
British Journal of Anaesthesia, 122 (6): 742e750 (2019)

doi: 10.1016/j.bja.2019.02.027

Advance Access Publication Date: 17 April 2019

Neuroscience and Neuroanaesthesia
N E U R O S C I E N C E AND N E U R O ANA E S T H E S I A

Subjective cognitive complaints in patients

undergoing major non-cardiac surgery: a

prospective single centre cohort trial

Stacie Deiner1,*, Xiaoyu Liu1, Hung-Mo Lin1, Frederick Sieber2,

Kenneth Boockvar1,3, Mary Sano1,3 and Mark G. Baxter1

1Gustave Levy Place, Icahn School of Medicine at Mount Sinai, New York, NY, USA, 2Johns Hopkins Bayview

Medical Center, Baltimore, MD, USA and 3James J. Peters VA Medical Center, Bronx, NY, USA

*Corresponding author. E-mail: Stacie.deiner@mssm.edu

This work was presented at the ASA Meeting 2018, San Francisco, CA, USA, and Beeson Retreat 2018, Charlotte, NC, USA.
Abstract

Background: Few perioperative studies have assessed subjective cognitive complaint (SCC) in combination with neu-

ropsychological testing. New nomenclature guidelines require both SCC and objective decline on cognitive testing. The

objective of our study was to compare SCC and neuropsychological testing in an elderly surgical cohort.

Methods: This was a secondary analysis of a prospective cohort trial at a single urban medical centre. We included

patients older than 65 yr, undergoing major non-cardiac surgery with general anaesthesia. Those with dementia or

inability to consent were excluded, as were those undergoing emergency, cardiac, or intracranial procedures. Patients

completed a neuropsychiatry battery before and 3 months after surgery. SCC was defined utilising the single question:

‘do you feel that surgery and anaesthesia have impacted your clarity of thought?’ Objective cognitive decline was defined

as 1 standard deviation decline from the baseline of the cohort.

Results: Of the 120 patients who completed assessments, 16/120 (13%) had SCC after surgery, and 41/120 (34%) had

objective decline. The sensitivity of SCC in relation to objective decline was 24% and specificity was 92%. Of the patients

with SCC, 43.8% were screened positive for depression after surgery compared with 4.9% without SCC; P¼0.001.

Conclusions: Many patients with objective cognitive decline did not report SCC. There appears to be a relationship be-

tween SCC and depression. The use of SCC in surgical patients to define postoperative neurocognitive disorders needs to

be better delineated.
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Editor’s key points

� Cognitive decline after surgery is a controversial

determination, and structured cognitive tests as well as

patients’ subjective perceptions might be informative.

� In this study of 120 older adults undergoing major non-

cardiac surgery, arbitrary criteria were specified to

indicate subjective and objective postoperative cogni-

tive decline.

� At 3 months after surgery, 13% of patients fulfilled the

arbitrary definition of subjective cognitive decline and

34% met the arbitrary criteria for objective cognitive

decline, but only 25% of those with objective decline

also reported subjective complaints.

� According to the arbitrary criteria used in this study,

there is a considerable disagreement between subjec-

tive and objective determination of postoperative

cognitive decline.
Few perioperative studies have assessed subjective cognitive

complaint (SCC) in conjunction with neuropsychological

testing.1 We do not know which older surgical patients are

likely to have SCC after surgery, and whether there is an

agreement between SCC and cognitive decline measured by

testing in surgical patients. Recently, members of the Inter-

national Perioperative Neurotoxicity Working Group have

proposed a nomenclature system to align postoperative

cognitive decline (POCD) with the Diagnostic and Statistical

Manual of Mental Disorders, Fifth Edition (DSM-5) definition of

neurocognitive disorders (NCDs).2 The DSM-5 states that both a

cognitive concern by the individual, informant, or clinician,

and objective evidence are required for a diagnosis of NCD.3

The Nomenclature Consensus Panel endorsed this definition,

and defined postoperative NCD as occurringmore than 30 days

and less than 1 yr after surgery. Patients were further classified

by whether they maintained previous activities of daily living

(ADL) (minor NCD) or had impaired ADL (major NCD). The

proposed new nomenclature, if adopted, will change which

patients are classified as having a cognitive problem, because

it requires both objective decline on cognitive testing (1e2

standard deviation [SD] negative change) and SCC by the indi-

vidual or an informant (caregiver or physician).

