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Delirium following total joint replacement surgery
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ABSTRACT

Postoperative delirium (POD) is a common complication associated with increased resource utilization, morbidity and mortality. Our insti-
tution screens all postsurgical patients for postoperative delirium. The study aim was to perform an automated interrogation of the electronic
health records to estimate the incidence of and identify associated risk factors for POD following total joint arthroplasty (TJA). Adult patients
who underwent TJA with a multimodal analgesia protocol, including peripheral nerve blockade, from 2008 through 2012, underwent auto-
mated chart review. POD was identified by routine nursing assessment and administrative billing codes. Of 11,970 patients, 181 (1.5%) were
identified to have POD. Older age (odds ratio, 95% CI 2.20, 1.80—2.71 per decade, p < 0.001), dementia (7.44, 3.54—14.60, p < 0.001), diabetes
mellitus (1.70, 1.1.5-2.47, p = 0.009), renal disease (1.68, 1.03—2.65, p = 0.039), blood transfusions (2.04, 1.14—3.52, p = 0.017), and sedation during
anesthesia recovery (1.76, 1.23—2.51, p = 0.002) were associated with POD. Anesthetic management was not associated with POD risk. Patients
who developed POD required greater healthcare resources. Dementia is strongly associated with POD. The association between POD and
transfusions may reflect higher acuity patients or detrimental effect of blood. Postoperative sedation should be recognized as a warning sign

of increased risk.
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INTRODUCTION study is to interrogate the EHR of a previously described

cohort [8] of 11,970 patients who underwent elective TJA to
Postoperative delirium (POD) is a common complication determine the incidence of POD as detected by routine nurs-

associated with increased resource utilization, morbidity, and ~ ing assessment supplemented by administrative billing codes.
mortality [1]. Unfortunately, POD is underdiagnosed during A secondary aim is to assess patient and procedural character-
routine care [2], which placeslimitations on retrospectivestud-  istics for potential associations with POD.

ies reliant on administrative billing codes [3]. In addition, epi-
MATERIALS AND METHODS

sodes of delirium that occur during a period of hospitalization

for the treatment of any medical disorder are underreported,

even when specifically diagnosed [4]. Reported rates of POD This study was approved by the Mayo Clinic Institutional

effecting elective total joint arthroplasty (TJA) vary widely 5] Review Board and, consistent with Minnesota Statute 14.4.295,

which impedes efforts to investigate the true rates and risk only patients who provided authorization for research use of

factors associated with this complication. Routine structured their medical records were included.
assessments of hospitalized patients with diagnostic tools such )
as the Confusion Assessment Method for the Intensive Care Study design

Unit (CAM-ICU) increase the recognition of delirium [6,7] This study is a retrospective analysis of a previously
and have been a useful method for identifying POD cases in  described cohort [8] of adult patients from a single institution
patients in the ICU [3]. Our institution has a robust electronic ~ from January 1, 2008 to December 31, 2012, who underwent
health record (EHR) system that allow for detailed automated ~ elective total knee or hip arthroplasty under neuraxial (spinal
data abstraction of large patient cohorts [8]. The aim of this  or epidural) or general anesthesia supplemented by a periph-

eral nerve block and multimodal analgesia. The EHR of these
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The multimodal analgesic protocol used at our institution
has been previously described [9]. The protocol consists of
preoperative analgesic medications and continuous periph-
eral nerve blockade. Preoperative analgesic medications (sin-
gle doses that were not repeated postoperatively) included
a combination of 400 mg celecoxib, gabapentin on an age-
based dosing regimen (age: 18—59 years, 600 mg; 60—69 years,
300 mg; and >70 years, none), and sustained-release oxy-
codone on an age-based dosing regimen (age: 18—59 years,
20 mg; 60—74 years, 10 mg; and >75 years, none). The choice of
neuraxial or general anesthesia was based on the preference of
the patient and anesthesiologist.

Variables assessed

Medical, surgical, and anesthesia records were abstracted
using previously described automated electronic search strategy
of the EHR [10]. We obtained patient demographic variables and
comorbidities that are components of the Charlson Comorbidity
Index, that could have an association with POD [11]; perioper-
ative factors including type of surgery, surgical duration, blood
transfusions, type of anesthesia, perioperative analgesic admin-
istration; and the clinical course in the postanesthesia care unit
(PACU) including episodes of nursing-diagnosed respiratory
depression (episodes of apnea, hypopnea, desaturation, or
“pain-sedation” mismatch — episodes of severe pain in the set-
ting of moderate to deep sedation, see Gali et al. [12] for defini-
tions) and lowest Richmond Agitation-Sedation Scale (RASS)
score [13]. Furthermore, we recorded whether patients required
ICU admission, hospital length of stays, and discharge disposi-
tion (discharge to home or care facility, or death).

Delirium assessment

The presence of POD was detected using the CAM-
ICU or International Classification of Diseases-9-Clinical
Modification (ICD-9-CM) coding. In our practice, CAM-
ICU has been applied to all hospitalized surgical patients upon
admission, every nursing shift, and if there were interim men-
tal status changes. Administrative databases were reviewed
to identify ICD-9 codes for delirium (780.09, 293.0, 292.81,
290.11, 290.3, 291.0, 291.1, R41.0, and Fos).

