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Background: The link between exposure to general anaesthesia and surgery (exposure) and cognitive decline in older
adults is debated. We hypothesised that it is associated with cognitive decline.

Methods: We analysed the longitudinal cognitive function trajectory in a cohort of older adults. Models assessed the rate
of change in cognition over time, and its association with exposure to anaesthesia and surgery. Analyses assessed
whether exposure in the 20 yr before enrolment is associated with cognitive decline when compared with those unex-
posed, and whether post-enrolment exposure is associated with a change in cognition in those unexposed before
enrolment.

Results: We included 1819 subjects with median (25th and 75th percentiles) follow-up of 5.1 (2.7—7.6) yr and 4 (3—6)
cognitive assessments. Exposure in the previous 20 yr was associated with a greater negative slope compared with not
exposed (slope: —0.077 vs —0.059; difference: —0.018; 95% confidence interval: —0.032, —0.003; P=0.015). Post-enrolment
exposure in those previously unexposed was associated with a change in slope after exposure (slope: —0.100 vs —0.059 for
post-exposure vs pre-exposure, respectively; difference: —0.041; 95% confidence interval: —0.074, —0.008; P=0.016).
Cognitive impairment could be attributed to declines in memory and attention/executive cognitive domains.
Conclusions: In older adults, exposure to general anaesthesia and surgery was associated with a subtle decline in
cognitive z-scores. For an individual with no prior exposure and with exposure after enrolment, the decline in cognitive
function over a 5 yr period after the exposure would be 0.2 standard deviations more than the expected decline as a result
of ageing. This small cognitive decline could be meaningful for individuals with already low baseline cognition.
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Editor’s key points

e Longitudinal data from 1819 older adults in the Mayo
Clinic Study of Aging were analysed to assess the as-
sociation between exposure to general anaesthesia and
surgery and cognitive-decline trajectory.

e Compared with those not exposed, the decline in
cognitive function was steeper in those who were
exposed to anaesthesia and surgery in the 20 yr before
enrolment.

e For those with no prior exposure, the decline in cogni-
tive function was steeper for exposure after enrolment.

e General anaesthesia was associated with accelerated
cognitive decline beyond that expected for normal
ageing.

Dementia results from a complex interaction of multiple fac-
tors that include genes, age, co-morbidities, and environment.
Preclinical studies suggest that exposure to inhalational an-
aesthetics enhances brain neuropathology implicated in Alz-
heimer dementia.! Older adults are at risk for transient
postoperative cognitive dysfunction? characterised by
impairment of memory, attention, concentration, and execu-
tive function. Because these symptoms are also characteristic
of dementia, there is concern that this transient postoperative
dysfunction is the precursor to permanent cognitive impair-
ment, with evidence to both support>™® and refute’*! this
concern. Given the high frequency of surgery in older adults
and the substantial public health implications of dementia,
the potential link between exposure to general anaesthesia
and surgery (exposure) and cognitive decline is of concern.

Most studies that examine the association between
anaesthesia and cognitive decline use a binary time-to-event
outcome (e.g. dementia and pre-dementia).®>*'%1? These
diagnostic terms represent demarcations of convenience
along the continuum of declining cognition,’® and as such,
may not be sensitive enough to detect whether anaesthesia
and surgery affect cognition. With the introduction of the
diagnosis of mild cognitive impairment (MCI), a clinical entity
positioned between cognitively normal and dementia (MCI is
also known as pre-dementia),’* the ability to define the effects
of anaesthesia and surgery on cognitive impairment has
improved. However, the diagnosis of MCl itself has limitations
as an outcome measure because of the heterogeneity of its
prognosis (i.e. progression to dementia or reversion to
normal).’> We recently explored the association between
exposure to anaesthesia and incident MCI in older adults.®
Although we did not detect a statistically significant associa-
tion for exposure after the age of 40, we could not exclude the
possibility that more recent exposures (after age 60) are
associated with the development of MCI.