There are many reasons that SCC and objective neuropsy-

chological testing may not agree. The current practice of

defining patients as impaired or unimpaired based on objec-

tive testing may not capture the experience of patients who

notice subtle changes, but still performwell within the normal

range for their age. This ismost often the case for patients who

were high performers before the possible cognitive decline.

Also, low performers might decline cognitively, but without

exceeding a test threshold for cognitive change. Not all tests

within a battery will agree with SCC; for example, patients

may notice memory issues more than processing speed. SCC

may also vary with level of impairment; in patients with Alz-

heimer’s disease, as the impairment increases, individuals

may not be aware of their deteriorating cognition.4,5 The

relationship between SCC and objective cognitive perfor-

mance in the perioperative period may differ because of acute

changes related to surgery rather than insidious changes as a

result of neurodegenerative disease.

The aim of this study was to examine the relationship be-

tween SCC and objective testing in surgical patients. The
hypothesis was that patients with objective cognitive decline

would also have SCC.
Methods

The study was a secondary analysis of a prospective cohort

trial (optimizing postoperative cognition in the elderly: PRE-

SERVE) registered with ClinicalTrials.gov (NCT02650687) at the

Icahn School of Medicine at Mount Sinai, New York, NY, USA,

which is an urban academic medical centre. In brief, we

recruited English-speaking patients over the age of 65 yr hav-

ingmajor non-cardiac surgery with general anaesthesia.Major

surgery was defined as at least a 2-day hospital stay, but pa-

tients with history of dementia or inability to consent for

themselves, and cardiac, intracranial, or emergency surgery

were excluded. The study was approved by the Mount Sinai

Institutional Review Board, and all subjects provided written

informed consent.

The primary purpose of the parent PRESERVE study was to

perform cognitive testing, including analysis of domain-based

change, and to measure intraoperative raw EEG and post-

operative cognition. (There was no intervention.) The aims

were to examine (i) cognitive dysfunction after surgery by

domain, and (ii) the relationships between processed EEG

indices, burst suppression, and cognitive dysfunction. We

performed a secondary analysis of 120 patients with in-depth

cognitive testing before and after surgery. To assess SCC, pa-

tients were asked a single, simple subjective question: ‘did

surgery impact your clarity of thought?’ We compared SCC to

objective testing after surgery, reporting both different

thresholds of ‘impairment’ and looking at clusters of tests as

functional ‘domains’.
Cognitive testing

All patients were assessed with a neuropsychological battery

before surgery (within 30 days, but at least 24 h prior) and

again at 3 months after surgery. We used the Uniform Data Set

Battery II from the Alzheimer’s Disease Research Centers.6 The

test battery included Trails A and B, digit span forward and

backward, Wechsler Adult Intelligence Scale (WAIS), Logical

Memory Story A, immediate and delayed recall, animal and

vegetable lists, and Boston naming. We also added the Cali-

fornia Verbal Learning Test (CVLT).7 Testing was performed by

trained research coordinators, and all efforts were made to

ensure that the patients were in a quiet environment, in most

cases in their homes. Patients also completed the Mini-Mental

State Examination before surgery and at 3 months after sur-

gery.8,9 The question regarding subjective cognition was taken

from the Postoperative Quality of Recovery Scale, as described

by Royse and colleagues.10 The question posed was: ‘do you

feel that the surgery negatively impacted your clarity of

thought?’ The response options for the question were not at

all, minimally, moderately, and severely. We dichotomised

these to report as no SCC (response: not at all) vs SCC (re-

sponses of minimally, moderately, or severely).
Anaesthesia and surgery

Patients had major non-cardiac surgery with general anaes-

thesia. Anaesthesiologists received minimal directions

regarding anaesthetic choice, as most previous studies have

not found evidence that anaesthetic technique or choice (e.g.