Statistical analysis

The primary endpoint was a binary variable indicating
POD. Univariate analyses and multivariable logistic regression
analysis were performed to assess for patient and perioperative
variables and the development of POD. To assess if isoflurane,
the most fat-soluble volatile anesthetic used in our practice,
was associated with POD, a secondary analysis limited to the
subset of patients receiving general anesthesia was performed.
In all cases, two-tailed p < 0.05 was considered statistically
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significant. Data were analyzed with JMP version 10.0 soft-
ware (SAS Institute Inc., Cary, NC).

RESULTS

Out of 11,970 patients, 181 (1.5%, 15 per 1,000 cases; 95%
confidence interval [95% CIJ, 13—18) developed POD. Seventy-
seven cases were identified with ICD-9 codes and the remain-
der with CAM-ICU assessments. Patient and perioperative
characteristics and their association with POD are summa-
rized in Table 1. Multimodal analgesic components gab-
apentin and sustained-release oxycodone, administration of
midazolam or ketamine, and total perioperative intravenous
opioid dose were not associated with POD risk. Even though
there were higher rates of POD in patients undergoing gen-
eral anesthesia, an association was not found following multi-
variable analysis (Table 1). Isoflurane was used in 4,918 (74.1%)
of the general anesthetic cases. Of the 123 POD cases which
occurred after general anesthesia, isoflurane was used in
94 (76.4%) cases. Multivariable analysis limited to the general
anesthetic cases did not find an association between isoflu-
rane and POD, odds ratio 1.18, 95% CI 0.75, 1.91, p = 0.480. The
postoperative course is summarized in Table 2 with patients
who developed POD having higher rates of ICU admissions,
and longer PACU, ICU, and hospital lengths of stay.

DISCUSSION

In this study, we were able to employ an automated search
strategy to identify cases of POD in a large surgical cohort
undergoing elective TJA surgery. Using this method, we were
able to calculate an incidence of 15 cases of POD per 1,000 sur-
geries. A systematic review of four studies with 738 subjects
showed a range of reported POD from 0% to 10% of cases [14].
The study that reported a rate of 10% was a prospective study
by Jankowski et al. [15], which originated from our institu-
tion. There are several methodological differences between
these studies which explain the discrepancy in rates. First,
the timeframe (2003-2005) of the previous study predated
the introduction of an opioid-sparing multimodal analgesic
pathway into our practice, which included peripheral nerve
blocks [9]. Some evidence suggests that peripheral nerve
blocks may decrease POD with orthopedic procedures [16];
on the other hand, higher doses of opioids have been associ-
ated with POD following cardiac surgery [17]. Furthermore,
our institution has adopted other strategies to reduce the rate
of POD [18], which could also have yielded a lower recorded
rate. Unfortunately, the opioid administered in the Jankowski
study [15] was not reported but, in our cohort, intraoperative
opioid administration was low (Table 1). Another important
difference is that the Jankowski study included only patients
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TABLE 1. Patient and perioperative characteristics and their association with postoperative delirium

Univariate Multivariable model
POD (n=181) No POD (n=11,789) P Odds ratio (95% CI) p
Patient factors
Age, years® 754+11.7 65.9+122 <0.001 220 (1.80,2.71) <0.001
Male 87 (48.1) 5,299 (45.0) 0409 122 (0.89, 1.69) 0217
Body mass index, kg/m** 29.8+6.7 31.526.8 0.001 0.77 (0.58, 1.03) 0.087
Obstructive sleep apnea 31(17.1) 1,992 (16.9) 0.920 1.03 (0.64, 1.59) 0914
Myocardial infarction 21(11.6) 572 (4.9) <0.001 1.21 (0.69, 1.99) 0488
Congestive heart failure 11(6.1) 314(27) 0.011 0.83(0.39,1.61) 0.604
Chronic pulmonary disease 32(17.7) 1,441 (12.2) 0.030 1.8 (0.89, 2.06) 0.146
Dementia 13(7.2) 50 (0.4) <0.001 7.44 (3.54, 14.60) <0.001
Diabetes mellitus 46 (254) 1,687 (14.3) 0.0001 1.70 (1.15,247) 0.009
Renal disease 28 (15.5) 623 (5.3) <0.001 1.68 (1.03,2.65) 0.039
Multimodal analgesia
Gabapentin 89 (49.2) 7,949 (67.4) <0.001 0.86 (0.61,1.21) 0.378
Sustained-release oxycodone 40 (32.5) 3,399 (52.2) <0.001 0.97 (0.65, 1.44) 0.896
Anesthetic factors
Technique
General 123 (68.0) 6,514 (55.3) 0.001 1.00 (0.63, 1.59) 0.990
Spinal 58(32.0) 5,275 (44.7)
Midazolam 166 (91.7) 11,504 (97.6) <0.001 0.55(0.30,1.12) 0.097
Ketamine 27 (22.0) 1,292 (19.8) 0.569 1.35(0.88,2.02) 0.158
Opioid, IVME mg* 211,27 1.5(1,25] 0.256 1.11 (0.94,1.31) 0.225
Transfusion 26 (14.4) 436 (3.7) <0.001 2.04 (1.14,3.52) 0.017
Surgical factors
Duration of surgery, minutes* 123457 109447 0.0001 1.03 (0.99, 1.06) 0.077
Type of surgery
Knee 93 (51.4) 6,392 (54.2) 0.453 1.03 (0.75, 1.44) 0.838
Hip 88 (48.6) 5,397 (45.8)
Revision surgery 50 (27.6) 2,312 (19.6) 0.011 1.01 (0.67, 1.50) 0.970
PACU factors
RASS <-2 64 (35.4) 2,623 (22.3) <0.001 1.76 (1.23,2.51) 0.002
Respiratory specific events 42 (23.2) 2,794 (23.7) 0.930 0.96 (0.65, 1.38) 0.824

