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Abstract

BACKGROUND: Postoperative delirium is frequent in older adults and associated with
postoperative neurocognitive disorder (PND). Studies evaluating perioperative medication use

and delirium have generally evaluated medications in aggregate and been poorly controlled; the
association between perioperative medication use and PND remains unclear. We sought to evaluate
the association between medication use and postoperative delirium and PND in older adults
undergoing major elective surgery.

METHODS: This is a secondary analysis of a prospective cohort study of adults =270 years
without dementia undergoing major elective surgery. Patients were interviewed preoperatively to
determine home medication use. Postoperatively, daily hospital use of 7 different medication
classes listed in guidelines as risk factors for delirium were collected; administration prior

to delirium was verified. While hospitalized, patients were assessed daily for delirium using

the Confusion Assessment Method and a validated chart review method. Cognition was

evaluated preoperatively and one month after surgery using a neurocognitive battery. The
association between prehospital medication use and postoperative delirium was assessed using

a generalized linear model with a log link function, controlling for age, gender, type of surgery,
Charlson comorbidity index, and baseline cognition. The association between daily postoperative
medication use (when class exposure =5%) and time-to-delirium was assessed using time-varying
Cox models adjusted for age, gender, surgery type, Charlson comorbidity index, APACHE-II
score, and baseline cognition. Mediation analysis was utilized to evaluate the association between
medication use, delirium, and cognitive change from baseline to one month.

RESULTS: Among 560 patients enrolled, 134(24%) developed delirium during hospitalization.
The multivariable analyses revealed no significant association between prehospital benzodiazepine
[Relative Risk (RR) 1.44;95% Confidence Interval (CI) 0.85,2.44], beta blocker (RR 1.38;95%
C10.94,2.05), NSAID (RR 1.12;95% CI 0.77,1.62), opioid (RR 1.22;95% CI 0.82,1.82), or statin
(RR 1.34;95% CI 0.92,1.95) exposure and delirium. Postoperative hospital benzodiazepine use
[adjusted Hazard Ratio (aHR) 3.23;95% CI 2.10,4.99] was associated with greater delirium.
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Neither postoperative hospital antipsychotic (aHR 1.48;95% CI 0.74,2.94) nor opioid (aHR
0.82;95% CI 0.62,1.11) use prior to delirium were associated with delirium. Antipsychotic use
(either pre- or post-surgery) was associated with a 0.34 point (standard error 0.16) decrease in the
GCP at 1 month through its effect on delirium (p=0.03), despite no total effect being observed.

CONCLUSIONS: Administration of benzodiazepines to older adults hospitalized after major
surgery is associated with increased postoperative delirium. As association between in-hospital,
postoperative medication use and cognition at 1 month, independent of delirium, was not detected.

Postoperative delirium, characterized by an acute onset of fluctuating attention and mental
status alteration from baseline in the 7 days after surgery, occurs in up to 50% of older
adults undergoing major surgery.1-2 It is associated with a longer hospital stay, a greater
likelihood for transfer to a nursing facility at discharge, and cognitive decline that can
persist for years and result in dementia.:34 The risk for delirium in this setting depends

on a number of different baseline, surgical, and hospital factors. A clear understanding

of modifiable postoperative delirium risk factors is critical when formulating delirium
reduction efforts. While current practice guidelines®8 make broad recommendations to avoid
medications known to be associated with a high risk for delirium in older adults undergoing
major surgery,’ the individual medications that should be avoided remains unclear and the
perioperative period(s) when use should be eschewed remains unknown.