total i.v. anaesthesia vs volatile-agent-based anaesthesia)

http://ClinicalTrials.gov
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significantly impacts cognitive outcomes.11e15 Anaesthesiolo-

gists were instructed to not administer midazolam, nitrous

oxide, ketamine, and etomidate. Intraoperative variables were

recorded, including blood pressure, measured anaesthetic

concentrations, drugs administered (e.g. opioids), and dura-

tion of surgery and anaesthesia. Patients were generally

extubated at the end of surgery and transferred to the recovery

area or the ICU.

Researchers interviewed patients and noted their charac-

teristics and co-morbidities. These details were also extracted

from themedical record. Pain was assessed using the Geriatric

Pain Measure,16 which is reliable in older patients with mul-

tiple medical problems. Depression and anxiety symptom-

atology were measured using the Hospital Anxiety and

Depression Scale (HADS),17,18 which identifies emotional

distress and has sub-scores for anxiety and depression. Data

were stored in a Research Electronic Data Capture (Nashville,

TN, USA) database.19
Analysis

Baseline characteristics (e.g. age, sex, and ASA physical status

score) and the HADS17 were compared between patients with

and without SCC, using parametric or non-parametric tests.

Continuous variables are presented as mean (SD), and cate-

gorical variables as count (%).
Cluster analysis

For each cognitive test, the individual scores obtained before

operation and 3 months after surgery were normalised to

create z-scores. (The difference between the individual score

and the preoperative average was divided by the preoperative

SD.) Before normalisation, logarithmic transformation was

performed for Trails A and B, and the sign was corrected so

that when change scores were created, higher values were

always ‘better’. The group comparison of changes in cognitive

score from preoperative to 3 months was adjusted for their

respective preoperative score using least-squares regression.

Cluster analysis was used to perform grouping of the

cognitive tests in the manner presented by Price and col-

leagues.20 The variable cluster analysis procedure in SAS

(version 9.4, SAS Institute, Cary, North Carolina, USA) was

implemented to find clusters of cognitive tests that were

correlated as closely as possible within the group and not with

tests in other clusters. The algorithm was binary and divisive;

at the beginning of the analysis, all cognitive tests start in one

cluster and splitting continues until a stopping criterion (based

on eigenvalues) is reached. The factor analysis generated

factor structures similar to the clustering generated by the

cluster analysis procedure.
Identification of decline

We calculated the change in z-score from preoperative to 3

months. Change z-scores within a cluster were added to

obtain the cluster-specific score. The practice effect was

calculated as the average of the domain-specific change scores

across all individuals.20 The difference between an in-

dividual’s domain-specific change score combined with the

practice effect was compared with the average score of the

study cohort before operation. Patients with a decline of 1 or

more SD were defined as having cognitive decline in that

cluster. We also reported a group characterised by a decline in
any cluster. We chose to use this surgical cohort as the

normative group because they were lower scoring before

surgery in almost every test relative to age normative data.6

This was true despite the fact that the patients were overall

highly educated. Additionally, we repeated the analysis using

e1.5 SD and e2 SD thresholds for classification of decline; the

former is the cut-off formild cognitive impairment (MCI)21 and

allows assessment of more substantial decline. We calculated

the percentage of patients that had objective or subjective

evidence of postoperative cognitive decline, and the percent-

age that would be classified as having the objective and sub-

jective components of DSM-5 NCD.

