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Editor’s key points

† The gold standard method
for diagnosing delirium is
psychiatric evaluation
using the DSM-IV criteria.

† The CAM-ICU and NuDESC
delirium screening tools
perform well in adult ICU
patients.

† The current study
assessed their
performance as
post-anaesthesia
screening tools in elderly
patients.

† Compared with formal
psychiatric evaluation,
sensitivity was poor, while
specificity was good.

Background. Postoperative delirium in the elderly is common and associated with poor
outcomes, but often goes unrecognized. Delirium screening tools, validated in postoperative
settings are lacking. This study compares two screening tools [Confusion Assessment
Method for the Intensive Care Unit (CAM-ICU) and Nursing Delirium Symptom Checklist
(NuDESC)] with a DSM-IV-based diagnosis of delirium, conducted by neuropsychiatric
examination in postoperative settings.

Methods. Consecutive English-speaking patients, ≥70 yr, undergoing surgery with general
anaesthesia and capable of providing informed consent, were recruited. Diagnostic test
characteristics were compared for each screening tool vs neuropsychiatric examination,
both in the Post-Anaesthesia Care Unit (PACU), and daily during inpatient hospitalization,
adjusting for repeated measures.

Results. Neuropsychiatric examination identified deliriumin 45% of91patientsevaluated in the
PACU and in 32% of 166 subsequent delirium assessments on the ward in the 58 admitted
patients. The sensitivity [95% confidence interval (CI)] of delirium detection of the CAM-ICU in
the PACU, and in all repeated assessments was 28% (16–45%) and 28% (17–42%),
respectively; for the NuDESC (scoring threshold ≥2), 32% (19–48%) and 29% (19–42%),
respectively, and the NuDESC (threshold ≥1), 80% (65–91%) and 72% (60–82%), respectively.
Specificity was .90% for both the CAM-ICU and the NuDESC (threshold ≥2); specificity for the
NuDESC (threshold≥1), in the PACU was 69% (54–80%) and 80% (73–85%) forall assessments.

Conclusions. While highly specific, neither CAM-ICU nor NuDESC (threshold ≥2) are adequately
sensitive to identify delirium post-operatively; NuDESC (threshold ≥1) increases sensitivity, but
reduces specificity.
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Delirium in the postoperative setting may occur in up to 50% of
elderly patients, and is associated with increased mortality,
longer hospital stays, and cognitive and functional decline.1–3

Elderly patients are at high risk of delirium after surgical proce-
dures,4 especially when performed with general anaesthesia.5

Delirium is often overlooked in hospitalized patients unless a
routine screening programme is implemented.6 Screening for

delirium in the Post-Anaesthesia Care Unit (PACU) and on the
postoperative hospital wards is generally not part of routine
clinical practice; however, there is growing interest in imple-
menting validated screening tools in these settings.7

A commonly used delirium screening tool is the Confusion
Assessment Method for the Intensive Care Unit (CAM-ICU).
The CAM-ICU has a large literature demonstrating its validity
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in detecting delirium in mechanically ventilated ICU patients
with two systematic reviews reporting pooled sensitivities of
76–80% and a pooled specificity of 96%.8 9 This instrument is
less sensitive in other patient populations, such as oncology
in-patients10 and elderly patients in the Emergency Depart-
ment.11 12 There are no studies documenting its performance
in the PACU setting, but given its validation in patients receiving
sedation and mechanical ventilation, evaluation for use in the
PACU and postoperative inpatient setting is appropriate.

The Nursing Delirium Symptom Checklist (NuDESC) delirium
tool was validated in 59 oncology/internal medicine inpatients,
with a sensitivity and specificity of 86 and 87%, respectively,
when using a scoring threshold of ≥2.13 14 The NuDESC also
has been used in the ICU, with a sensitivity and specificity of
83 and 81%, respectively.15 The NuDESC was used to evaluate
patients in the PACU where it had a sensitivity and specificity of
95 and 87%, respectively,16 and in postoperative inpatients
with a sensitivity and specificity of 98 and 92%, respectively.7

In these latter two studies, the NuDESC was compared
against the DSM-IV criteria for delirium, but without using an
independent neuropsychiatric examination to determine the
presence of the criteria.

