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Introduction

One-third of surgeries in the United States are performed on 
people who are aged 65 years or older, and given our aging 
population, this percentage is expected to grow, increasing 
concern for age-specific complications such as postopera-
tive delirium [2]. Postoperative delirium, an acute decline 
in cognitive function, is one of the most common surgical 
complications, occurring in an estimated 5% to 50% of 
elderly patients undergoing surgery; it is costly, is at times 
preventable, and may profoundly affect patients’ postopera-
tive recovery [2,5,24,31].
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Abstract
Background: Increasing demand for shoulder arthroplasty and an aging population may increase the rate of complications 
associated with advanced age such as postoperative delirium, but little is known on its burden in this cohort. Purpose: We 
sought to answer the following questions: (1) What is the epidemiology of postoperative delirium after shoulder arthroplasty? 
(2) What modifiable risk factors can be identified for postoperative delirium after shoulder arthroplasty? (3) Do risk factors 
differ in those younger than and in those older than 70 years of age? Methods: In a retrospective nationwide cohort study, 
we extracted data from the Premier Healthcare database on inpatient total and reverse shoulder arthroplasties from 2006 
to 2016. The primary outcome was postoperative delirium; modifiable risk factors of interest were perioperative opioid 
use (high, medium, or low), peripheral nerve block use, and perioperative prescription medications. Mixed-effects models 
assessed associations between risk factors and postoperative delirium. Odds ratios and confidence intervals are reported. 
We applied a cutoff of 70 years of age because it was the median age of the cohort, as well as the age at which we observed 
that delirium prevalence increased. Results: A total of 92,429 total and reverse shoulder arthroplasties were identified (age 
range: 14–89 years). Overall delirium prevalence was 3.1% (n = 2909). Age-specific prevalence of postoperative delirium 
was lower in patients aged 50 to 70 years and higher in those aged 70 years and older, up to 8% among those older than 88 
years. After adjusting for relevant covariates, only long-acting and combined short-acting and long-acting benzodiazepines 
(compared with no benzodiazepines) were associated with increased odds of postoperative delirium. Corticosteroids were 
associated with decreased odds of postoperative delirium. Conclusion: Our retrospective cohort study demonstrated that 
benzodiazepine use and older patient age were significantly associated with postoperative delirium in shoulder arthroplasty 
patients. The relationship between benzodiazepine use and delirium was particularly notable among those 70 years of age 
and older. Further investigation is indicated, given the known adverse effects of benzodiazepines in older adults and our 
findings of higher than expected use of these medications in this surgical cohort.
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Various factors—including unmodifiable factors such as 
advanced age and modifiable factors such as type of anes-
thesia or medications used such as benzodiazepines and 
some nonopioid analgesics—have been proposed as risk 
factors and been studied in the context of total hip or knee 
arthroplasty and hip fracture repair surgery [2,17,20]. 
Importantly, risk mitigation requires a focus on modifiable 
risk factors for postoperative delirium, such as the use of 
medications including benzodiazepines, gabapentinoids, 
ketamine, opioids, and neuraxial anesthesia [17,20]. To 
date, however, an extensive evaluation of the burden of 
postoperative delirium and related modifiable risk factors is 
not available for patients undergoing shoulder arthroplasty. 
Such an evaluation may provide useful information given 
the characteristics of this surgical population (eg, advanced 
age and comorbidities), different anesthetic approaches 
compared with other orthopedic surgeries, and the current 
trend toward outpatient shoulder arthroplasty in carefully 
selected patients [6]. Moreover, demand for shoulder arthro-
plasty is increasing [9].

Using national observational claims data from patients 
undergoing total and reverse shoulder arthroplasty, we aimed 
to study (1) the epidemiology of postoperative delirium and 
related (modifiable pharmacological) perioperative risk fac-
tors, (2) their impact on postoperative delirium, and (3) the 
difference, if any, between age groups, given the higher 
prevalence of postoperative delirium in older patients.

