one study was reviewed. Shi et al.
[29] conducted a study in a Chinese ICU examining both the
incidence and risk factors of delirium in 164 patients after
noncardiac surgery. The researchers used the Nu-DESC, a
delirium screening tool validated in the Chinese population.
The results showed the predictive factors of delirium to be
increasing age, history of previous stroke, high APACHE II
score on SICU admission, and high serum cortisol level on
the first postoperative day.

In the cardiac ICU, three studies were reviewed. Hudetz
et al. [19] examined the incidence of delirium in patients
undergoing valve surgery with or without CABG as com-
pared to patients undergoing CABG alone. Forty-four “edu-
cation balanced” patients were recruited from the ICU of
one veteran affairs medical centre. The ICDSC was used
to diagnose delirium before surgery and five days after
surgery. Postoperative delirium occurred more frequently in
patients undergoing valve surgery with or without CABG as
opposed to CABG alone. Uguz et al. [1] conducted a study



which measured the incidence of delirium as it relates to
acute myocardial infarction (AMI) as opposed to surgical
procedures. Two hundred and twelve patients who were
admitted to the coronary intensive care unit were recruited
and assessed using DSM-IV criteria and the DRS. Inde-
pendent predictors of delirium were advanced age, higher
level of serum potassium at admission, and experience of
cardiac arrest during MI. The retrospective study by Norkiene
et al. [21] had a very large sample size (n = 1367). The
researchers studied the precipitating factors for delirium after
CABG and screened for delirium using the DSM criteria.
Eight factors were independent predictors of delirium, which
were age more than 65 years, peripheral vascular disease,
a EuroSCORE (European System for Cardiac Operative
Risk Evaluation) more or equal to 5, preoperative intra-
arterial blood pressure support, blood product usage, and
postoperative low cardiac output syndrome.

4. Discussion

From the studies reviewed, there are a variety of candidate
factors associated with delirium in the setting of the intensive
care unit. Some are common across all settings, whereas
others are exclusive to the type of setting. For example,
the importance of valve surgery as a risk factor for delir-
ium [10] is of key importance in a cardiac ICU but lacks
importance in the medical ICU, where one is more likely
to see cases of sepsis, acute respiratory failure, and renal
disease.

In the medical ICU, older age, sepsis, co-morbidity, and
heavy alcohol use were the most commonly cited risk factors.
Older age is considered a highly significant risk factor for
delirium due to a reduced synthesis of cerebral neurotrans-
mitters [32]. Fluctuations in the neurotransmitter levels lead
to impairment in neurotransmission, resulting in increased
susceptibility to delirium in older patients. The mechanism by
which sepsis causes delirium is poorly understood; however
several theories have been postulated; these include brain
activation by inflammatory mediators, oxidative stress, and
blood-brain barrier breakdown [33]. It is possible that all
these theories are valid; the manifestation of delirium is likely
multifactorial, precipitated by cytokine pathways resulting in
the derangement of neurological function. The presence of
co-morbidity is not easily explained, although it might be
expected that effects on increasing physiological burden may
play a part. Heavy alcohol use is known to be associated with
delirium tremens, a form of delirium caused by withdrawal
of alcohol [34].

In the surgical ICU, older age, presence of co-morbidity
(including previous history of stroke and dementia), and
high APACHE-II score are the most cited risk factors. With
a higher APACHE-II score, there is a greater physiological
stress with concomitant increase in risk for delirium.

In the cardiac ICU, there were no factors which stood
out more significantly than others (other than older age and
lower MMSE scores). All other factors are likely to be equally
significant. A study examining all these factors in a composite
model is required to determine the most significant factors
causing delirium in the CICU.
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With regard to pharmacological factors, benzodiazepines
were identified as a significant risk factor for ICU delirium.
Benzodiazepines increase the effect of the neurotransmitter
GABA, resulting in increased sedation and hypnosis [23]. The
effect on GABA may cause an imbalance in the action and
quantity of the other neurotransmitters, causing symptoms to
manifest as delirium. In addition, benzodiazepines may cause
behavioural disinhibition and aggression [24], symptoms
similar to hyperactive delirium.

In this paper, two retrospective cohort studies were
included in a majority of prospective studies. In comparison,
prospective studies are preferred to retrospective studies as
patients are available for accurate assessment and examina-
tion; in a retrospective review, it is not possible to confirm
the patient’s condition. A retrospective review further com-
pounds a problem inherent in delirium: diagnosis. Physician’s
diagnoses may be subjective; as such, one physician may
view a patient as delirious whilst another might regard it as
preexisting dementia. The propensity for misinterpretation
and incorrect diagnosis may be significant in clinical settings
which do not use standardised criterion such as the CAM-
ICU to determine diagnosis. Though the methodology and
results of retrospective studies may be apocryphal, they are
included in this paper for the sake of completeness.

4.1. Implications for Practice and Research

(i) By creating a predictive model for delirium, clinicians
may be able to identify patients at risk of developing
delirium and implement preemptive measures. This
can be further developed into an ICU-specific model.
For example, a patient in the medical ICU will have
a different set of risk factors, such as the presence of
sepsis, co-morbidity, and alcohol use, from a patient
in the cardiac ICU. A protocol based on this model
will assist the nurse in monitoring patients at higher
risk for developing delirium, identifying modifiable
risk factors to prevent or reduce the severity of
delirium.

(ii) Clinicians should prescribe benzodiazepines judi-
ciously, moderated by an understanding of the
patient’s mental status and propensity for developing
delirium. Conversely, the precipitation of delirium
in a patient prescribed benzodiazepines must be
considered in the context of the patient’s condition
and not attributed to pharmacological reasons alone.

(iii) An alternative to using benzodiazepines as sedatives
may be haloperidol. van den Boogard et al. [35]
found that haloperidol prophylaxis resulted in lower
delirium incidence and more delirium free days as
compared to the control group. However, the results
still need to be verified via a reliable randomised
controlled trial.

(iv) Randomised control trials should be conducted to
investigate the efficacy of other possible sedatives such
as dexmedetomidine or opioids in comparison to
benzodiazepines.
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(v) Strength of studies could be further improved by
increasing sample sizes, recruiting from more than
one hospital and examining diverse factors in order
to synthesise stronger evidence. Future studies may
examine the effects of biomarkers on delirium in
depth, possibly isolating key biomarkers in the path-
way leading to delirium.

(vi) An examination of all the factors examined in the
recent literature may be conducted, in order to create
a composite model for predicting delirium. This
predictive model can be used in future in tandem with
research which examines interventions to reduce the
incidence of delirium.

4.2. Limitations. This paper was limited by the parameters
set in the search strategy; any relevant studies prior to 1990
were not included, possibly influencing the review findings.
It was also limited by potential reporting bias, as “published
studies tend to overreport positive and significant findings”
[36]. Only studies written in English were included, possibly
excluding relevant studies in other languages. Variability in
the results may be attributed to the difference in sample
sizes. Different study objectives, such as measuring pre- and
postoperative variables and biomarkers, may have influenced
the results of the studies.

5. Conclusion

Old age is a common risk factor for delirium in critically ill
adult patients. In both medical and surgical ICUs, risk factors
of older age and co-morbidity are significant, whilst heavy
alcohol use and higher APACHE II scores are significant
in medical and surgical ICUs, respectively. In the cardiac
ICU, a variety of factors were significant, such as age and
lower MMSE scores. Benzodiazepines are singled out as a
significant risk factor for delirium.
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