Longitudinal measurements of cognitive function provide
an opportunity to evaluate the trajectory of cognitive decline.
Compared with binary outcomes, the analysis of longitudi-
nally measured cognitive scores is a potentially more sensitive
approach to detect declines in cognition without relying on
diagnostic thresholds. Cognitive scores are commonly
expressed as z-scores, which denote how many standard de-
viations are between a given score and the mean value of a set
of scores derived from reference data. Prior studies have

examined cognitive trajectories before and after surgery and
anaesthesia,”’®'” but systematic, repeated assessments of
cognitive trajectories, as conducted in the present study, have
not been used to study the long-term consequences of
anaesthesia and surgery on cognition.

In this study, we used the resources of the Mayo Clinic
Study of Aging (MCSA), a large population-based cohort of
older participants in Olmsted County, MN, who undergo pro-
spective longitudinal cognitive assessments approximately
every 15 months.'® We tested the hypothesis that exposure to
anaesthesia and surgery is associated with an accelerated
decline in cognitive function. The primary outcome of interest
was the change in global cognitive domain score; the sec-
ondary outcomes were the domains of memory, attention/
executive function, language, and visuospatial skills.

Methods

This study conformed to the requirements of the Strength-
ening the Reporting of Observational Studies in Epidemiology
Statement, and was approved by the institutional review
boards of Mayo Clinic and Olmsted Medical Center, Rochester,
MN, USA. At enrolment, all subjects provided written informed
consent to participate in the study.

Selection of subjects

Study subjects were enrolled in the MCSA, an epidemiological
study of the prevalence, incidence, and risk factors for MCI and
dementia amongst Olmsted County residents.'® The present
study included non-demented participants (cognitively
normal or MCI) aged 70 through 91 years at baseline who had
assessments in the MCSA study from October 1, 2004, through
December 31, 2014, and had at least one follow-up MCSA visit.

Assessments

Details of the clinical evaluation at baseline and at each 15
monthly follow-up involved three evaluators and have been
described.'® Briefly, the evaluation by a study coordinator or a
nurse included assessment of patient-characteristic informa-
tion, medical history, years of education, memory (self-report),
and family history of dementia. A study partner (informant)
completed the Clinical Dementia Rating Scale’ to assess de-
mentia severity when present, and the functional activities
questionnaire to assess the participant’s functioning. Apoli-
poprotein €4 (APOE &4) allele (apolipoprotein E genotype; APOE)
genotyping was performed using standard methods.

The neurological evaluation by a physician included the
Short Test of Mental Status,’® modified Hachinski Ischemic
Scale,”"?” modified Unified Parkinson’s Disease Rating Scale,”
and a neurological examination. The neuropsychological
evaluation included assessment of four cognitive domains
using nine tests in a cognitive testing battery: (i) attention/
executive domain (Trail Making Test B and Digit Symbol Sub-
stitution Test),”*?> (ii) language (Boston Naming Test’® and
Category Fluency),” (iii) memory domain (Wechsler Memory
Scale—Revised Logical Memory II [delayed recall], Wechsler
Memory Scale—Revised Visual Reproduction-II (delayed
recall),?® and Auditory Verbal Learning Test (delayed recall),?
and (iv) visuospatial skills (Wechsler Adult Intelligence
Scale—Revised Picture Completion Test and Wechsler Adult
Intelligence Scale—Revised Block Design Test).”* To compute
the domain z-scores and overall global cognitive z-score, the
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means and standard deviations of raw test scores for subjects
who were cognitively normal in the MCSA 2004 enrolment
cohort (n=1969) were used as the reference distribution when
computing z-scores for individual tests.'®*° Scores within a
domain were averaged and scaled using the reference cohort
to create domain z-scores. A global cognitive summary z-score
was estimated by averaging and scaling the four domain z-
scores as a measure of global cognitive impairment.*®3°