Given the growing interest in early diagnosis of delirium, it is
important to determine the best instruments for delirium de-
tection in the PACU and postoperative in-patient settings.
Thus, the objective of this study was to evaluate the diagnostic
test characteristics of the CAM-ICU and NuDESC delirium
screening instruments against a DSM-IV-based reference
standard diagnosis of delirium conducted using a neuropsychi-
atric examination, among elderly postoperative patients in the
PACU and postoperative in-patient settings.

Methods
The Johns Hopkins Institutional Review Board approved
this study. The requirement for written informed consent was
waived, with verbal informed consent obtained from all
participants.

Patient population

Consecutive patients, undergoing surgery with general anaes-
thesia at one teaching hospital during July and August 2010,
were recruited to participate in the study. Because standard
medical practice at our institution limits exposure to
intra-operative sedatives for elderly patients undergoing
surgery with only regional anaesthesia, the study focused on
patients receiving general anaesthesia. Inclusion criteria
were: (i) ≥70 yr old, (ii) receipt of general anaesthesia during
surgery, and (iii) English-speaking. Exclusion criteria were: (i)
severe hearing impairment, (ii) cognitively incapable of provid-
ing informed consent, using an IRB-approved structured evalu-
ation of decision-making capacity,17 and (iii) prior enrolment in
this study (for patients having repeat surgery).

Pre-surgical assessment

Patients were interviewed by telephone if undergoing elective
surgery or in-person in the preoperative area if surgery was

emergent or a telephone interview could not be completed.
Patient interviews included baseline data (e.g. socio-
demographics) and administration of the 30-item Mini-Mental
State Examination (MMSE)18 for in-person interviews, or a
26-item validated version of the MMSE when performing the
telephone interview with conversion to the 30-item MMSE
scoring system.19 Data were abstracted from the medical
records to determine patients’ Charlson Comorbidity Index,20

surgery type, and the American Society of Anesthesiologists
Physical Classification System score (ASA score).21

Confusion Assessment Method for the Intensive Care
Unit

The CAM-ICU evaluates the following four ‘features’ of delir-
ium: (i) an acute change in mental status or fluctuation in the
level of consciousness over the prior 24 h, (ii) inattention, (iii)
disorganized thinking, and (iv) an altered level of conscious-
ness. Inattention and disorganized thinking are each evalu-
ated using brief, standardized testing specified by the
CAM-ICU tool. Administration of the CAM-ICU takes 1–2
min.22 The CAM-ICU was administered in the PACU and on
the wards by three research staff members who each received
one-on-one training plus quality assurance review of 20 inde-
pendent assessments before the start of the study by a
CAM-ICU expert at our institution (D.M.N.). The k-statistic for
agreement between the expert and each of the assessors
was 1.0 indicating perfect agreement.23

Nursing Delirium Screening Checklist

The NuDESC evaluates delirium based on observation of
the following five features, as defined by the instrument:
(i) disorientation, (ii) inappropriate behaviour, (iii) inappropri-
ate communication, (iv) illusions/hallucinations, and (v) psy-
chomotor retardation. Each item is scored based on its
severity (0¼absence, 1¼mild, and 2¼severe).13 Original valid-
ation studies used a total score ≥2 for delirium detection with a
subsequent study suggesting use of a threshold of ≥1.24 The
NuDESC takes 1–2 min to complete. The NuDESC was adminis-
tered by three research staff who rated each of the items based
on brief interaction and observation with the patient, and
interview of the patient’s nurse. Each independent evaluator
underwent training by a board-certified psychiatrist (K.J.N.),
followed by a quality assurance review of at least six independ-
ent co-rated assessments with excellent to perfect agreement
(k¼0.93–1.0) of each evaluator.