Methods

We conducted a retrospective cohort study using the appli-
cable Strengthening the Reporting of Observational Studies 
in Epidemiology guidelines; it was approved as exempt by 
the institutional review board of our institution. Data were 
extracted from the nationwide Premier Healthcare database 
(Premier Inc, Charlotte, North Carolina), which contains 
detailed billing information on 20% to 25% of US hospital-
izations [15,21]. The Premier Healthcare database is a 
“large, U.S. hospital-based, service-level, all-payer database 
that contains information on inpatient discharges, primarily 
from geographically diverse non-profit, nongovernmental 
and community and teaching hospitals and health systems 
from rural and urban areas” [21]. All inpatient total shoulder 
arthroplasty and reverse shoulder arthroplasty (TSA/RSA) 
procedures recorded in this data set from 2006 to 2016 were 
initially included in the study cohort. This was defined using 
International Classification of Diseases, Ninth Revision 
(ICD-9) codes for TSA (81.80) and RSA (81.88) [25,29]. A 
total of 92,429 cases were included after the following 
exclusion criteria were applied: unknown sex (n = 34), 
unknown discharge status (n = 109), emergency admission 
(patient required immediate medical intervention as a result 
of a severe, life threatening, or potentially disabling condi-
tion) (n = 732), outpatient procedure (n = 1199), 

and procedure performed at a hospital with fewer than 30 
procedures during the study period (to ensure sufficient sam-
ple size per hospital; n = 2045). No patients were excluded 
on the basis of age.

An a priori analysis plan was made to identify main out-
comes, exposures, and other variables of interest. Patients 
with postoperative delirium, the primary outcome, were 
identified by either ICD-9 codes for delirium (290.3, 293, 
293.1, 780.09) or billing for antipsychotics (specifically 
haloperidol, olanzapine, and quetiapine), as previously 
described [11,17,20]. International Classification of 
Diseases, Ninth Revision codes were not used alone because 
delirium is often not diagnosed, but billing for antipsychot-
ics provides another mechanism of identifying patients with 
delirium, as these medications are commonly used for this 
condition. This method was chosen based on previous 
research showing that using ICD diagnosis codes or anti-
psychotic billing to define delirium increases sensitivity 
with little change in specificity, as compared with using 
ICD diagnosis codes alone, antipsychotic billing alone, and 
ICD diagnosis and antipsychotic billing together [11].

Modifiable perioperative risk factors were extracted from 
those mentioned in the American Geriatrics Society best 
practice statement on postoperative delirium [2]. These 
included perioperative opioid use (defined as opioid use on 
the day of surgery [D0] or the day after surgery [D1], catego-
rized into high, medium, or low), peripheral nerve block use, 
and the following medications prescribed on either D0 or 
D1: benzodiazepines (short-acting and long-acting, the latter 
including intermediate-acting), meperidine, nonbenzodiaze-
pine (sedative) hypnotics, ketamine, corticosteroids, and 
gabapentinoids (Supplemental Table 1). Opioid use on D0 or 
D1 was derived from charges for opioids and was expressed 
in oral morphine equivalents, calculated using the Lexicomp 
“opioid agonist conversion” and the GlobalRPH “opioid 
analgesic converter” calculator [14,16]. This was then cate-
gorized into 3 groups using percentiles; cutoffs for low, 
medium, and high use were based on the below 25th (low), 
25th to 75th (medium), and above 75th (high) percentiles.

Patient-specific variables were gathered from the 
Premier database and included age, sex, and race (white, 
black, other). Health care–specific variables included insur-
ance used for procedure (commercial, Medicaid, Medicare, 
or self-pay—including uninsured or unknown), hospital 
location (rural, urban), hospital bed size (below 300, 300–
499, 500 or more beds), hospital teaching status, and hospi-
tal-specific volume of annual shoulder arthroplasties. 
Procedure-specific variables included year of procedure, 
admission type (elective, nonelective), surgery type (RSA 
or TSA), use of nonopioid analgesics not listed above 
(including nonsteroidal anti-inflammatory drugs, cyclooxy-
genase-2 inhibitors, and acetaminophen). Nonelective 
admission occurs when the first-available treatment is nec-
essary but the patient does not meet the criteria for an 
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emergency admission. In an elective admission, the patient 
can schedule surgery at their convenience. Comorbidity 
burden, including dementia, was determined using the Quan 
adaptation of the Charlson-Deyo comorbidity index [22]. 
History of substance use disorder, chronic pain conditions, 
and psychiatric conditions were also included as covariates 
as they may influence opioid use. These were defined using 
ICD-9 diagnosis codes, as previously described [12].