All data for each subject were reviewed by the study coor-
dinator or nurse and a physician, and a neuropsychologist
reviewed the neuropsychological testing data for a diagnosis
of normal cognitive function, MCI, or dementia according to
published criteria.'®3>? MCSA procedures avoid testing in the
temporal vicinity of procedures and acute illness to avoid the
effects of transient postoperative cognitive decline. All surgery
or procedures performed under anaesthesia were retrospec-
tively identified through the Rochester Epidemiology
Project. 101233

Statistical analyses

We use exposure to denote ‘exposures to surgeries and pro-
cedures performed under general anaesthesia’. The primary
outcomes were baseline global z-score and the change (slope
and rate of decline) in global z-score during follow-up in sub-
jects with and without anaesthesia and surgery exposure. All
analyses were performed to compare the MCSA study partic-
ipants according to exposure status using two explanatory
variables. One dichotomous variable was used to indicate prior
exposure to anaesthesia and surgery in a 20 yr period before
enrolment (yes or no). The other exposure variable was a time-
varying covariate indicating exposure to anaesthesia and
surgery after enrolment in those with no prior exposure (20 yr
before enrolment). The domain-specific components of
cognitive function were analysed as secondary outcomes.
Sensitivity analyses were performed that used time periods of
5 and 10 yr when defining patients with and without prior
exposure. Follow-up cognitive scores were not available after a
subject discontinued participation in the study or after the
subject met the criteria for dementia. Those with missing data
may differ from those who continued participating in the
study. To assess the potential impact of informative censoring
on study results, an a priori defined sensitivity analysis was
performed for the primary outcome (global z-score for cogni-
tive function), which included only assessments obtained
during the first 4 yr of follow-up for each subject.
Longitudinal cognitive z-score data were analysed using
linear mixed models. Baseline and all follow-up cognitive
scores were included. The model estimated separate terms for
no exposure, any prior exposure, and any post-enrolment
exposure in those previously unexposed. In brief, the associ-
ation for any prior exposure was a fixed variable defined at
enrolment that allowed for a different intercept and slope over
time compared with those without exposure. The effect of any
post-enrolment exposure in those previously unexposed was
fitted with time-dependent variables to reflect a longitudinal
change in slope. All models were adjusted for covariates and
their interactions with time; these covariates were chosen
based on prior studies as potentially affecting cognitive
scores.>*3* Adjustment variables included sex, baseline age,
education, APOE &4 status, midlife diabetes mellitus, midlife
hypertension, midlife dyslipidaemia, atrial fibrillation, Charl-
son Co-morbidity Index (updated at each MCSA visit), history
of congestive heart failure, stroke, coronary artery disease,

marital status, smoking status, diagnosed alcohol problem,
and baseline MCI. Models included subject-specific random
intercepts and random slopes; random terms were assessed
with likelihood ratio tests, which suggested that the model
including both fits the data better than a reduced model. Re-
sults are summarised by presenting slope estimates and the
changes in slope associated with exposure. The significance
level was set at P<0.05, with the two-tailed test. Analyses were
performed with SAS statistical software (version 9.3; SAS
Institute Inc, Cary, NC, USA).

We graphically present associations in two ways. First, box
plots describe cognitive z-scores over time. Study visits were
grouped into intervals (enrolment, and 8—22, 23—37, 38—52,
and 53—67 months) based on the expected time between visits
in the MCSA. Subjects were grouped according to their expo-
sure status at the given visit. Second, we simulated trajectories
for four hypothetical patients to describe variation in cognitive
z-scores at enrolment and trajectories over time. The four
hypothetical patients have covariates selected to represent a
range of healthy to unhealthy status (see Fig. 2 footnote for
more details). Trajectories were simulated using linear com-
binations of the linear mixed model results with random
terms set to zero to reflect an average subject with the given
covariate values. Exposure status to anaesthesia and surgery
was manipulated to simulate paths for (i) no exposure; (ii) prior
exposure; and (iii) no prior exposure, but new exposure to
anaesthesia and surgery at 2 yr after enrolment.