Among 29 published studies evaluating preoperative factors associated with postoperative
delirium, only 4 explicitly sought to evaluate the risk of preoperative medication class

use.8 Among 19 published presurgical risk prediction models for postoperative delirium,
only 5 included medications.8-12 Only four studies,®~12 three published more than 25 years
ago,®11 have investigated the influence of postsurgical medication use on postoperative
delirium. In these studies, only postoperative benzodiazepine was consistently associated
with delirium.®-12 However, these studies failed to differentiate medications newly-initiated
after surgery from those continued from home and in some cases failed to distinguish
whether the medication was administered prior to delirium occurrence.?11:12 Although
postoperative delirium is strongly associated with postoperative neurocognitive disorder
(PND), the interplay among medications, delirium, and cognitive decline had not been
rigorously investigated. For example, while benzodiazepines have been associated with
cognitive decline, the impact of postoperative delirium on this cognitive trajectory has yet
to be explored.13 To better understand the important potential role of pre- and post-surgical
medication use on postoperative delirium and PND in older adults undergoing major surgery
we sought to investigate three associations: 1) Presurgical medication use and postoperative
delirium; 2) Inpatient, postsurgical medication use and postoperative delirium; and 3)

the delirium-independent relationship between inpatient, postsurgical medication use and
cognition 1 month after surgery.

METHODS

Study Design and Population

Our study population was derived from the Successful Aging after Elective Surgery
(SAGES) study, a prospective cohort study of community-dwelling older adults undergoing
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major elective surgery. The study design and methods have been described previously in
detail. 1415 Briefly, participants were =70 years old, English-speaking, able to communicate
verbally, scheduled to undergo elective surgery at one of two Harvard-affiliated academic
medical centers with an anticipated length of stay of at least 3 days, and were available

for in-person follow-up interviews. Eligible surgical procedures included total hip or knee
replacement; lumbar, cervical, or sacral laminectomy; lower extremity arterial bypass
surgery; open abdominal aortic aneurysm repair; and colectomy.

Patients with evidence of dementia, delirium or hospitalization within 3 months preceding
the surgical visit, a terminal condition, a history of schizophrenia or psychosis, or a history
of alcohol abuse or withdrawal were excluded. Dementia screening occurred at initial
medical record screening, telephone recruitment, and baseline enrollment interview. Patients
with any one of the following were excluded: diagnosis of dementia or who had documented
dementia in the medical record, affirmation during telephone recruitment of a diagnosis of
dementia or Alzheimer’s disease from a physician, patients who failed a capacity assessment
of their understanding of the informed consent, patients with a score of <69 or its education-
adjusted equivalent on the Modified Mini-Mental (3MS) test during the baseline interview.16

The study was approved by the Institutional Review Boards at Beth Israel Deaconess
Medical Center and Brigham and Women’s Hospital, and Hebrew Senior Life, the study
coordinating center, all located in Boston, MA. Written informed consent was obtained from
all subjects prior to their participation.

Trained research assistants conducted a 90-minute baseline interview in participants’ homes
about 2 weeks prior to the planned surgery to obtain consent, collect baseline data and
current medications.1415 Pre-hospital medications were collected and confirmed using two
approaches. First, study interviewers recorded all medication names with direct visual
inspection of labels of medication vials/bottles in the patient’s home. Second, all study
medications were confirmed by review of admission medication listings abstracted from the
medical record. The names of all pre-hospital medication were entered alphanumerically

in the study database. After hospital discharge, a trained research physician reviewed

the hospital medical record to determine the daily administration (both scheduled or

as needed) and dosing route for 7 a priori-determined classes of medications [i.e.,
anticholinergics, antipsychotics, benzodiazepines, beta adrenergic blockers, non-steroidal
anti-inflammatory drugs (NSAIDS), opioids, and statins] for up to seven days from

the immediate postoperative period to hospital discharge. These medication classes have
previously been reported in practice guidelines (e.g., the AGS Beers Criteria) or published
reports to be associated with delirium in hospitalized patients.”~19 Data on medication dose
or daily frequency was not collected.

Medications were coded by class using the American Hospital Formulary System (AHFS)
classifications.1” Additionally, total anticholinergic activity was quantified with each
medication being assigned a value from 0 to 3, based on the strength of the agent’s
anticholinergic activity according to the Anticholinergic Cognitive Burden scale (ACB) and
the Anticholinergic Drug Score (ADS).17 If a class of medications had a prevalence < 5%

Anesth Analg. Author manuscript; available in PMC 2023 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Duprey et al.