First, the general epidemiology of postoperative delir-
ium in this surgical cohort was assessed through age-spe-
cific prevalence estimates (ie, the prevalence of delirium for 
each age in the cohort) and delirium prevalence stratified by 
all study variables. In addition, trends in prevalence of all 
candidate risk factors were graphed to assess the influence 
of changes over time on our multivariable models. Given 
the large sample size, group differences in our univariable 
analysis (comparing those with and without delirium) were 
assessed by applying standardized differences. Here, a stan-
dardized difference of 0.1 (or 10%) indicates a meaningful 
difference [4,30]. Second, mixed-effects (multivariable) 
models assessed associations between the (perioperative) 
risk factors of interest and postoperative delirium. Third, 
given the higher prevalence of postoperative delirium in 
older age groups, we performed the same multivariable 
analysis in a younger and older age groups by applying an 
interaction term to variables of interest. Here, a cutoff of 70 
years was applied as this was the median as well as the age 
after which delirium risk started increasing. All available 
variables (as described above) were included in our multi-
variable models. For the multivariable analysis, adjusted 
odds ratios (ORs) and Bonferroni-adjusted confidence 
intervals (CIs) with P values are reported, considering the 
number of hypotheses tested for in the main analyses (27 
hypotheses), thus reducing the risk of type I errors (false-
positive associations). However, this step may increase the 
likelihood of type II errors (false-negative associations) 
[19]. For all models, PROC GLIMMIX in SAS v9.4 statisti-
cal software was used.

The following post hoc sensitivity analyses were per-
formed to reduce or assess for the potential risk of misclas-
sification bias and to increase the robustness of the algorithm 
used to extract cases of delirium:

1. Varying the definition of delirium. Here, delirium 
was defined using ICD-9 diagnosis codes, thus 
removing all cases that were identified by billing 
codes for delirium-related medications. Furthermore, 
the cohort was restricted only to hospitals that used 
ICD-9 codes for the identification of delirium, under 
the assumption that in those hospitals potential 
underreporting of delirium may be less pronounced.

2. Specifically adjusting for dementia. Given the likely 
strong association between dementia and delirium, 
dementia was removed from the Charlson-Deyo 

comorbidity index and added as a distinct covariate 
to account for potential bias.

3. Adding a graph demonstrating age-specific use of 
benzodiazepines.

Results

Among the 92,429 TSA/RSA procedures (age range: 14–89 
years) included in our analysis, the prevalence of postopera-
tive delirium was 3.1% (n = 2909). When evaluating age-
specific risks (Fig. 1), we observed a decreasing trend in 
patients younger than 70 years and an increasing trend in 
patients 70 years and older, with the age-specific prevalence 
reaching 8% for the oldest patients. While the rate of delir-
ium increased at age 70, benzodiazepine use decreased at 
around the same age, but remained above 50% across all 
ages (Fig. 2). Regarding medication use over time (Fig. 
3a-–d), pronounced trends were seen for peripheral nerve 
blocks (increasing trend), gabapentinoids (increasing 
trend), meperidine (decreasing trend), hypnotics (decreas-
ing trend), corticosteroids (decreasing trend), ketamine 
(decreasing trend), and opioid use (decreasing trend). 
Interestingly, fewer clear trends were observed for benzodi-
azepines, with a high baseline use of short-acting benzodi-
azepines. In our study, 83.2% (n = 79,936) of patients 
received some form of benzodiazepines.

In the univariable analysis, higher postoperative delirium 
risks were seen in female patients (3.6%), those on Medicaid 
(5.5%), those treated in large (3.8%) and teaching (3.7%) 
hospitals, those with a nonelective admission (6.1%), those 
undergoing TSA (3.9%), those receiving long-acting benzo-
diazepines (both alone and in combination with short-acting 
benzodiazepines, prevalence up to 8.8%), those receiving 
either gabapentinoids (3.9%) or acetaminophen (3.9%), and 
those with a higher comorbidity burden (up to 8%), all with 
standard differences >0.1 (Supplemental Table 2).

After adjustment for relevant covariates in the multivari-
able analysis, increased odds for postoperative delirium 
were seen for older age (OR = 1.01, 99.82% CI = 1.00–1.02; 
P < .0001), long-acting benzodiazepine use (OR = 2.24, 
99.82% CI = 1.67–2.99; P < .0001), and combined use of 
short-acting and long-acting benzodiazepines (OR = 1.87, 
99.82% CI = 1.51–2.32; P < .0001). Decreased odds for 
postoperative delirium were seen for corticosteroid use (OR 
= 0.72, 99.82% CI = 0.53–0.99; P = .0013). No significant 
associations were seen in other remaining risk factors of 
interest (Table 1; Supplemental Table 3). When stratifying 
by age, the effect of benzodiazepines remained significant 
in both groups. Only long-acting benzodiazepines (<70 
years: OR = 2.30, 99.82% CI = 1.41–3.75; ≥70 years: OR = 
2.23, 99.82% CI = 1.54–3.21; P < .0001) and combined use 
of short-acting and long-acting benzodiazepines (<70 years: 
OR = 2.03, 99.82% CI = 1.42–2.91; ≥70 years: OR = 1.72; 
99.82% CI = 1.31–2.24; P < .0001) were significant. When 
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stratifying by age, gabapentinoids significantly increased 
the odds for postoperative delirium in those younger than 
70 years (OR = 1.29, 99.82% CI = 1.05–1.59; P = .0002). 
The use of corticosteroids was not significant for either age 

group (P = .0400): age younger than 70 years (OR = 0.74; 
99.82% CI = 0.47–1.17) or age 70 years or older (OR = 
0.70, 99.82% CI = 0.46–1.08; Table 2 and Supplemental 
Table 4).