Results

Of 2563 MCSA participants who were enrolled during the study
period, 744 were excluded (Supplementary Fig. S1); the present
study included a total of 1819 MCSA participants (1564 with
normal cognitive function and 255 with MCI at enrolment)
who had a cognitive z-score calculated on at least two study
visits. Amongst these participants, the median follow-up time
after the index cognitive assessment was 5.1 (2.7—7.6) yrs and
included a median of 4 (3—6) cognitive assessments.

Of the 1819 participants, 1218 (67%) were exposed to atleast
one general anaesthetic and surgery or procedure in the 20 yr
period before their index cognitive assessment, 907 (50%) had
at least one exposure in the last 10 yr, and 599 (33%) in the last
5 yr. Of 1218 participants with prior exposure, 431 (35%) had
exposure after the first z-score and before their last z-score: of
those 264, 92, 38, 18, 10, and 9 had one, two, three, four, five,
and greater than or equal to six exposures, respectively. Those
with prior exposure were more likely to be male and to have a
higher co-morbidity burden (Table 1). Of the 601 participants
who were not exposed in the 20 yr period before their index
cognitive assessment, 156 were exposed during follow-up: of
these, 104, 34, 8, 8, and 2 had one, two, three, four, and five
procedures, respectively. Amongst all 1374 participants with
an exposure before or after enrolment, there were a total of
3825 exposures (Supplementary Table S1).

Results for global cognitive z-scores

In adjusted linear mixed models, any exposure to anaesthesia
and surgery in the previous 20 yr was associated with a more
negative slope for global cognitive function in comparison to
those unexposed (slope: —0.077 vs —0.059; difference: —0.018;
95% confidence interval [CI]: —0.032, —0.003; P=0.015) (Table 2).
Any post-enrolment exposure in those previously unexposed
was associated with a greater decline in slope after exposure
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Table 1 Patient and clinical characteristics at enrolment

Prior anaesthesia and
surgery exposure '

Characteristic

No exposure >1 Exposure P-value

(n=601) (n=1218)
Age, mean (sp) (yr) 78.9 (5.3) 78.8 (5.0) 0.68
Sex 0.003
Male 282 (47) 662 (54)
Female 319 (53) 556 (46)
Education (yr) 0.34
<12 (did not 47 (8) 120 (10)
complete high
school)
12 (high school 200 (33) 411 (34)
graduate)
13—15 (some college 146 (24) 306 (25)
or technical school)
>16 (4 yr college 208 (35) 381 (31)
degree or graduate
studies)
Smoking status 0.34
Never 331 (55) 627 (51)
Former 249 (41) 548 (45)
Current 21 (3) 43 (4)
Marital status 0.10
Single 68 (11) 107 (9)
Married 368 (61) 801 (66)
Widowed 165 (27) 310 (25)
APOE ¢4 allele 154 (26) 330 (27) 0.54
(n=1816)
Ever had a diagnosis 15 (2) 54 (4) 0.043
of an alcohol
problem (n=1816)
Charlson Co-morbidity Index <0.001
0 98 (16) 71 (6)
1 151 (25) 213 (17)
>2 352 (59) 934 (77)
Midlife diabetes 34 (6) 61 (5) 0.56
mellitus
Midlife hypertension 176 (29) 470 (39) <0.001
Midlife dyslipidaemia 229 (38) 572 (47) <0.001
Atrial fibrillation 60 (10) 234 (19) <0.001
Congestive heart 41 (7) 139 (11) 0.002
failure
Stroke 29 (5) 67 (6) 0.54
Coronary artery 174 (29) 537 (44) <0.001
disease
Cognitive status 0.64
Normal cognition 520 (87) 1044 (86)
Mild cognitive 81 (13) 174 (14)

impairment

APOE &4, apolipoprotein e4; sp, standard deviation.

‘Exposure in the 20 years before the first available z-score.

fCategorical data are reported as number of patients (percentage);
continuous data are reported as mean (sp).