Data presented as mean+standard deviation, median [interquartile range], number (percentage). *Odds ratio presented in 10 unit increments.
POD: Post-operative delirium; IVME: Intravenous morphine equivalents; PACU: Postanesthesia care unit; RASS: Richmond agitation-sedation scale

65 years or older while the median age in the current cohort is

68, and advanced age was found to be an important risk fac-

tor for POD. A post hoc analysis of our data found the rate of

POD in the subset of patients 65 years or older to be 23 (95%
CI 20—27) cases per 1,000 surgeries. Finally, cases of POD in
the Jankowski study were identified prospectively, while our
relied on retrospective analysis. The routine clinical applica-
tion of CAM-ICU does increase the number of recognized
POD [6,7,19]. However, while CAM-ICU as a standardized
approach for the assessment of delirium has high sensitivity
and specificity when used in the ICU setting, a more recent
validation of CAM-ICU in non-critically ill hospitalized
patients reported high specificity, but lower sensitivity [20].
The lower sensitivity may result in missing true positive
events, especially mild cases [20], and therefore may in part
explain our low rate of POD.

In addition to age, we found associations between POD
and diabetes mellitus, kidney disease, and dementia - which
had the strongest association and is consistent with other

studies [21-23]. Anesthetic management variables were not
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TABLE 2. Length of Phase | recovery and hospital course in
patients who experienced delirium versus not following elective
total joint arthroplasty

Postoperative delirium

Outcome
Yes (n=181) No (1=11,789) P
Phase I recovery, minutes 137476 125463 0.010
ICU admission 43 (23.8) 396 (3.4) <0.001
ICU LOS, days” 1[1,3] 11,1] <0.001
Hospital LOS, days 514,7] 31(2,3] <0.001
Hospital mortality 1(0.55) 2(0.02) 0.045

Data are meanztstandard deviation, median [interquartile range],
number (percentage). *Comparison limited to those patients admit-
ted to the ICU. PACU: Postanesthesia care unit; ICU: Intensive care unit;
LOS: Length of stay

associated with increased rates of POD in multivariable anal-
ysis. Interestingly, univariate analysis suggested that patients at
higher risk of POD were less likely to be administered midaz-
olam, sustained-release oxycodone, and gabapentin. This may
reflect the age-based dosing regimen of these drugs, where by
protocol older, higher-risk, patients are less likely to be admin-
istered these medications [9,8]. In addition, choice of anes-
thetic (general versus neuraxial) was not associated with POD
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in multivariable analysis, a finding consistent with the litera-
ture [24]. Blood transfusions were found to be associated with
POD. However, the literature regarding perioperative blood
transfusions and POD is mixed [25], and our study design
cannot determine if transfusions are deleterious in this regard
(e.g. pro-inflammatory effect) or if patients at higher risk for
POD are also at higher risk for needing blood transfusions.
Finally, we observed that higher levels of sedation in the PACU
were associated with subsequent development of POD. Not
surprisingly, we observed that patients who developed POD
required greater resources during their hospitalization; how-
ever, it is unclear if the higher rates of ICU admissions among
patients who developed POD were contributory to the devel-
opment of this complication.

Our study has all inherited limitations of retrospective
design. The routine clinical use of the CAM as a means to
ascertain delirium in our practice has not been validated by
research criteria, and the overall incidence of detected delir-
ium obtained appears to be lower than that reported from
prospective investigations in earlier time periods. However,
any underreporting of delirium, if present across the entire
cohort, should not bias our conclusions regarding individual
risk factors for delirium.

In conclusion, an automated interrogation of the EHR of a
large cohort of patients undergoing elective TJA surgery was
able to identify cases of POD; however, this rate was lower
compared to previous prospective trials conducted at our
institution. Nevertheless, important risk factors for POD were
able to be identified, namely older age, dementia, blood trans-
fusions, and increased sedation during anesthetic recovery.
Recognition of these factors could identify higher risk patients
and help direct anti-POD measures appropriately.
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