Fig. 1. The graph shows age-specific prevalence of postoperative delirium.

Fig. 2. The graph shows age-specific rates of benzodiazepine use.
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The various sensitivity analyses did not alter our main 
conclusions (Supplemental Tables 5 and 6).

Discussion

In this retrospective cohort study of 92,429 TSA and RSA 
procedures, we observed a postoperative delirium preva-
lence of 3.1%, with age-specific trends in those younger 
than 70 years than in those 70 years or older, without a clear 
plateau. Postoperative delirium was associated with the use 
of long-acting benzodiazepines and combined use of short-
acting and long-acting benzodiazepines. Interestingly, the 
use of benzodiazepines stayed relatively stable over time, 
and there was high baseline use of specifically short-acting 
benzodiazepines.

This study has limitations. First, given the observational 
nature of the methods, we can infer only associations and not 
causation. Second, delirium in this study is defined by ICD 
codes and billing codes for antipsychotics; thus, clinical 
information about delirium timing, severity, and subtype 
(hypoactive vs hyperactive) was not accessible. This reflects 
challenges in clinical practice; there is no standardized 
screening for delirium and cases may not be recognized 
[2,7,20]. While the rate of delirium in our study is in the 
range found in shoulder arthroplasty and in hip and knee 

arthroplasty (<1–14%), this limitation applies to most retro-
spective research on postoperative delirium, suggesting that 
the research likely underestimates its prevalence [11,17,18]. 
Nevertheless, to improve the sensitivity and specificity of 
delirium detection, we performed multiple sensitivity analy-
ses to eliminate potential confounders. Third, billing for ket-
amine, opioids, and benzodiazepines might not equate to 
actual administration. However, this misclassification bias 
should be independent of delirium prevalence, and given the 
short timeframe investigated (within 48 hours of surgery), 
we believe this should be closely linked. Finally, this 
research focused on a subset of medications, primarily given 
postoperatively, and additional research is needed to isolate 
the effects of intraoperative anesthetics in patients undergo-
ing shoulder arthroplasty.

The literature on postoperative delirium has reported a 
wide range of prevalence (between 3% and 50%) in older 
patients undergoing various surgical procedures [3,17]. For 
example, in lower extremity total joint arthroplasties, the 
prevalence of postoperative delirium has been reported to 
range from 2.6% to as high as 14.3% [17,18]. Given the 
higher median age of patients undergoing shoulder arthro-
plasty (compared with lower extremity joint arthroplasty), 
we were surprised to find a lower delirium prevalence in the 
current study. Much of the postoperative delirium literature 

Fig. 3. The graphs show trends of the following exposures of interest: (a) use of a peripheral nerve block, (b) use of benzodiazepines, 
(c) use of meperidine, hypnotics, ketamine, corticosteroids, and gabapentinoids, and (d) median age and median opioid utilization.
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Table 1. Results from multivariable models; odds ratios depicting effect estimates for the postoperative delirium risk factors of 
interest.

Postoperative delirium risk factors of interest OR (99.82% CI) P value

Age (continuous) 1.01 (1.00–1.02)* <.0001*
Perioperative opioids; total dose used
 Low (<25th percentile) Ref —
 Medium (25–75th percentile) 1.01 (0.85–1.20) .8786
 High (>75th percentile) 1.01 (0.82–1.25) .8402
Peripheral nerve block (Ref. = no use) .0968
Benzodiazepines
 None Ref —
 Short-acting 0.83 (0.69–1.01) .0032
 Long-acting 2.24 (1.67–2.99)* <.0001*
 Short-acting + long-acting 1.87 (1.51–2.32)* <.0001*
Meperidine (Ref. = no use) 1.06 (0.78–1.43) .5683
Hypnotics (Ref. = no use) 1.02 (0.82–1.26) .8050
Ketamine (Ref. = no use) 0.98 (0.66–1.45) .8528
Corticosteroids (Ref. = no use) 0.72 (0.53–0.99)* .0013*
Gabapentinoids (Ref. = no use) 1.14 (0.98–1.34) .0069

Model adjusted for: sex, race (gathered from database), insurance used for procedure, hospital location, size, teaching status, reverse shoulder 
arthroplasty/total shoulder arthroplasty procedure volume, year of procedure, admission type, surgery type, use of nonopioid analgesics, Charlson-
Deyo comorbidities, history of substance use disorder, chronic pain, or psychiatric conditions.
OR odds ratio, CI confidence interval, Ref. reference.
*P < .0019 (Bonferroni-adjusted significance threshold).