(post-exposure slope: —0.100 vs —0.059 for pre-exposure,
respectively; difference: —0.041; 95% CI: —0.074, —0.008;
P=0.016) (Table 2). The results of the full model for the primary
analysis are presented in Supplementary Table S2.

In a post hoc analysis for the primary endpoint of global
cognitive function, we further modelled the association of
post-enrolment exposure amongst those with a prior exposure
in addition to the comparisons estimated previously. Amongst
patients with a prior exposure, a post-enrolment exposure
was associated with a non-significant trend towards greater

decline (difference in slope after post-enrolment exposure:
—0.026; 95% CI: —0.053, 0.001; P=0.060).

Fig. 1 shows box plots for z-scores according to approxi-
mate visit month (0, 15, 30, 45, and 60 months) and exposure
status for subjects who had a cognitive assessment at the 60
month visit. At the enrolment visit, the median (25th, 75th
percentiles) z-score was 0.20 (—0.52, 0.82). This illustrates that
the variability between subjects is substantial at all time
points and differences in scores associated with exposure are
small relative to this variability. This z-score variability is
affected by subject characteristics, age at study entry (70—91
yr), and other characteristics that affect cognitive scores. Fig. 2
shows simulated paths of four hypothetical patients with
escalating risks for cognitive decline (see legend). The graph
illustrates that the differences in cognitive slope over time
attributable to prior exposure, or post-enrolment exposure in
those previously unexposed, are relatively small when
compared with the wide variation in z-scores attributable to
patient characteristics.

From sensitivity analyses defining any prior exposure at 10
or 5 yr before enrolment, there was still evidence that post-
enrolment exposure in those previously unexposed was
associated with an accelerated decline in global cognitive
function (prior exposure defined as 10 yr: slope difference,
—0.030; 95% CI, —0.057, —0.004; P=0.025; and prior exposure
defined as 5 yr: slope difference, —0.027; 95% CI, —0.050, —0.005;
P=0.017) (Supplementary Table S3). In a sensitivity analysis
limited to 4 yr follow-up per participant, the estimated dif-
ferences in slopes associated with prior or new exposure to
anaesthesia and surgery compared with no exposure were
numerically similar in direction and magnitude, but no longer
significant (—0.008; 95% CI: —0.027, 0.009; P=0.329 and —0.060;
95% CI: —0.130, 0.010; P=0.096, respectively, for prior and new
exposure Us NO eXposure).

Results for domain-specific z-scores

For attention/executive function, the slope difference for
those with any exposure in the 20 yr before enrolment vs un-
exposed was —0.016 (95% CI: —0.031, —0.001; P=0.033); for those
with no prior exposure, the change in slope after any post-
enrolment exposure was —0.053 (95% CI: —0.094, —0.012;
P=0.012) (Table 2). For memory domain, the slope difference
for those with any exposure in the 20 yr before enrolment vs
no exposure was —0.018 (95% CI: —0.034, —0.001; P=0.035); for
those with no prior exposure, the change in slope after any
post-enrolment exposure was —0.068 (95% CI: —0.103, —0.003;
P<0.001). There was not enough evidence to suggest different
slopes for the language and visuospatial domains over time.

Discussion

Older adults with any exposure to surgery with anaesthesia in
the 20 yr before enrolment in the MCSA experienced a greater
decline in cognitive z-scores compared with those not
exposed. A more prominent decline was also found in previ-
ously unexposed participants who had any surgery with
anaesthesia after enrolment in the study. Amongst those with
pre-enrolment exposure, we did not have enough evidence to
conclude that a post-enrolment surgery with anaesthesia was
associated with a change in the trajectory of cognitive decline.
Cognitive decline was primarily attributable to impairment of
memory and attention executive domains.
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Table 2 Analysis of global cognitive z-score and domain scores according to the pattern of exposures to anaesthesia and surgery in the