Outcomes

Covariates

Page 5

in either the pre-hospital or postsurgical period then the medication class was excluded from
this time period.

A trained research assistant evaluated each patient daily during the day shift for delirium
from the immediate postoperative period to hospital discharge using the Confusion
Assessment Method (CAM).18 The CAM algorithm is the most widely used instrument
worldwide and has a high sensitivity (91-97%), specificity (85-94%), and interrater
reliability (x=0.92).18 The presence of delirium was augmented using a validated chart
review method, which facilitated a more complete 24-hour overview and improved
sensitivity for delirium detection.19

The General Cognitive Performance (GCP) composite (scaled, 0-100), a weighted
composite variable for the assessment of global cognitive function, was created specifically
for the study. The GCP combines the results of multiple neuropsychological tests and has
been scaled to have a mean in the general population of 50 with a standard deviation of 10. It
has been demonstrated to be highly sensitive to longitudinal cognitive change with minimal
floor and ceiling effects.29 In SAGES, the GCP scores were adjusted with a correction factor
derived from a comparable sample of non-surgical patients to account for learning effects
related to multiple retesting.2!

One month after discharge, home based interviews were conducted by a group of trained
research assistants who were blinded to in-hospital delirium status. Postoperative cognition
at 1 month was chosen (vs. later time periods) to ensure and to decrease the potential for
unmeasured confounding due to interim outpatient medication use. Earlier time periods were
not available in the data set.

The baseline, pre-hospital interview collected information from the patient on age, gender,
race and ethnicity, marital status, living situation, and education. Baseline cognition

as measured by the GCP was also collected during this interview. Baseline Charlson
comorbidity index?2, surgical type, and postoperative Acute Physiology and Chronic Health
Evaluation (APACHE) 11 score2® were determined from a review of the medical record.
Surgery type (categorized as orthopedic, vascular, or gastrointestinal) was also determined
during this review. Pain scores were obtained from patients daily using the Brief Pain
Inventory.1® These covariates were used for confounding adjustment in the statistical
analyses as detailed below.

Statistical Analysis

Three separate analytic structures were used to answer our three objectives: one

for prehospital medications, one for postoperative medications administered during
hospitalization, and one assessing cognition accounting for both of the previous time
periods.
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Objective 1: Pre-hospital medications—Pre-hospital medications were evaluated as
independent variables in a generalized linear model with a log link function (log-binomial
regression), yielding relative risks for postoperative delirium. Univariable analysis was
conducted for each of the six medication classes meeting the 5% prevalence breakpoint
(i.e., anticholinergic medications, benzodiazepines, beta blockers, NSAIDS, opioids, and
statins) to estimate unadjusted associations. Multivariable analysis was then conducted by
including all 6 medication classes in a single model and controlling for six well-established
postoperative delirium risk factors: age, gender, baseline GCP, Charlson comorbidity index,
APACHE-II score, and surgery type.1~% 9. 24,25 For anticholinergic activity the number

of medications with anticholinergic activity according to the ACB included was used in

the primary model. To test the robustness of our findings for pre-hospital anticholinergic
medication use, we created separate models using the number of medications with
anticholinergic activity according to the ADS and total number of medications prior to
hospitalization.

Objective 2: Postoperative medications—During hospitalization we created Cox
models to evaluate time-to-postoperative delirium given medication use often changes daily.
The survival analysis framework functioned as an accelerated failure model, with our results
representing the acceleration of the incidence of delirium by the medications under study.

A single multivariable model was created including the three medication classes that met
the in-hospital 5% prevalence criterion (i.e., antipsychotics, benzodiazepines, and opioids).
The model controlled for the time-varying nature of medication class exposure and the same
six delirium risk factors used in the pre-hospital medication analysis. We created a second
model that also controlled for worst pain during hospitalization. Given clinical decisions to
administer opioids via the injectable (vs. oral) route during hospitalization may vary and the
injectable route is more likely to used immediately after surgery, we conducted sensitivity
analyses, stratifying opioid classes as to whether they were more likely to be administered
via the intravenous (versus oral) route. We also conducted a sensitivity analysis controlling
for prehospital use of benzodiazepines and of opioids; this analysis was not conducted for
antipsychotics given the small prevalence of use in the pre-hospital period.