Table 2. Results from multivariable models with separate effect estimates per age group; odds ratios depicting effect estimates for 
the postoperative delirium risk factors of interest.

Postoperative delirium risk factors of 
interest

<70 years ≥70 years P value (P value for 
interaction term if 

applicable)OR (99.82% CI) OR (99.82% CI)

Perioperative opioids; total dose used
 Low (<25th percentile) Ref Ref —
 Medium (25–75th percentile) 1.17 (0.86–1.66) 0.95 (0.77–1.16) .0883 (.0627)
 High (>75th percentile) 1.20 (0.87–1.66) 0.88 (0.68–1.15) .1075 (.0177)
Peripheral nerve block (Ref. = no use) 0.99 (0.78–1.26) 0.80 (0.61–1.04)  
Benzodiazepines
 None Ref Ref  
 Short-acting 0.88 (0.62–1.24) 0.81 (0.65–1.01) .2371 (.5188)
 Long-acting 2.30 (1.41–3.75)* 2.23 (1.54–3.21)* <.0001* (.8669)
 Short-acting + long-acting 2.03 (1.42–2.91)* 1.72 (1.31–2.24)* <.0001* (.2292)
Meperidine (Ref. = no use) 0.97 (0.63–1.48) 1.14 (0.76–1.71) .8084 (.3692)
Hypnotics (Ref. = no use) 1.14 (0.86–1.52) 0.88 (0.63–1.21) .1508 (.0563)
Ketamine (Ref. = no use) 1.06 (0.63–1.79) 0.88 (0.49–1.58) .7279 (.4609)
Corticosteroids (Ref. = no use) 0.74 (0.47–1.17) 0.70 (0.46–1.08) .0400 (.7978)
Gabapentinoids (Ref. = no use) 1.29 (1.05–1.59)* 1.00 (0.81–1.25) .0002* (.0072)

Model adjusted for: sex, race (gathered from database), insurance utilized for procedure, hospital location, size, teaching status, reverse shoulder 
arthroplasty/total shoulder arthroplasty procedure volume, year of procedure, admission type, surgery type, use of nonopioid analgesics, Charlson-
Deyo comorbidities, history of substance use disorder, chronic pain, or psychiatric conditions.
OR odds ratio, CI confidence interval, Ref reference.
*P < .0019 (Bonferroni-adjusted significance threshold).
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focuses on outcomes after hip fracture repair [1,26]. A lower 
rate of delirium may be seen in the TSA and RSA popula-
tion, as may lower rates of known risk factors for postopera-
tive delirium including transfusions, intensive care unit 
admissions, and poor preoperative health [13,27].

Few studies have directly addressed the burden of postop-
erative delirium in patients undergoing TSA/RSA. One study 
assessing the impact of depression on outcomes after shoulder 
arthroplasty found a link between depression and postopera-
tive delirium but in a cohort with a less than 1% prevalence of 
delirium [18]. While the prevalence of 3.1% found in our study 
may be a more accurate burden (as we did not rely solely on 
ICD codes but also used proxies such as billing for antipsy-
chotics), this still may reflect an underestimation, as there is no 
universal screening for postoperative delirium after shoulder 
arthroplasty, and hypoactive delirium in particular may be eas-
ily overlooked [11,17,20]. Future studies should focus on the 
utility of screening in certain high-risk groups given the aging 
surgical population and growing demand for TSA/RSA [9].

Our analysis indicated a sharp increase in postoperative 
delirium in patients aged 70 years and older, reaching up to 
8% without a clear plateau. This finding suggests the poten-
tial benefit of risk-reduction strategies in older patients tar-
geting polypharmacy, the use of high-risk drugs, and 
underlying impaired cognition [2,3,20].