20 year period before enrolment

Cognitive scores Slope estimate Difference in slope estimate (95% CI) P-value
Global z-score
No prior exposure —0.059 Reference
Prior exposure —0.077 —0.018 (—0.032, —0.003) 0.015
After post-enrolment exposure’ —0.100 —0.041 (—0.074, —0.008) 0.016
Domain scores
Attention/executive
No prior exposure —0.079 Reference
Prior exposure —0.096 —0.016 (—0.031, —0.001) 0.033
After post-enrolment exposure’ —0.132 —0.053 (—0.094, —0.012) 0.012
Memory
No prior exposure —0.005 Reference
Prior exposure —0.022 —0.018 (—0.034, —0.001) 0.035
After post-enrolment exposure’ —0.072 —0.068 (—0.103, —0.033) <0.001
Language
No prior exposure —0.064 Reference
Prior exposure —0.078 —0.014 (—0.029, 0.001) 0.076
After post-enrolment exposure’ —0.096 —0.032 (—0.065, 0.001) 0.060
Visuospatial
No prior exposure —0.031 Reference
Prior exposure —0.038 —0.008 (—0.020, 0.005) 0.249
After post-enrolment exposure’ —0.027 0.004 (—0.026, 0.034) 0.785

CI, confidence interval.

"‘Amongst participants with no exposure in 20 year period before enrolment, but with exposure after enrolment. Data were analysed using mixed-effect
linear models with random intercepts and slopes for time and time after new exposure in those previously unexposed. Time was modelled as years after
first available z-score. Adjustment covariates not shown, but included in the model were smoking status, midlife diagnoses of diabetes mellitus, hy-
pertension, dyslipidaemia, history of atrial fibrillation, congestive heart failure, stroke, coronary artery disease, alcohol problems, marital status, sex, APOE
¢4 allele, education, Charlson Co-morbidity Index, and cognitive status at enrolment. Separate analyses were performed for global score and for each
cognitive domain. For each exposure category, a model-based estimate of the slope was calculated using covariate information for the entire cohort. Point
estimates and 95% Cls are presented for the estimated difference in slope for those with prior exposure compared with no prior exposure, and for the
change in slope after exposure in those previously unexposed. Six patients were excluded from the analysis because of missing covariate information.

I 005 6

Global z-score

Exposure status

-3 - B No prior exposure

B Prior exposure

O After post-enrolment exposure
T

T T T T
0 15 30 45 60

Time since enrolment (months)

Fig 1. Box plots for z-scores presented according to visit month
(0, 15, 30, 45, and 60 months) and exposure to surgery and
anaesthesia during the 20 years before enrolment. To ensure
that the same individuals are represented at each time point,
only individuals who had a cognitive assessment at the 60
month visit are included. Each time point represents a variety of
individuals with variable global cognitive z-scores.

There are numerous challenges in assessing the associa-
tion between exposure to surgery and anaesthesia and
cognitive decline. First, ageing is per se associated with
measurable cognitive decline,®* and at the same time

increases the likelihood of undergoing surgery: for individuals
65 yr of age or older, the incidence of undergoing a surgical
procedure is substantially higher than for younger in-
dividuals.>* Second, a daunting challenge remains, separating
the effects of anaesthesia and surgery from those of co-
morbidities that are independently associated with cognitive
deterioration, and also likely more frequent in the surgical
population.® Third, it is impossible to isolate the effects of
anaesthesia from a systemic inflammatory response or other
responses to surgery.>® Fourth, quantifying exposure to
anaesthesia is not straightforward because exposures occur at
variable times before and during longitudinal follow-up,
which requires the use of complex statistical modelling
when assessing this association. Given these interrelating
complexities, it is not surprising that the debate concerning
the association between anaesthesia and cognitive decline
continues 356810-12,16