Objective 3: Mediation analysis—Mediation analysis was conducted using the
Causalmed procedure?®, a method by which generalized linear models are used to describe
relationships between outcome (in our study, cognition using the GCP), treatment (i.e.,
medication class), mediator (i.e., post-operative delirium), and potential confounding (i.e.,
age, gender, Charlson comorbidity index, baseline cognition, surgery type, and postoperative
APACHE-II score) variables.1=4 9. 26 Mediation analysis was used to evaluate which portion
of the drug-induced cognitive decline at 1 month is mediated by delirium. In order to make
this assessment, we assumed no residual confounding of the exposure-mediator, exposure-
outcome, or mediator-outcome relationships after adjusting for the included covariates.?’
We tested the assumption of no interaction between the exposure and the mediator to

ensure no interaction variable needed to be included.?” All medication exposure was
confirmed to precede delirium development for individuals who were delirium positive
before being entered into the model. Postoperative cognition at 1 month was chosen

(vs later time periods) to ensure biologic plausibility and to decrease the potential for
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unmeasured confounding due to interim outpatient medication use. Earlier time periods were
not available in the dataset.

The analytic procedure allowed for binary treatment and mediator variables along with a
continuous outcome. The outcome (GCP) was modeled using a normal distribution with an
identity link function (linear regression) while the mediator (delirium) was modeled using a
binomial distribution and a logit link (logistic regression).28 Mediation analysis yields total,
direct, and indirect effects for each treatment of interest. The direct effect is the effect of
the medication on cognition not mediated by delirium, assessed in a model controlling for
other baseline covariates and not controlling for delirium. The indirect effect represents the
effect of the medication on cognition that is mediated by the effects the medication has

on delirium. This is modeled in two parts, assessing the effect of medications on delirium
and the effect of delirium on cognition; each part of the model controls for other baseline
confounders. The total effect represents the sum of the direct and indirect effects, modeled
as the effect of medications on cognition in a model controlling for baseline confounders
and for delirium. The direct and indirect effects were decomposed from the total effect as
described by Valeri et al.2?

All results are the reported effect size with a corresponding p-value. P-values less than 0.05
were considered significant. All analyses were conducted using SAS/STAT software version
9.4 for Windows (SAS, Cary, NC). Given the 560 participants available from the SAGES
cohort, 134 of whom developed delirium, and assuming a significance level (a)) of 0.05, our
a priori estimate yielded 88% power to detect a relative risk of 1.5 given a 24% event rate.

Of the 566 SAGES patients enrolled between June 18, 2010, and August 8, 2013, six

were subsequently excluded for possible dementia leaving a final study cohort of 560
patients. The 560 patients, on average, were 76.0 + 5.0 years old and had an admission
APACHE-II score of 11.9 £ 2.9 (Table 1). More than half (58%) were women and most
(81%) underwent an orthopedic surgical procedure. Among the 134 (24%) who developed
postoperative delirium during hospitalization, 100 (82%) did so by the second postoperative
day (Appendix 1). Patients who developed delirium (versus those who did not) had a lower
baseline general cognitive performance (54.7 + 6.5 vs. 58.5 + 7.3). Patients who developed
delirium experienced higher maximal (8 [4-9] vs. 7[4-8) and average pain scores (5[3-7] vs.
4[2-6]) compared to those who never developed delirium.