DSM-IV delirium reference standard using a
neuropsychiatric examination

The delirium reference standard diagnosis was performed by
either a board-certified psychiatrist (K.J.N.), or a fourth year
psychiatry resident (J.R.-R.) who had performed 25 delirium
assessments under supervision of the board-certified psych-
iatrist before starting the study. The reference standard diag-
nosis of delirium was based on the DSM-IV criteria25 after full
mental status examination of the patient, including adminis-
tration of the MMSE, review of the medical records, and
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interview of the patient’s nurse, and any available family
members. These two reference raters demonstrated excellent
agreement (k¼0.93) with co-rating 15 neuropsychiatric exam-
inations during this study.

Timing of evaluations

The CAM-ICU, NuDESC, and neuropsychiatric examination were
conducted independently by separate raters, who were blinded
to the results of the other assessments. All three assessments
were completed within 60 min of each other. Order of assess-
ments was varied. Timing of initiation of delirium assessments
in the PACU was standardized, occurring once the patient
reached an Aldrete score ≥9 indicating an appropriate level of
wakefulness, and haemodynamic and respiratory stability for
transfer from the PACU.26 For those patients admitted to the in-
patient surgical wards and ICU, study staff continued independ-
ently conducting all three delirium assessments on weekdays
for the duration of the patient’s hospitalization.

Statistical analysis

k-statistics were calculated to measure level of agreement
betweeneachof the screening tests vs the reference raterdiag-
nosis, with qualitative interpretation of k-statistics based on
prior guidelines.23 Diagnostic test characteristics (sensitivity,
specificity, positive and negative predictive values, and likeli-
hood ratios) were calculated separately for the CAM-ICU and
NuDESC vs the reference standard, for the PACU evaluation
and for all delirium assessments (i.e. both PACU and in-patient
assessments) with adjustment for repeated assessments of in-
dividual patients conducted using generalized linear regres-
sion models with a random intercept for each patient.27 Data
analyses were performed using STATA v.11.28

Results
Patient characteristics

A total of 196 patients met inclusion criteria during the study
period, with 74 (38%) meeting exclusion criteria, 27 (14%) de-
clining to participate, and 4 excluded for other reasons, leaving
91 consenting participants (Fig. 1). The mean age [standard de-
viation (SD)] of the 91 participants was 79 (6) yr and 58% were
women (Table 1). The majority (78%) of patients were living in-
dependently in their own homes before surgery. Anaesthetic
technique was comparable among subjects, consisting of pro-
pofol induction followed by maintenance with isoflurane, nar-
cotic, and muscle relaxation as needed. Forty-six per cent
(n¼42) of patients received midazolam. The doses of narcotic
(administered both intra-operatively and in the PACU), and of
intra-operative propofol and midazolam were not statistically
significantly different between those with and without delir-
ium in the PACU after recovery from anaesthesia (Table 2).

Delirium evaluations

A total of 91 patients had a neuropsychiatric reference rating
for delirium diagnosis in the PACU, with 58 (63%) admitted to
an inpatient surgical ward with a total of 166 subsequent

delirium assessments (Fig. 1). The median [interquartile
range (IQR)] number of minutes required for each delirium as-
sessment was: neuropsychiatric examination 10 (9–13),
CAM-ICU 1 (1–2), and NuDESC 2 (2–3). The median time
(IQR) from operating room exit to starting the neuropsychiatric
examination in the PACU was 48 (33–62) and 42 (28–53) min
(P¼0.53) for those with and without delirium in the PACU
after recovery from anaesthesia, respectively. The median
(IQR) absolute difference in time between the neuropsychiatric
examination and each blinded administration of delirium
screening tools was 14 (6–31) and 13 (5–31) min for the
CAM-ICU and the NuDESC, respectively, with the order of ad-
ministration of the three delirium assessments varied across
patients. The median (IQR) time between independent admin-
istrations of the two delirium screening tools was 7 (3–20) min.

Delirium prevalence and diagnostic test
characteristics of CAM-ICU and NuDESC

Figure 1 summarizes the prevalence of delirium, using each as-
sessment method, in the PACU and postoperative surgical
ward. The neuropsychiatric reference standard diagnosed de-
lirium in 45% of assessments in the PACU, and in 32% of all
assessments done in both the PACU and in-patient surgical
ward combined. k-statistics (98% CI) for agreement of each
screening instrument vs the reference standard delirium diag-
nosis indicated ‘poor’ agreement for both the CAM-ICU and the
NuDESC (scoring threshold ≥2) in the PACU and across all
assessments (Table 3). For the NuDESC (threshold ≥1) agree-
ment was ‘intermediate to good’ for both the PACU and all
assessments (Table 3).