Finally, we performed a test of agreement between the SCC

and objective testing, and reported the Cohen’s kappa statistic

for all clusters and 1, 1.5, and 2 SD.
Results

In total, 141 patients met the inclusion criteria, of whom 132

proceeded to surgery and 12 patients dropped out of the study

at 3 months post-surgery (9%). The most common reason for

lack of follow-up was social (e.g. need to be a caregiver and

moved out of area), followed by medical illness that precluded

testing (see Fig. 122). The average age was 71.4 (66.3e76.5) yr

old; 81.5% were white, 55%were female, and the average years

of education was 15.8 (3.8). Of the patients, 60% were classified

as ASA physical status, the most common surgery was spine

surgery (42.5%), the secondmost commonwas general surgery

(29.2%), and the average surgical duration was 188.4 (96) min

(Table 1).

Table 2 shows the normalised objective change scores

adjusted for baseline performance and composite cluster

scores, as described in the Methods section. The cluster

analysis divided the z-score data from the cognitive testing

battery into three clusters. The memory/language cluster

included category fluency (animals and vegetables) and

logical memory (immediate and delayed recall). The execu-

tive function cluster included Trails A and B, digit span

forward and backward, Boston naming, and WAIS. The CVLT

(immediate and delayed), which is a measure of episodic

verbal learning, was its own cluster.23 The incidence of

cognitive decline at the 1 SD level was 34% (41/120), 15.8%

(19/120) of patients at 1.5 SD, and 8.3% (10/120) at 2 SD. Among

the 120 patients tested at both preoperative and 3 months

post-surgery, 16/120 (13%) endorsed SCC 3 months after

surgery, 104 felt their cognition was ‘not at all affected’, and

16 felt they were ‘impacted by surgery’, of whom nine

endorsed ‘minimally’ and seven ‘moderately’ impacted

(Table 3).

More of the patients with SCC had a history of depression

before surgery (31%) compared with patients without SCC

(11%), although the proportion of patients who screened pos-

itive for depression before surgery was not significantly

different between patients who did and did not go on to

endorse SCC (6.7% vs 6.3%). After surgery, a much larger pro-

portion of patients with SCC screened positive for depression

(43.8%) compared with patients who did not have SCC (4.9);

P¼0.001. Anxiety after surgery was more prevalent in patients

with SCC (25%) compared with those without (9.7%), although

this difference was not statistically significant (P¼0.08).

Furthermore, patients with SCC had higher pain scores at 3

months after surgery and on average were in moderate-to-

severe pain (Table 2). The preoperative cognitive testing

scores of category fluency (vegetables), digit span backward,



Fig 1. Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) diagram.
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andWAIS digit symbol were all worse in patients who went on

to have SCC.

Of patients who reported SCC, 10/16 (62.5%) had cognitive

decline in at least one cluster. At the 1.5 SD level, of patients

who reported SCC, only 5/16 (30%) had decline, and at the 2 SD

level of patients who reported SCC, only three/16 (20%) had

decline. Of patients with >1 SD decline in any test from base-

line, only 10/41 (24%) endorsed SCC. Only five/16 patients with

executive dysfunction reported SCC, eight/20 patients with

CVLT decline had SCC, and three/19 patients with memory/

language dysfunction had SCC (Fig. 2).

The percentage of all patients who had both objective and

subjective evidence of postoperative cognitive decline (i.e. the

percentagewhowould be classified as having DSM-5 NCD)was

10/120 (8.3%).

At the 1 SD level, the overall sensitivity of the SCC for any

cognitive change was 24%, the specificity was 92%, the nega-

tive predictive value was 70%, and the positive predictive value
was 62.5%. The CVLT or the executive function cluster had

sensitivities of 60% and 31%, respectively, and both together

had specificity and negative predictive value of >90%. SCC had

60% positive predictive value for change in CVLT, and 31% for

the executive function cluster. Taken together, the sensitivity

of SCC was not very high, but the specificity and negative

predictive value were much higher.