Preoperative Medication Use and Postoperative Delirium

Patients taking a preoperative beta blocker were significantly more likely to experience
postoperative delirium (Table 2). Preoperative antipsychotic use was excluded as prevalence
was only 0.5%. A significant association between preoperative use of any of the medication
classes and postoperative delirium, after controlling for age, gender, comorbidity, baseline
cognition and postsurgical severity of illness, was not detected (Table 2). Results were
similar when we used the ADS (vs. the ACB) as a measure of anticholinergic burden or
included the total number of preoperative medications administered.
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Inpatient Postoperative Medication Use and Postoperative Delirium

Among the 7 postoperative medication classes where data was collected, only
antipsychotics, benzodiazepines and opioids met the a priori prevalence threshold of 5%.
Daily in-hospital, postoperative medication exposure for benzodiazepines, antipsychotics
and opioids, stratified by postoperative delirium occurrence, is presented in the Figure.
Patients who developed delirium had a greater exposure to antipsychotics, benzodiazepines,
and opioids as a class. The unadjusted and adjusted models each revealed postoperative
benzodiazepine use to be significantly associated with greater postoperative delirium (aHR
3.23; 95% CI 2.10 to 4.99; Table 3). Neither the association between antipsychotic use (aHR
1.48; 95% CI 0.74 to 2.94) nor opioid use (aHR 0.82; 95% CI 0.62 to 1.11) and delirium
occurrence was statistically significant.

The opioid sensitivity analysis revealed postoperative, in-hospital administration of an
injectable opioid was associated with an estimated 69% higher risk of delirium (aHR

1.69; 95% CI 1.32 to 2.17) whereas oral opioid exposure was associated with a roughly
25% decrease in this risk (aHR 0.73; 95% CI 0.58 to 0.92; Appendix 2). Within this
analysis (and all other sensitivity analyses evaluating injectable and oral opioids separately),
antipsychotics were associated with an increase in the risk of delirium (aHR 2.46; 95%

Cl 1.53 to 3.95). Both fentanyl (aHR 3.73; 95% CI 1.37 to 10.2) and hydromorphone

(aHR 1.54; 95% CI 1.02 to 2.31) were independently associated with an increase in
postoperative delirium (Appendix 3). Model estimates did not change when the duration

of observation was limited to include only delirium occurring in either the first three or first
four postoperative days. Likewise, estimates did not change when the worst observed pain
score during hospitalization was considered. Sensitivity analysis controlling for pre-hospital
use of these medication classes did not alter the point estimates or confidence intervals
reported (Appendix 4). Post-hoc models evaluating the impact of not controlling for severity
of illness (Appendix 5) and controlling for hospital site (Appendix 6) did not affect the
associations between medication use and delirium we report.

Inpatient Postsurgical Medication Use and Post-discharge Cognition

Post-discharge cognitive assessments were completed on 548 patients at 1 month. Compared
to baseline (57.6 + 7.3), cognition was lower at 1 month (56.9 £+ 7.9; p<0.001). Patients

who developed postsurgical delirium (as compared to those that did not) had lower

general cognitive performance at 1 month (53.0 + 7.0 vs. 58.1 + 7.8, p<0.001). Mediation
analysis failed to detect an association between the use of any of the eight medication
classes included in the analysis and cognition at 1 month (Table 4). Antipsychotics had a
statistically significant effect on cognition at 1 month (=0.34, standard error 0.16; p=0.03)
but this was solely related to their effect on delirium.

DISCUSSION

This study, utilizing a large clinical cohort of older adults undergoing major surgery, found
postsurgical, inpatient, benzodiazepine use is significantly associated with greater delirium.
Our analysis is innovative because it incorporated time-varying methods to analyze time
from postsurgical medication exposure to delirium occurrence and considered potential
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confounding factors for delirium like acute pain. Unlike other studies evaluating pre-hospital
medication use and postoperative delirium,24 3932 we were not able to find a significant
association between any class of medication administered prior to hospitalization and
postoperative delirium. This may be due to inadequate power for some of the classes.
Compared to other postoperative delirium risk studies,-12 we failed to find a significant
association between antipsychotic or opioid use and postoperative delirium.