The diagnostic test characteristics of the CAM-ICU and
NuDESC screening instruments vs the reference standard delir-
ium diagnosis demonstrated low sensitivities (range: 28–32%)
and high specificities (range: 82–100%) for CAM-ICU and
NuDESC (threshold ≥2) (Table 3). For NuDESC (threshold ≥1),
the sensitivity was higher (72–80%) but with lower specificities
(69–80%) compared with using the original scoring threshold
(Table 3).

Discussion
This prospective study evaluated the diagnostic test character-
istics of two popular delirium screening instruments (CAM-ICU
and NuDESC) in 91 elderly postoperative patients. The screening
instruments were compared against a reference standard diag-
nosis of delirium conducted by a psychiatry-trained physician
using a neuropsychiatric examination. Both the CAM-ICU and
NuDESC (cut ≥2) demonstrated high specificity, but inadequate
sensitivity for screening purposes and thus, frequently may not
detect true episodes of delirium in the PACU after recovery from
anaesthesia and surgical ward. The NuDESC (threshold ≥1) had
improved sensitivity, but reduced specificity.

The observation that the CAM-ICU is a sensitive and highly
specific screening instrument useful for delirium detection
among sedated, mechanically ventilated patients in the
ICU,8 9 created interest in its application in elderly post-
operative patients who had recently recovered from general
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anaesthesia and mechanical ventilation. In this study’s popu-
lation of elderly postoperative patients without critical illness,
the CAM-ICU was highly specific with a high positive predictive
value, indicating that a positive CAM-ICU did represent true de-
lirium. However, given its low sensitivity and negative predict-
ive value, the CAM-ICU did not perform well when used once
as a screening tool for delirium detection in the PACU
post-anaesthetic recovery, or once daily in the postoperative

inpatient setting where the objective is to detect the vast ma-
jorityof patients with delirium.29 This finding wassimilar to that
demonstrated in a sample of 139 oncology ward patients (de-
lirium prevalence 26%) where sensitivity and specificity of the
CAM-ICU was 18 and 99%, respectively.10 Some may propose
that having a screening instrument with high specificity is
better than having no instrument. However, this proposal has
not yet been empirically demonstrated in this population as

196 eligible patients
scheduled for surgery

27 (14%) declined to participate

2 (1%) never reached Aldrete
score >9 in PACU

2 (1%) staff not available

74 (38%) ineligible due to: 
-24 weekend surgery 
-20 received only regional anesthesia 
-13 incapable of informed consent 
-10 language barrier 
-7 hearing impairment

91 patients in PACU

Delirium prevalence by:

- Neuropsychiatric assessment (n=91): 45% 
- CAM-ICU (n=89*): 13% 
- NuDESC≥2 (n=91): 19%  
- NuDESC≥1 (n=91): 54%  

24 patients discharged
on same day

9 admitted patients
discharged without

delirium assessment

58 patients admitted with ≥1 assessment on inpatient surgical ward  

Delirium prevalence by: 

- Neuropsychiatric assessment (n=166): 25%  
- CAM-ICU (n=163†): 2% 
- NuDESC≥2 (n=164‡): 6%  
- NuDESC≥1 (n=164‡): 24%

Fig 1 Consort flow diagram and prevalence of delirium. (*) Two CAM-ICU assessments missing because of unavailability of blinded staff member.
(†) Three CAM-ICU assessments missing because of unavailability of blinded staff member. (‡) Two NuDESC assessments missing because of un-
availability of blinded staff member.
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the outcomes of delirium in the PACU after recovery from an-
aesthesia and very early in postoperative inpatient setting
have not yet been fully studied. Thus, future work should
focus on both the short- and long-term implications of delirium
in the PACU early in the recovery course, in addition to evaluat-
ing the best approaches to delirium screening in this setting.