The kappa statistics relating SCC to decline in cognitive

measures were all very low, with none exceeding 0.35 (Sup-

plementary Appendix), consistent with the low sensitivity of

SCC for objective cognitive change.
Discussion

This study found a substantial disagreement between SCC and

decline based on objective cognitive test performance at 3

months post-surgery. Over a third of the patients (41/120) had

objective cognitive decline of 1 SD or more relative to their own



Table 1 Comparison of patients with andwithout subjective cognitive complaint (SCC) at baseline. Continuous variables are presented
as mean (standard deviation) or median (Q1, Q3), and categorical variables as count (%). Univariate comparisons used Fisher’s exact
test, Wilcoxon rank sum test, or c2 test as appropriate. CVLT, California Verbal Learning Test; MMSE, Mini-Mental State Examination;
WAIS, Wechsler Adult Intelligence Scale.

n Total, n¼120 No SCC, n¼104 SCC, n¼16 P-value

Patient characteristics
Age (yr) 120 71.43 (76.52, 66.3) 71.34 (76.81, 65.96) 72.06 (74.58, 69.54) 0.19
Education (yr) 120 15.83 (3.80) 15.94 (3.55) 15.06 (5.18) 0.57
Race/ethnicity 118 0.74
Black Hispanic 2 (1.7) 2 (1.9) 0
White Hispanic 6 (5.1) 5 (4.8) 1 (6.7)
Black non-Hispanic 20 (16.9) 17 (16.5) 3 (20)
White non-Hispanic 90 (76.3) 79 (76.7) 11 (73.3)

Sex 120 0.33
Male 54 (45) 45 (43.3) 9 (56.3)
Female 66 (55) 59 (56.7) 7 (43.7)

Preoperative mood
Depression score >8 120 8 (6.7) 7 (6.7) 1 (6.3) 0.94
Depression score �8 112 97 (93.3) 15 (93.8)
Anxiety score >8 27 (23) 21 (20.2) 6 (37.5) 0.12
Anxiety score �8 93 (77.5) 83 (79.8) 10 (62.5)
History of depression 120 0.05
No 103 (85.8) 92 (88.5) 11 (68.7)
Yes 17 (14.2) 12 (11.5) 5 (31.3)

History of anxiety 120 0.49
No 98 (81.7) 86 (82.7) 12 (75.0)
Yes 22 (18.3) 18 (17.3) 4 (25.0)

Geriatric pain measure 120 39.17 (29.94) 38.58 (30.28) 42.99 (28.25) 0.63
ASA physical status 120 0.51
2 42 (35) 36 (34.6) 6 (37.5)
3 74 (61.7) 65 (62.5) 9 (56.3)
4 4 (3.3) 3 (2.9) 1 (6.2)

Surgery category 120 0.75
Spine 51 (42.5) 43 (41.4) 8 (50.0)
Thoracic 12 (10) 10 (9.6) 2 (12.5)
Urologic 22 (18.3) 19 (18.3) 3 (18.7)
General 35 (29.2) 32 (30.8) 3 (18.7)

Postoperative status
Surgery duration (min) 120 188.40 (95.98) 186.34 (95.05) 201.81 (104.04) 0.61