While we studied various risk factors, the most consis-
tent association was seen for the use of long-acting benzo-
diazepines and combined use of short-acting and long-acting 
benzodiazepines with increased odds of postoperative delir-
ium, an association that has been noted in lower extremity 
arthroplasty [17,20]. Notably, given the age composition of 
this surgical cohort, the majority of patients received some 
form of benzodiazepines. The use of benzodiazepines in 
elderly patients is surprising, given the known risk of ben-
zodiazepine use in the elderly. Benzodiazepine use—
regardless of short or long half-life—has been linked to an 
increased risk of falls, hip fracture, and cognitive impair-
ment; thus, the association with postoperative delirium is of 
particular importance [3,8]. Indeed, the 2019 edition of the 
American Geriatrics Society Beers Criteria for Potentially 
Inappropriate Medication Use in Older Adults recommends 
that benzodiazepines be avoided in elderly patients [2,3]. 
This contrasts with our findings of a relatively high use of 
specifically short-acting benzodiazepines in this surgical 
cohort with no clear trend in decreasing use over time. 
While there is a slow decrease with age beginning around 
age 70, the rate continues to remain above 50%. Given the 
stated recommendation, this finding deserves additional 
study, specifically focusing on indications and characteriza-
tion of prescribing patterns in this elderly surgical popula-
tion and the effects of preoperative benzodiazepine use. The 
use of long-acting benzodiazepines in this surgical cohort 
requires further scrutiny, using data sources with more 
information on potential indications.

The association of long-acting benzodiazepines and 
combined short-acting and long-acting benzodiazepines 
with increased odds of postoperative delirium is present in 
both age groups. Benzodiazepine use among all patients 
should be monitored in those undergoing for shoulder 
arthroplasty. Rate of benzodiazepine use slowly decreases 
beginning at age 70, and this may contribute to the differ-
ence in risk factors in the 2 groups. In contrast, patients 
aged 70 years and older showed a sharp increase in age-
specific delirium risk, possibly due to higher baseline risks 
of polypharmacy and underlying impaired cognition. 
Therefore, while reducing benzodiazepine use in patients 
over 70 years of age is necessary and in line with American 
Geriatric Society guidelines, additional interventions are 
likely needed to reduce postoperative delirium [2,3,20].

Of note, perioperative opioid use on D0 or D1 (irrespec-
tive of dose) was not associated with increased risk of post-
operative delirium. This finding supports prior research that 
found no association between use of any postoperative opi-
oids and delirium [26]. Yet, it has been shown that, for 
example, people with dementia receive lower doses of opi-
oids postoperatively, possibly due to the concern that this 
will increase their risk of postoperative delirium [1,26]. 
Judicious opioid use is important, as are concerns about 
postoperative pain management.

Our findings may inform surgical practice on the need 
for preoperative risk stratification and screening, specifi-
cally among certain patients. Such preoperative risk stratifi-
cation and screening strategies have been shown to result in 
significant decreases in postoperative complications, 
including delirium, in a total knee arthroplasty study popu-
lation [23]. Policy shifts may incentivize increased risk 
stratification in shoulder arthroplasty patients, including 
bundled payments and outpatient surgery [10,28]. In the 
former, screening and risk stratification would be beneficial 
in earlier recognition and subsequent intervention to mini-
mize patient harm and health care expenditures; in the lat-
ter, screening strategies could aid in candidate selection for 
either inpatient or outpatient shoulder arthroplasty. Such 
policies further emphasize the continued need for research, 
including prospective clinical studies, in testing the utility 
of screening and risk stratification strategies in clinical 
practice.

In conclusion, our retrospective cohort study using a 
national database suggests that benzodiazepine use and 
increasing patient age are significantly associated with 
postoperative delirium in shoulder arthroplasty patients. 
Moreover, benzodiazepine use was common even in the 
oldest patients in our study. In addition, we found an inflec-
tion point at 70 years of age where age-specific delirium 
prevalence sharply increased. Our findings suggest that 
future studies are needed on the utility of preoperative risk 
screening and stratification in mitigating risk of postopera-
tive delirium in shoulder arthroplasty patients.



20 HSS Journal®: The Musculoskeletal Journal of Hospital for Special Surgery 19(1)

Declaration of Conflicting Interests

The author(s) declared the following potential conflicts of interest 
with respect to the research, authorship, and/or publication of this 
article: Paul J. Cagle, MD, declares relationships with Stryker and 
Johnson & Johnson. The other authors declare no potential con-
flicts of interest.

Funding

The author(s) received no financial support for the research, 
authorship, and/or publication of this article.

Human/Animal Rights

All procedures followed were in accordance with the ethical stan-
dards of the responsible committee on human experimentation 
(institutional and national) and with the Helsinki Declaration of 
1975, as revised in 2013.

Informed Consent

Informed consent was waived for all patients included in this 
study.

Level of Evidence

Level IV, retrospective prognostic study.

Required Author Forms

Disclosure forms provided by the authors are available with the 
online version of this article as supplemental material.