The study results build on strong evidence from other studies reporting perioperative
benzodiazepine use is an important risk for postoperative delirium.19:32 The lack of
association we detected between presurgical benzodiazepine use and postoperative delirium
may be due to the low number of patients taking a benzodiazepine prior to surgery. In

older adult populations where chronic use of benzodiazepines is higher, pre-surgical use of
benzodiazepines should be further investigated.

Our study is the first published study to explore the relationship between postsurgical

(in hospital) medication use, postoperative delirium and post-hospital cognition. Among
the medication classes evaluated, we did not find an association between postoperative
medication use and cognition at 1 month that was independent of delirium. While a small,
but significant, association was found between in-hospital antipsychotic use and 1-month
cognition, this association was entirely driven by the large effect size of antipsychotics on
delirium.

The failure of our study to find an association between either preoperative beta blocker or
statin use and delirium run counter to the results of other perioperative delirium risk factor
studies.3%: 31 These studies included a different population of surgical patients (i.e., vascular/
cardiac surgery) who may have different postoperative delirium risk factors and did not
control for established pre-surgical predictors of delirium such as baseline cognition. Among
three other studies evaluating preoperative opioid use -postoperative delirium risk,24: 25 33
two found an association?4 25 and one did not.33 The two studies finding an association did
not control for key delirium risk factors like cognition and pain.24 2> The more rigorous
third study, where postoperative factors including pain were considered, reported results
similar to ours.33 Although one prior analysis of preoperative anticholinergic exposure
reported a positive association with delirium,3# this study was conducted in a different
surgical population (i.e., cardiac) and also did not adjust for baseline cognition.

Antipsychotics, when rigorously evaluated for the prevention of postoperative delirium,
have been found to be ineffective and potentially harmful.3® Our failure to detect an
association between antipsychotic use and delirium, given the magnitude of the point
estimate, suggests our analysis was underpowered to detect this association due to low
postoperative antipsychotic use. However, sensitivity analyses evaluating injectable and oral
opioids separately revealed a significant association between in hospital antipsychotic use
and delirium.

Our analysis found no association between overall postsurgical opioid use and delirium.
With the exception of meperidine, an analgesic almost never currently used in surgical
practice, our results are consistent with prior literature.10: 12: 36 The increased delirium we
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found with injectable (vs oral) opioid use was an unexpected finding. While we did control
for factors that might influence injectable (vs. oral) opioid use, including level of pain,
patient acuity, and the post-operative day,3 this finding should be considered exploratory
and hopefully will help justify future prospective research. Although non-opioid analgesic
approaches have been shown to reduce opioid exposure and improve pain control, only
one randomized study has evaluated the use of a non-opioid analgesic (acetaminophen) on
postoperative delirium.38

Our results have important clinical applications. Providers managing post-operative older
adults should minimize benzodiazepine use by utilizing nonpharmacologic methods to
reduce agitation (e.g., out of bed mobility) or improve sleep (e.g. earplugs and/or eye

masks at night). When these nonpharmacologic interventions are bundled together, delirium
is reduced.3 Recent postoperative delirium practice guidelines strongly recommend against
benzodiazepine or antipsychotic use in older adults undergoing major surgery.>8 Although
the relationship between opioids and delirium after surgery needs further research, the
potential benefits of using ERAS protocols promoting the use of nonopioid interventions to
manage pain, should be considered.>6

Our paper has several important strengths. Delirium was evaluated using a well-validated,
highly reproducible method designed to maximize sensitivity and specificity. Use of time-
varying analysis ensured all medication exposure preceded delirium occurrence and allowed
for estimation of time-to-delirium after medication initiation. We controlled for five a-priori
selected variables in each primary model known to confound the association between
medication use and postoperative delirium. Additionally, our study is one of the first utilize
mediation analysis techniques to try to explain a causal association between postoperative
hospital medication use and post-hospital cognition as mediated by delirium. While no
clinically significant association was found, our analysis shows that such investigations

are possible and future research should be explored to look for casual links between
postoperative delirium risks and post-operative cognitive changes.