Baseline test scores
CVLT immediate 120 7.64 (2.73) 7.73 (2.72) 7.06 (2.82) 0.34
CVLT delayed 120 7.61 (2.92) 7.69 (2.86) 7.06 (3.36) 0.59
CVLT recognition 120 12.98 (2.21) 12.88 (2.23) 13.56 (2.06) 0.31
Logical Memory immediate recall 120 12.33 (3.83) 12.35 (3.93) 12.25 (3.24) 0.99
Logical Memory delayed recall 120 10.92 (3.83) 10.92 (3.86) 10.88 (3.76) 0.95
Cat fluency (animals) 120 18.8 (5.71) 19.02 (5.72) 17.38 (5.61) 0.22
Cat fluency (vegetables) 120 13.93 (4.43) 14.38 (4.47) 11.00 (2.90) 0.003
Digit span forward 120 6.43 (1.14) 6.46 (1.16) 6.25 (1.00) 0.45
Digit span backward 120 4.38 (1.29) 4.48 (1.29) 3.75 (1.13) 0.04
Trail A time 120 36 (28, 43.5) 34.5 (27, 43) 38 (33.5, 46.5) 0.093
Trail B time 118 100 (72, 133) 97 (69, 123) 142.5 (95, 265.5) 0.003
WAIS digit symbol 120 43.24 (12.78) 44.57 (11.90) 34.63 (15.23) 0.02
Boston naming 120 26.56 (2.92) 26.62 (2.85) 26.19 (3.43) 0.82
MMSE 120 28.56 (1.82) 28.67 (1.70) 27.81 (2.40) 0.08
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baseline cognitive performance on one or more cognitive do-

mains, but only about 25% of these had SCC. Therefore, the

answer to the question: ‘do you know you have POCD?’ ap-

pearsmost often to be ‘no’. These findings have an implication

for the proposed nomenclature in that it will exclude a lot of

patients who previously would have been defined as having

‘dysfunction’. An argument can be made that, if the patient or

family does not notice the impairment, it may not be signifi-

cant. However, without additional studies, which include

functional outcomes, we do not know whether this is correct.
There is evidence suggesting that SCC in the absence of

measurable cognitive decline is one of the signs of preclinical

dementia.24 About a third of the patients in the current study

with SCC did not have measurable decline. However, studies

suggest that patients with SCC are at greater risk for decline

than those without SCC.25 In patients with MCI, SCCs are

closely related to instrumental ADL decline.26 Therefore, it

seems that patients (i) with SCC and no objective cognitive

decline, or (ii) with objective cognitive decline without SCC

need further evaluation. Referral to a neuropsychologist,



Table 2 Comparison of patients with and without subjective cognitive complaint (SCC) at 3 months, including normalised test and
cluster change scores. *Continuous variables are presented as mean (standard deviation) or median (Q1, Q3), and categorical variables
as count [%]. ƗFor log-transformed change scores, log transformation was taken first, the sign was reversed, and then the difference
was taken. CVLT, California Verbal Learning Test; MMSE, Mini-Mental State Examination; WAIS, Wechsler Adult Intelligence Scale.

n Total No SCC, n¼104 SCC, n¼16 P-value

CVLT composite 0.001
Decline 20 12 (11.5) 8 (50)*
No 100 92 (88.5) 8 (50)*

Tests
CVLT immediate 120 1.28 (2.53) 1.41 (2.44) 0.44 (3.01) 0.10
CVLT delayed 120 1.29 (2.45) 1.53 (2.05) e0.25 (3.97) 0.002
CVLT recognition 120 0.88 (2.04) 1.07 (2.03) e0.38 (1.67) 0.02

Memory Language composite 0.7
Decline 19 16 (15.3) 3 (18.7)
No 101 88 (84.6) 13 (81.3)

Tests
Logical Memory immediate recall 120 0.91 (3.06) 0.98 (3.19) 0.44 (2.03) 0.39
Logical Memory delay recall 120 1.02 (3.29) 1.08 (3.42) 0.63 (2.31) 0.55
Cat fluency (animals) 120 e0.36 (4.65) e0.30 (4.71) e0.75 (4.33) 0.38
Cat fluency (vegetables) 120 e0.63 (3.19) e0.70 (3.30) e0.19 (2.34) 0.38

Executive function composite 0.04
Decline 16 11 (10.6) 5 (31.2)
No 104 93 (89.4) 11 (68.8)