The sensitivity of the NuDESC (threshold ≥2) in the PACU
(32%) and surgical wards (29%) is lower than previously
reported sensitivities of ≥95% in PACU and inpatient surgical
settings.7 16 In the current study, the DSM-IVdiagnosis of delir-
ium included a neuropsychiatric examination which may differ
from the prior study that did not describe a neuropsychiatric
examination as a part of the delirium reference standard.
This issue of delirium diagnostic techniques used for the refer-
ence standard is important because daily mental status testing
and application of a validated diagnostic algorithm greatly

increase estimates of delirium prevalence compared with
methods that are less rigorous.30 It is possible that as a
result, the reference rater may have detected more subtle
mental status changes and included more mild cases of delir-
ium, therefore resulting in poorer sensitivity when comparing
the other screening tools to this diagnostic standard. The
current analysis does not include a severity measure of delir-
ium and future work should include this comparison. Other po-
tential sources of discordance in diagnosis include the NuDESC
relying solely on the rater’s observations of the patient and
offers little standardization of how to rate the presence and se-
verity of its five features of delirium; hence, variation in NuDESC
ratings may have contributed to these differences in findings
compared with prior studies. Further standardization of the
instrument’s administration and evaluation of inter-rater reli-
ability are important areas for development.

Strengths of our study include a rigorous design in which
the screening tools and neuropsychiatric examination were
administered with each result blinded from the others,
yet all performed close in time, with examiners receiving ex-
tensive training and demonstrating high agreement on
quality assurance evaluations with expert raters. In addition,
the neuropsychiatric examination, which provided the basis
for the reference rater diagnosis, included direct cognitive
testing and daily mental status examination of the patient,
and also review of collateral information from the medical
chart, nursing staff and family regarding the patient’s
mental state.

The study also has potential limitations. First, the NuDESC
was administered by trained research staff rather than the
nurse caring for the patient; hence, it is unclear if the results
would have differed if administered directly by the nurses.
Given the desire for very high-inter-rater reliability, the neces-
sity for blinding among assessors, and completing all three de-
lirium evaluations within a short-time frame, it was not feasible
to rigorously train 120 nurses working in PACU and surgical
wards in use of NuDESC for this study. However, in the current
study, the research staff observed the patient and interviewed
the patient’s nurse for scoring of each of the five NuDESC fea-
tures, as done in prior studies that reported sensitivities of
87–95% in the PACU16 and inpatient surgical wards.7 These
studies may have detected the more noticeable hyperactive
patients with mainly emergence delirium (generally referred
to as agitated emergence from anaesthesia and brief in

Table 1 Characteristics of the patient population. Percentages
may not add to 100% because of rounding. *Evaluated before
surgery; 3 scores missing. †At time of surgery

Total (n591)

Age in years, mean (SD) 79 (6)

Women, n (%) 53 (58)

Race, n (%)

White 81 (89)

Black 8 (9)

Asian 2 (2)

Education, n (%)

Less than high school 25 (28)

High school diploma, or equivalent 25 (28)

Any college 30 (33)

Post-graduate 11 (12)

Living independently in own home, n (%) 71 (78)

Mini-Mental Status Exam (MMSE) score, mean (SD)* 25 (3)

Charlson Comorbidity Index, mean (SD) 2.2 (2.2)

ASA score† .2, n (%) 58 (64)

Type of surgery, n (%)

Urinary and gynaecologic 25 (28)

Gastrointestinal 10 (11)

Orthopaedics 31 (34)

Other 25 (28)

Table 2 Characteristics of the anaesthesia drugs and administration dosages. *Student’s t-test. †Two patients received no narcotics
intra-operatively and neither developed delirium. ‡Nine patients received no propofol: five developed delirium, four did not. }Forty-seven patients
received no midazolam: 22 developed delirium, 23 did not. §Fifty-four patients received no narcotics in the PACU: 26 developed delirium, 29 did not

Drug, mean dose (SD) All patients (n591) No PACU delirium (n550) PACU delirium (n541) P-value*