CME Credit

Please go to HSS eAcademy at https://bit.ly/HSSJCME to find this 
and all journal-related CME, complete the online post-test, and 
claim CME credit.

ORCID iD

Sara N. Kiani  https://orcid.org/0000-0002-3200-9398

Supplemental Material

Supplemental material for this article is available online.

References

 1. Adunsky A, Levy R, Mizrahi E, Arad M. Exposure to opioid 
analgesia in cognitively impaired and delirious elderly hip 
fracture patients. Arch Gerontol Geriatr. 2002;35(3):245–
251. https://doi.org/10.1016/s0167-4943(02)00044-4.

 2. American Geriatrics Society Expert Panel on Postoperative 
Delirium in Older Adults. Postoperative delirium in older 
adults: best practice statement from the American Geriatrics 
Society. J Am Coll Surg. 2015;220(2):136–148.e1. https://
doi.org/10.1016/j.jamcollsurg.2014.10.019.

 3. American Geriatrics Society 2019 Beers Criteria Update 
Expert Panel. American Geriatrics Society 2019 updated 
beers criteria for potentially inappropriate medication use in 
older adults. J Am Geriatr Soc. 2019;67(4):674–694. https://
doi.org/10.1111/jgs.15767.

 4. Austin PC. An introduction to propensity score methods for 
reducing the effects of confounding in observational studies. 
Multivariate Behav Res. 2011;46(3):399–424. https://doi.org/
10.1080/00273171.2011.568786.

 5. Bin Abd Razak HR, Yung WY. Postoperative delirium in 
patients undergoing total joint arthroplasty: a systematic 
review. J Arthroplasty. 2015;30(8):1414–1417. https://doi.
org/10.1016/j.arth.2015.03.012.

 6. Brolin TJ, Throckmorton TW. Outpatient shoulder arthro-
plasty. Orthop Clin North Am. 2018;49(1):73–79. https://doi.
org/10.1016/j.ocl.2017.08.011.

 7. Collins N, Blanchard MR, Tookman A, Sampson EL. 
Detection of delirium in the acute hospital. Age Ageing. 
2010;39(1):131–135. https://doi.org/10.1093/ageing/afp201.

 8. Cozowicz C, Zhong H, Illescas A, et al. The perioperative 
use of benzodiazepines for major orthopedic surgery in the 
United States. Anesth Analg. 2022;134(3):486–495. https://
doi.org/10.1213/ANE.0000000000005854.

 9. Day JS, Lau E, Ong KL, Williams GR, Ramsey ML, Kurtz 
SM. Prevalence and projections of total shoulder and elbow 
arthroplasty in the United States to 2015. J Shoulder Elbow 
Surg. 2010;19(8):1115–1120. https://doi.org/10.1016/j.
jse.2010.02.009.

 10. Fournier MN, Brolin TJ, Azar FM, Stephens R, Throckmorton 
TW. Identifying appropriate candidates for ambulatory outpa-
tient shoulder arthroplasty: validation of a patient selection 
algorithm. J Shoulder Elbow Surg. 2019;28(1):65–70. https://
doi.org/10.1016/j.jse.2018.06.017.

 11. Kim DH, Lee J, Kim CA, et al. Evaluation of algorithms to 
identify delirium in administrative claims and drug utilization 
database. Pharmacoepidemiol Drug Saf. 2017;26(8):945–
953. https://doi.org/10.1002/pds.4226.

 12. Ladha KS, Patorno E, Huybrechts KF, Liu J, Rathmell JP, 
Bateman BT. Variations in the use of perioperative multi-
modal analgesic therapy. Anesthesiology. 2016;124(4):837–
845. https://doi.org/10.1097/ALN.0000000000001034.

 13. Lee HB, Mears SC, Rosenberg PB, Leoutsakos J, Gottschalk 
A, Sieber FE. Predisposing factors for postoperative delir-
ium after hip fracture repair in individuals with and without 
dementia. J Am Geriatr Soc. 2011;59:2306–2313.

 14. Lexicomp. Opioid agonist conversion. Date unknown. http://
online.lexi.com/lco/action/calc/calculator/70050. Accessed 
April 22, 2019.

 15. Makadia R, Ryan PB. Transforming the premier perspec-
tive hospital database into the observational medical out-
comes partnership (OMOP) common data model. EGEMS 
(Wash DC). 2014;2(1):1110. https://doi.org/10.13063/2327-
9214.1110.

 16. McAuley D, Pharm D. Opioid analgesic converter. 
GlobalRPH. Date unknown. https://globalrph.com/medcalcs/
opioid-conversions-calc-original-single-agent/. Accessed 
April 22, 2019.