Tests
Digit span forward 120 e0.03 (1.02) e0.03 (0.99) 0.00 (1.21) 0.85
Digit span backward 120 0.06 (1.15) 0.03 (1.18) 0.25 (0.93) 0.90
Log Trail AƗ 119 0.00 (0.32) 0.01 (0.32) e0.10 (0.35) 0.18
Log Trail BƗ 116 0.02 (0.35) 0.01 (0.36) 0.06 (0.31) 0.83
WAIS digit symbol 119 e0.80 (5.97) e0.53 (5.92) e2.50 (6.22) 0.15
Boston naming 119 0.40 (1.83) 0.44 (1.85) 0.19 (1.80) 0.607

MMSE score 120 e0.27 (1.66) e0.17 (1.55) e0.88 (2.22) 0.04
Decline in any composite 0.01
Decline 41 31 (29.8) 10 (62.5)
No 79 73 (70.2) 6 (37.5)

Postoperative mood
Depression score >8 119 12 (10)* 5 (4.9) 7 (43.8) 0.001
Depression score �8 107 (89.9) 98 (95.2) 9 (56.3)
Anxiety score >8 119 14 (11.8) 10 (9.7) 4 (25)* 0.08
Anxiety score �8 105 (88.2) 93 (90.3) 12 (75)*
Geriatric pain measure 120 30.03 (28.72) 28.06 (28.25) 42.84 (29.41) 0.04
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particularly if symptoms persist, can help clarify the type of

impairment and its implications.27

SCCs are related most closely to episodic memory in pa-

tients with MCI.28 We also found that some types of decline

weremore closely related to SCC than others. For example, the

CVLT was related to SCC, whereas the memory/language

cluster composed of other memory tests and tests of category

fluency and naming was not related. This differential aware-

ness of impairment suggests that patients notice decline on

tests that place a greater demand on attentional resources, as

in the CVLT, with interleaved distractor lists.

Community-based studies have found that SCC is related to

depressive symptoms.29 In the current study, patients with

SCCmore often had a history of depression before surgery and

screened in for depression after surgery. Whether surgical

patients are depressed after surgery or have medical problems

with symptomatology, which overlaps with depression (e.g.

slowing and sleep disturbance) is unclear. In any case,

depression may be an important factor in cognitive recovery

after surgery, has mechanistic implications, and is potentially

treatable. However, anaesthesia clinicians may be reluctant to

screen for depression, as it is generally outside of their scope

of practice. It is unclear whether depression in the perioper-

ative period is a marker of somatic problems or an
independent feature that predicts the development of cogni-

tive impairment. Regarding the latter, there is extensive

literature showing that geriatric depression often presents as

complaints aboutmemory and cognitive function, but also can

accompany MCI.30e32 Additionally, some of the signs of

depression are also markers of a physical problem (e.g. fatigue

and frailty).18 Furthermore, patients with SCC had higher pain

scores at 3 months after surgery and, on average, were in

moderate-to-severe pain. Painmay have impacted theirmood,

ability to perform on objective testing, and SCC. Future studies

should focus on the role of chronic pain after surgery in

cognitive recovery for older adults.
Limitations

The way that we assessed SCC may have underestimated the

number of patients who noticed a negative change in their

cognition. In the current study, the SCC question was: ‘did the

surgery negatively impact your clarity of thought?’ The term

‘clarity’ may not signify cognitive performance to patients. A

previous study in middle-aged surgical patients used a more

in-depth questionnaire and found that half the patients with

decline had SCC.1 In our study, patients may have attributed

their ‘clarity of thought’ to other parts of the recovery process,



Table 3 Sensitivity, specificity, negative predictive value (NPV), and positive predictive value (PPV) of subjective cognitive complaint for
types of cognitive decline.

Any cognitive
decline (%)

California verbal
learning test decline (%)

Executive
decline (%)

Memory language
decline (%)

Prevalence 34.0 16.0 13.0 15.8
Sensitivity 24.0 60.0 31.0 15.8
Specificity 92.0 92.0 90.0 87.1
NPV 70.0 92.0 90.0 84.6
PPV 62.5 60.0 31.0 18.8
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such as sleep changes, medication use, or illness. Additionally,

cognition may not be at the forefront of patients’ concerns

because other recovery priorities, such as physical therapy,

are paramount. The new nomenclature for postoperative

cognitive changes2 allows the subjective informer to be the

patient, family, or even the patient’s clinician. We did not

solicit impressions of SCC in our patients from caregivers or

physicians.