Traditional methods allow the mediation effect to be estimated as the product of the
exposure-mediator and mediator-outcome relationships, both of which are required to

be significant before mediation can be claimed.*0 However, modern mediation methods
estimate both of these relationships in parallel and assess direct and indirect effects as
degradations of the total effect.2? It is possible through this method that direct and indirect
mediation effects can be in opposing directions, leading to a total effect that is not significant
despite significant mediating effects. We believe this is the case in our analysis, where we
found a single significant indirect effect despite no significant total effects.

Our study has potential limitations. The associations we report in our observational study

do not infer causality. Since the 2010 to 2013 enrollment period, advances in surgery

and post-operative care may affect the medication-postoperative delirium results we report.
These include changes in anesthetic practices, wider adoption of enhanced recovery after
surgery programs, and implementation of nonpharmacologic delirium reduction strategies.3°
Our analytic power was constrained by medication prevalence. While medication data

was collected in a rigorous manner, pre-hospital medication adherence was not evaluated.
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Although medication exposure and the risk for delirium has been found to be dose-
dependent in other settings, medication dose data was not collected. While we accounted
for established baseline and postoperative factors known to affect postoperative delirium
occurrence, other factors not included in our analyses may have affected the results we
report.

Postoperative care, including the use of delirium-reducing efforts, was standardized across
the two study centers, yet data on the use of these interventions was not collected and

they may have been different. However, a post-hoc analysis controlling for the hospital
where the individual was admitted did not show any differences in the estimates we

report. Additionally, despite the operative factors like choice of anesthesia and cerebral
perfusion adequacy known to influence delirium occurrence, most pre-hospital postoperative
delirium risk factor studies do not account for this period. The prescriber’s rationale for
each postoperative medication was unknown given the retrospective nature of the study. By
postoperative day 30, PND may have resolved. While reverse causation bias is possible in
our mediation analysis, the maintenance of risk factor temporality greatly reduces this risk.
In addition, mediation analysis could be subject to confounding from unmeasured variables
not captured in the cohort.

In conclusion, inpatient benzodiazepine administration remains an important risk factor for
postoperative delirium in older adults. Clinicians should avoid prescribing benzodiazepines
in the post-operative setting in this patient population and follow current guidelines
regarding antipsychotic and opioid use.>~" Future research should evaluate the dose-
related effects of neuroactive medications on postoperative delirium and post-operative
neurocognitive disorder among older adults undergoing major surgery. Studies should
focus on both patients who require postoperative hospitalization as well as those who are
discharged home on the same day after surgery.
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KEY POINTS

Question: Is there an association between medication use and postoperative
delirium and post-hospital cognition among older adults undergoing elective
surgical procedures?

Findings: While benzodiazepine use during hospitalization is associated
with increased postoperative delirium, an association between in-hospital,
postoperative medication use and cognition at 1 month, independent of
delirium, was not detected.

Meaning: Avoidance of benzodiazepines in the postoperative period will
reduce delirium and slow subsequent cognitive decline; further research is
necessary to clarify the risks of antipsychotic and opioid use on delirium and
their relationship with posthospital cognition in the post-surgical population.
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that medication divided by total number of patients in that group. Panel A shows the use of

antipsychotics. Panel B shows the use of benzodiazepines. Panel C shows the use of opioids.
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Table 1.

Baseline Characteristics and Patient Demographics

Total cohort (n=560)

Delirium (n=134)

No delirium (n=426)

Age, mean years + SD 76.6 +5.0 77.4+48 76.4+5.0
Female sex, n (%) 326 (58%) 81 (61%) 245 (58%)
Nonwhite race, n (%) 42 (8%) 13 (9.7%) 29 (7%)
Surgery type
Orthopedic, n (%) 454 (81%) 105 (78.4%) 349 (82%)
Vascular, n (%) 35 (6%) 11 (8.2%) 24 (6%)
Gastrointestinal, n (%) 71 (13%) 18 (13.4%) 53 (12%)
Married, n (%) 332 (59%) 79 (59.0%) 253 (59%)

Lives alone, n (%)

167 (30%)