 17. Memtsoudis S, Cozowicz C, Zubizarreta N, et al. Risk fac-
tors for postoperative delirium in patients undergoing lower 
extremity joint arthroplasty: a retrospective population-based 
cohort. Reg Anesth Pain Med. 2019;44:934–943. https://doi.
org/10.1136/rapm-2019-100700.

 18. Mollon B, Mahure SA, Ding DY, Zuckerman JD, Kwon YW. 
The influence of a history of clinical depression on peri-oper-



Kiani et al 21

ative outcomes in elective total shoulder arthroplasty: a ten-
year national analysis. Bone Joint J. 2016;98-B(6):818–824. 
https://doi.org/10.1302/0301-620X.98B6.37208.

 19. Perneger TV. What’s wrong with Bonferroni adjustments. 
BMJ. 1998;316(7139):1236–1238. https://doi.org/10.1136/
bmj.316.7139.1236.

 20. Poeran J, Cozowicz C, Zubizarreta N, et al. Modifiable fac-
tors associated with postoperative delirium after hip fracture 
repair: an age-stratified retrospective cohort study. Eur J 
Anaesthesiol. 2020;37(8):649–658. https://doi.org/10.1097/
EJA.0000000000001197.

 21. Premier Healthcare Database. White paper: data that informs 
and performs. https://learn.premierinc.com/white-papers/
premier-healthcare-database-whitepaper. Published 2020. 
Accessed October 12, 2020.

 22. Quan H, Sundararajan V, Halfon P, et al. Coding algorithms 
for defining comorbidities in ICD-9-CM and ICD-10 admin-
istrative data. Med Care. 2005;43(11):1130–1139. https://doi.
org/10.1097/01.mlr.0000182534.19832.83.

 23. Radcliff KE, Orozco FR, Quinones D, Rhoades D, Sidhu GS, 
Ong AC. Preoperative risk stratification reduces the incidence 
of perioperative complications after total knee arthroplasty. 
J Arthroplasty. 2012;27(suppl 8):77–80.e808. https://doi.
org/10.1016/j.arth.2012.03.026.

 24. Robinson TN, Kovar A, Carmichael H, Overbey DM, Goode 
CM, Jones TS. Postoperative delirium is associated with 
decreased recovery of ambulation one-month after surgery. 
Am J Surg. 2021;221(4):856–861. https://doi.org/10.1016/j.
amjsurg.2020.08.031.

 25. Rosas S, Sabeh KG, Buller LT, Law TY, Kalandiak SP, 
Levy JC. Comorbidity effects on shoulder arthroplasty costs 

analysis of a nationwide private payer insurance data set. J 
Shoulder Elbow Surg. 2017;26(7):e216–e221. https://doi.
org/10.1016/j.jse.2016.11.044.

 26. Sieber FE, Mears S, Lee H, Gottschalk A. Postoperative 
opioid consumption and its relationship to cognitive func-
tion in older adults with hip fracture. J Am Geriatr Soc. 
2011;59(12):2256–2262. https://doi.org/10.1111/j.1532-
5415.2011.03729.x.

 27. Sieber FE, Zakriya KJ, Gottschalk A, et al. Sedation depth 
during spinal anesthesia and the development of postop-
erative delirium in elderly patients undergoing hip fracture 
repair. Mayo Clinic Proc. 2010;85:18–26.

 28. Walters JD, Walsh RN, Smith RA, Brolin TJ, Azar FM, 
Throckmorton TW. Bundled payment plans are associated 
with notable cost savings for ambulatory outpatient total shoul-
der arthroplasty. J Am Acad Orthop Surg. 2020;28(19):795–
801. https://doi.org/10.5435/JAAOS-D-19-00441.

 29. Wickman JR, Goltz DE, Levin JM, Lassiter T, Anakwenze 
OA, Klifto CS. Early aseptic reoperation after shoulder arthro-
plasty increases risk of subsequent prosthetic joint infection. 
JSES Int. 2021;5(6):1067–1071. https://doi.org/10.1016/j.
jseint.2021.06.002.

 30. Yang D, Dalton JE. A unified approach to measuring the 
effect size between two groups using SAS. SAS Global 
Forum. 2012;35:1–6.

 31. Zywiel MG, Hurley RT, Perruccio AV, Hancock-Howard RL, 
Coyte PC, Rampersaud YR. Health economic implications of 
perioperative delirium in older patients after surgery for a fra-
gility hip fracture. J Bone Joint Surg Am. 2015;97(10):829–
836. https://doi.org/10.2106/JBJS.N.00724.