It is possible that the patients’ awareness of their cognitive

battery performance influenced the report of SCC, but this is

unlikely because an agreement between the two was low. It is

likely that patients noticed tests where they truly performed

worse, rather than tests where they failed to demonstrate a

practice effect (see, e.g. CVLT vs executive function in Table 2).

Failure to demonstrate a practice effect may not be amarker of

cognitive injury, and therefore, it will be important to under-

stand whether true decline vs lack of practice effect has the

same implications for postoperative function. The periopera-

tive cognition literature has focused on decline; however,

resilience and improvement are an important area for future

studies. We see that a subset of patients demonstrate

improved test scores at 3 months after surgery. Simply

ascribing improvement to ‘practice effects’ may not capture

the salient features of patients or techniques that support re-

covery. Another limitation of the study was that a small
Fig 2. Number of participants with decline at 1, 1.5, and 2

standard deviation (SD) and reporting subjective cognitive

complaint. CVLT, California Verbal Learning Test.
proportion of patients (16/120) reported SCC at 3 months after

operation. Although some patients dropped out of the study

between the preoperative assessment and 3 months follow-

up, the dropout rate was less than 10%, and most dropouts

were related to social or medical issues. An analysis of the

preoperative cognitive tests of the dropouts suggests that they

were not consistently lower performers. We did not use con-

trol subjects, but rather compared patients to the SD of the

cohort at baseline. Surgical patients tend to score lower than

age- and education-matched community-dwelling older

adults, and have confounding conditions, such as depression

and intrusive pain. Therefore, it is likely that a comparison to

non-surgical controls would classify more patients as

‘impaired’. Although the lack of a control group for a direct

comparison precludes the use of a reliable change index or

similar approaches, our method is generally more conserva-

tive and, if anything, wouldmiss patientswith smaller ormore

subtle change.
Future directions

In light of the nomenclature recommendations,2 it is impor-

tant to understand the significance of SCC in surgical patients.

SCC may be a harbinger of impairment; a longitudinal follow-

up of patients with complaints, but not objective change, could

demonstrate whether there is an abnormal decline over sub-

sequent years, analogous to patients with Alzheimer’s dis-

ease.33 A translational study could investigate whether

patients with SCC also demonstrate higher concentrations of

biomarkers of Alzheimer’s or neural injury, or to see if there is

evidence of Alzheimer’s pathology on imaging. The role of

depression for older adults on post-surgical recovery in the

perioperative period is unexamined. Even descriptive infor-

mation regarding the incidence and trajectory of depression in

the context of postoperative cognition would be helpful, as

depression is often treatable. This would give insight into

whether mitigation of depressed mood also leads to the res-

olution of SCC or impaired performance on neuropsychologi-

cal tests. Finally, patients with SCC had moderate-to-severe

pain 3 months after surgery. Future studies could focus on the

role of chronic pain after surgery in cognitive recovery for

older adults.
Summary

In conclusion, this study suggests that the use of SCC in sur-

gical patients to define NCD needs to be better delineated.

Many patients do not know theymeet the criteria for objective

cognitive decline after surgery. There is a high prevalence of

depression in patients who feel impaired. More studies are
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needed to better understand the role of depression and

potentially anxiety in cognitive recovery after surgery. Corre-

lation with functional and longer-term outcomes may shed

some light on which whether SCC alone, objective testing

alone, or the combination is most useful. In any case, patients

with persistent cognitive complaints after surgery should be

referred for evaluation to help better understand the nature of

their impairment and create a supportive environment to

promote recovery.
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