Several studies have examined the association between
anaesthesia and longitudinal assessments of cognition. Using
a linear mixed effects model, Avidan and colleagues’ did not
find an association between surgery or illness and the rate of
change in longitudinal cognitive trajectories assessed from
comprehensive in-person assessment that included neuro-
logical evaluation and neuropsychological testing.” They
studied 575 patients, of whom 180 were exposed to non-
cardiac surgery, although the timing of exposure was not
precisely described.” Hughes and colleagues'’ conducted a
multicentre prospective cohort study, and reported that sur-
gery with anaesthesia was not a risk for cognitive impairment
when tested at 12 months after major non-cardiac surgery or
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Fig 2. Simulated trajectories for four hypothetical patients under
three scenarios: no prior surgery and anaesthesia, and none
during follow-up; prior surgery and anaesthesia; and post-
enrolment surgery and anaesthesia at 2 years after enrolment
without prior surgery and anaesthesia. Follow-up is described
from enrolment through 8 years. Exposure refers to exposure to
surgery and anaesthesia. The four hypothetical patients were
chosen to represent varying degrees of health at enrolment.
Patient (Pt) 1 is an 80-year-old female, never a smoker, married,
with >16 years of education, with no co-morbidities, APOE ¢4
negative, and cognitively normal at enrolment. Pt 2 is an 80-year-
old male, never a smoker, married, 13—15 years of education,
with prior history of coronary artery disease and a Charlson Co-
morbidity Index score of 2, APOE €4 negative, and cognitively
normal at enrolment. Pt 3 is an 80-year-old female, current
smoker, single-partner status, 12 years of education, with prior
history of stroke and a Charlson Co-morbidity Index score of 2,
APOE &4 positive, and cognitively normal at enrolment. Pt 4 is an
80-year-old male, former smoker, single-partner status, <12
years of education, prior history of coronary artery disease and a
Charlson Co-morbidity Index score of 4, with midlife dyslipi-
daemia, APOE &4 positive, and mild cognitive impairment at
enrolment. The plot demonstrates that changes over time
attributable to surgery and anaesthesia before enrolment or
post-enrolment represent a subtle, although statistically signifi-
cant, change in the average trajectory of cognitive z-scores
relative to the variability in z-scores inherent in the population.

critical illness.’ Their definition of exposure to surgery and
anaesthesia was restricted to exposure during current hospital
admission or immediately preceding the admission, and
cognitive assessments were performed 3 and 12 months after
hospital discharge; therefore, this study did not assess change
in cognition from before surgery.'' Another report from a large
Danish registry of middle-aged and elderly twins reported a
negligible decrease in a sensitive composite cognitive score for
twins who underwent at least one major surgery, and no dif-
ference when a same-sex intra-pair sub-analysis was per-
formed, suggesting the absence of an association between
surgery with anaesthesia and long-term cognitive decline.®
Schenning and colleagues® performed a longitudinal cohort
study of cognitive ageing and reported faster decline in
memory in those exposed to surgery. In their study, surgical

procedures before enrolment were not considered, and pa-
tients were assigned to surgical or non-surgical groups ac-
cording to post-enrolment exposure. Patel and colleagues'®
recorded accelerated cognitive decline after surgery in older
adults already diagnosed with cognitive impairment, but not
in cognitively normal patients. In contrast, Bratzke and col-
leagues'’ reported that surgery and anaesthesia affected
cognition in middle-aged individuals without pre-existing
cognitive dysfunction.