Narcotic (intra-operative)†, mg of morphine equivalents
per kg

0.23 (0.02) 0.23 (0.02) 0.24 (0.02) 0.86

Propofol (intra-operative)‡, mg per kg 2.0 (1.9) 1.9 (1.0) 2.2 (2.5) 0.43

Midazolam (intra-operative)}, mg per kg 0.01 (0.02) 0.01 (0.01) 0.01 (0.02) 0.61

Narcotic (in PACU)§, mg of morphine equivalents per kg 0.006 (0.002) 0.008 (0.004) 0.004 (0.002) 0.23
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duration) and hyperactive delirium subtypes lasting well into
the postoperative period instead of both hyperactive and
hypoactive subtypes.31 Further work is required to compare
the validity of this instrument, administered directly by PACU
and surgical ward nurses, against a DSM-IV-based delirium ref-
erence standard that includes neuropsychiatric examination.

Secondly, the study focused only on elderly patients and
wasconducted at a single hospital, which may limit generaliza-
bilty of the findings. However, our sample included all types of
surgeries requiring general anaesthesia compared with prior
studies that focused on delirium after a single type of
surgery, such as hip fracture or cardiac procedures. Hence,
these findings are more generalizable to the elderly surgical
population at large. Restricting our study to elderly patients
helped ensure that we were studying individuals at high risk
of delirium in the postoperative setting and increased power
of this study.

In conclusion, in our single-site study of elderly patients in
the PACU and wards after general anaesthesia and surgery,
the CAM-ICU and NuDESC screening instruments were not ap-
propriate for routinely detecting delirium. Refinement of these
instruments’ content and scoring, and evaluation of new tools
are appropriate given the high prevalence of delirium in post-
operative elderly patients and its negative impact on patient
outcomes.
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Table 3 Diagnostic test characteristics of CAM-ICU and NuDESC delirium screening tools vs a DSM-IV-based delirium diagnosis using NPE. NPE,
neuropsychiatric examination; CI, confidence interval. *Two assessments missing in PACU and three assessments missing on the surgical ward
because of unavailability of blinded staff member. †Two assessments missing on the surgical ward because of unavailability of blinded staff
member. ‡Adjusted for the repeated assessments of individual patients using generalized linear mixed models with a random effect for each
patient

CAM-ICU* NuDESC† (scoring threshold ≥2) NuDESC† (scoring threshold ≥1)

Evaluation in
recovery room

Repeated evaluations
in recovery room and
inpatient ward‡

Evaluation in
recovery room

Repeated evaluations
in recovery room and
inpatient ward‡

Evaluation in
recovery room

Repeated evaluations
in recovery room and
inpatient ward‡

Patient days of
evaluation

89 252 91 255 91 255

Delirium
prevalence per
NPE, %

45 32 45 32 45 32

k-statistic,
(95% CI)

0.28 (0.12–
0.44)

0.24 (0.16–0.32) 0.25 (0.07–
0.43)

0.23 (0.13–0.33) 0.48 (0.28–
0.68)

0.42 (0.30–0.54)

Sensitivity, %
(95% CI)

28 (16–45) 28 (17–42) 32 (19–48) 29 (19–42) 80 (65–91) 72 (60–82)

Specificity, %
(95% CI)

98 (88–100) 100 (97–100) 92 (80–97) 96 (92–98) 69 (54–80) 80 (73–85)

Positive predictive
value, % (95% CI)

92 (60–100) 98 (73–100) 76 (50–92) 73 (52–87) 67 (52–80) 58 (47–68)

Negative
predictive
value, % (95% CI)

64 (52–74) 83 (78–88) 62 (50–73) 79 (73–84) 81 (66–91) 88 (82–93)

Positive likelihood
ratio, (95% CI)

14 (2–105) 33 (4–244) 4 (1–11) 5 (2–11) 3 (2–4) 3 (2–4)

Negative
likelihood ratio,
(95% CI)

0.7 (0.6–0.9) 0.8 (0.7–0.9) 0.7 (0.6–0.9) 0.8 (0.7–0.9) 0.3 (0.2–0.5) 0.5 (0.3–0.6)
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