39 (29.1%)

128 (30%)

Education, mean years + SD 15.0+ 3.0 147 +3.0 15.1+29
Charlson comorbidity index, median score [IQR] 1[0-2] 1[0-2] 1[0-2]
Postoperative APACHE I1, mean score (SD) 11.9+29 13.3+35 11.4+26
General cognitive performance, mean + SD 57673 547+6.5 585+7.3
Worst pain during hospitalization, median [IQR] 7 [4-8] 8[4-9] 7 [4-8]
Average pain during hospitalization, median [IQR] | 4 [2-6] 5[3-7] 4 [2-6]

Abbreviation: APACHE 11, Acute Physiology and Chronic Health Evaluation Il; IQR, interquartile range; SD, standard deviation
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Survival model showing accelerated delirium incidence for medication classes administered in hospital

Table 3.

Unadjusted hazard ratio
(95% ClI)

Model 1 Adjusted hazard ratio®

Model 2 Adjusted hazard ratiob

(95% ClI) (95% ClI)
Antipsychotics 2.96 (0.96 to 9.09) 1.48 (0.74 to 2.94) 1.48 (0.75 to 2.93)
Benzodiazepines 2.31 (1.33t0 3.99) 3.23 (2.10 to 4.99) 3.03 (1.97 to 4.67)

Any opioid

1.01 (0.64 to 1.60)

0.82 (0.61 to 1.10)

0.82 (0.62 to 1.11)

aModeIs adjusted for age, gender, surgery type, Charlson comorbidity index, APACHE-II score, and cognition at baseline.

bModeIs adjusted for age, gender, surgery type, Charlson comorbidity index, APACHE-II score, cognition at baseline, and worst pain.
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Mediation analysis predicting cognition at 1 month after hospital discharge

Table 4.

Page 20

Number of Patients
Taking Medication

Total Effect of Medication
..a
on Cognition

Direct Effect of Medication
.. b
on Cognition

Indirect Effect of
Medication on CognitionC

Slope (SE) P-value Slope (SE) p-value Slope (SE) P-value
Antipsychotics 32 (5.7%) -0.15 (0.61) 81 0.19 (0.61) 0.75 -0.34 (0.16) 03
Benzodiazepines 127 (22.7%) -0.01 (0.34) 98 0.11 (0.34) 0.74 -0.12 (0.07) .09
Beta blockers 229 (40.9%) 0.03 (0.29) 91 0.13 (0.29) 0.66 -0.10 (0.05) 07
NSAIDs 339 (60.5%) 0.12 (0.29) 67 0.15 (0.29) 0.59 -0.03 (0.05) 49
Statins 323 (57.7%) -0.16 (0.29) 58 -0.07 (0.28) 0.80 -0.08 (0.05) .09
Hydromorphone 402 (71.8%) -0.07 (0.31) 82 -0.01 (0.31) 0.97 -0.06 (0.05) 23
Morphine 127 (22.7%) 0.26 (0.33) 43 0.34 (0.33) 0.30 -0.08 (0.05) 20
Oxycodone 416 (74.3%) 0.37 (0.32) 25 0.31(0.32) 0.33 0.07 (0.05) 23
Tramadol 72 (12.9%) -0.28 (0.41) 50 -0.16 (0.41) 0.69 -0.11 (0.08) 14

Medication categories reflect use prior to hospitalization, during hospitalization, and at hospital discharge. All models are adjusted for age, gender,
surgery type, Charlson comorbidity index, APACHE-II score, and cognition at baseline.

a . . - - -
The total effect represents the combined direct and indirect effect of the medication on cognition at 1 month.

The direct effect represents the effect of the medication on cognition that is not mediated by delirium.

The indirect effect represents the effect of the medication on cognition that is mediated by the effects the medication has on delirium.

Abbreviations: APACHE, Acute Physiologic and Chronic Health Evaluation; NSAIDs = Non-steroidal anti-inflammatory drugs; SE, standard error;
Statins = HMG-CoA reductase inhibitors
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