In the present study, we found an association between an
accelerated decline in global cognitive function and exposure to
anaesthesia and surgery, both in individuals with exposure
within 20 years before MCSA enrolment and in individuals who
had exposure only after enrolment. However, these changes
over time were small relative to the overall population variation
in z-scores. For an average individual with no prior exposure
who is subsequently exposed after enrolment, the decline in
cognitive function over a 5 yr period after the exposure would
be 0.2 standard deviations more than expected (i.e. a decline of
0.50 standard deviations compared with an expected decline of
0.30 standard deviations below normative means). Although
such a decline may be relevant to patients and providers, it
represents only 5% of the roughly —2.18 to +1.99 range of z-
scores present at enrolment in the sample. This represents a
small effect size of uncertain clinical importance that likely
could be meaningful for individuals with already low baseline
cognition, as depicted in Fig. 2. This figure simulates trajectories
for four hypothetical 80-yr-old patients with different risk fac-
tors for cognitive decline, and illustrates that even a small
contribution from exposure to surgery and anaesthesia might,
in some individuals, critically affect cognition by crossing a
threshold for diagnosis of pre-dementia or even dementia. The
observed small effect on cognitive decline in our study could
account for our inability to detect associations between expo-
sure to anaesthesia with surgery and higher rates of prevalent
MCI® or Alzheimer’s dementia'? in prior analyses that also
utilised the MCSA data set. However, it may be consistent with
our analysis of incident MCI in this population (i.e. analyses
restricted to individuals who were cognitively normal at the
time of MCSA enrolment). Although cumulative exposure after
age 40 yr was not associated with the development of incident
MCI, in planned sensitivity analyses, we could not exclude the
possibility that exposure later in life is associated with the
subsequent development of MCL°

Common cognitive complaints associated with normal
ageing include impairment of memory® and executive func-
tion.*® We found that, compared with unexposed participants,
individuals exposed to anaesthesia and surgery have subtle,
but statistically significant accelerated deterioration of cogni-
tive scores for these two domains, which are potential drivers
of future progression to dementia.’® The visuospatial domain
represents a group of cognitive functions that involve the
ability to understand space in two and three dimensions (e.g.
the ability to recognise familiar objects or faces, spatial
perception, etc.).’” The visuospatial domain is relatively
resistant to normal ageing,®® and exposure was not associated
with changes in the rate of change of this domain. Language is
a complex cognitive domain that remains relatively intact
with ageing,?’*4%° and likewise, we did not detect a significant
deterioration in exposed individuals. Age-related cognitive
decline affects specific domains differentially,*’ and this non-
uniformity appears to remain after exposure to anaesthesia.®
It remains to be determined whether the differential pattern of
domain effects represents a form of accelerated normal
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ageing, or rather reflects a specific neuropathology induced by
factors associated with exposure to surgery or anaesthesia.

Limitations

The most important limitation of our study is the possibility of
unmeasured confounding. As exposure to anaesthesia is
nearly always part of a surgical episode, we cannot separate
the potential effects of anaesthesia and the surgery itself. In
addition, exposure to anaesthesia and surgery could serve
simply as a marker for other factors, including the underlying
conditions necessitating surgery, which might be associated
with accelerated cognitive decline. Available data do not
include indications of other life events, such as recent exten-
sive travel or death of family members that can be associated
with accelerated cognitive decline. An additional limitation is
that we included only exposure to surgery under general but
not regional anaesthesia. Finding a similar effect on cognitive
decline for both regional and general anaesthesia would argue
against the direct contributory neurodegenerative effects of
general anaesthetic agents, and would implicate surgical
exposure as the primary culprit for cognitive deterioration.

The MCSA is a prospective study with information of
cognitive scores collected in planned 15 month time intervals;
however, given that it was not designed for the current
investigation, the timing of the MCSA visits did not correspond
to any consistent time interval surrounding exposures, which
were retrospectively ascertained from the medical records. In
addition, our cohort includes participants with varying de-
grees of cognitive function from normal to MCI, such that the
average z-scores represent a mixture of cognitive function
level, and may be less sensitive to subtle changes in in-
dividuals as a result of anaesthesia and surgery. Finally,
cognition was not assessed after diagnosis of dementia, which
might lead to informative censoring of patient data. However,
numerically consistent findings were observed in the sensi-
tivity analysis, which restricted follow-up to the first 4 yr after
the index cognition score.

In conclusion, in this series of older adults, undergoing
surgical or interventional procedures with general anaes-
thesia was associated with accelerated cognitive decline
beyond that expected for normal ageing. The accelerated
cognitive decline was predominantly related to impairments
in memory and attention/executive function. Whilst the
magnitude of the observed cognitive deterioration appears to
be small, the clinical effect could be meaningful in individuals
who undergo surgery with already lower baseline cognition.
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