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Abstract 

Background  Postoperative delirium (POD) is a common surgical complication. However, the incidence and risk 
factors associated with postoperative delirium after revision total knee arthroplasty (rTKA) have not been comprehen-
sively explored through extensive national databases.

Methods  Utilizing the National Inpatient Sample (NIS), the largest comprehensive U.S. hospital healthcare database, 
we undertook a retrospective investigation involving 127,400 patients who underwent rTKA between 2010 and 2019. 
We assessed various aspects, including patient demographics, hospital characteristics, pre-existing medical condi-
tions, and perioperative complications.

Results  The overall incidence of postoperative delirium (POD) in patients undergoing rTKA between 2010 and 2019 
was 0.97%. The highest incidence rate of 1.31% was recorded in 2013. Notably, this patient cohort demonstrated 
advanced age, increased burden of co-morbidities, prolonged hospital stays, increased hospitalization costs, and ele-
vated in-hospital mortality rates (P < 0.001). Moreover, non-elective admissions, non-private insurance payments, 
and a preference for teaching hospitals were commonly observed among these patients. During their hospitaliza-
tion, individuals who developed delirium subsequent to rTKA were more prone to experiencing certain periopera-
tive complications. These complications encompassed medical issues like acute myocardial infarction, continuous 
invasive mechanical ventilation, postoperative shock, sepsis, stroke and other medical problems. Additionally, surgical 
complications including hemorrhage / seroma / hematoma, irrigation and debridement, prosthetic joint infection, 
periprosthetic fracture, and wound dehiscence / nonunion were noted. Several risk factors were found to be linked 
with the development of POD. These included advanced age (≥ 75 years), alcohol abuse, coagulation disorders, 
congestive heart failure, depression, fluid and electrolyte imbalances, and more. Conversely, female sex, having private 
insurance, and undergoing elective hospitalization emerged as protective factors against POD.
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Conclusion  Our findings suggest that the general prevalence of POD in rTKA is relatively low according to NIS. 
There was a significant connection between the POD of rTKA and advanced age, prolonged length of stay (LOS), 
more in-patients’ costs, higher in-hospital mortality rate, increased comorbidities, postoperative medical complica-
tions and postoperative surgical complications. This study helps to understand the risk factors associated with POD 
to improve poor outcomes.

Keywords  Nationwide inpatient sample, Delirium, Postoperative complications, Risk factors, Revision total knee 
arthroplasty

Background
TKAs are performed more than 1,000,000 per year in 
the United States, remaining among the most success-
ful modern surgical procedures to preserve the function 
of the joint and alleviate pain [1, 2]. However, as indi-
cated by the NIS analysis, the demand for rTKA is pro-
jected to surge by 601%, soaring from 38,300 cases in 
2005 to a staggering 268,200 cases by the year 2030 [2]. 
Furthermore, the projected burden for TKA revisions is 
anticipated to reach 7.2% by the year 2030. This revision 
burden is attributed to various factors, including aseptic 
loosening (29.8%), septic loosening (14.8%), pain (9.5%), 
wear (8.2%), and other causes [2, 3]. Additionally, a sig-
nificant proportion of postoperative patients will develop 
postoperative complications.

Delirium is a neurological syndrome with complex and 
unclear etiology and pathogenesis, which is characterized 
by decreased cognitive function, consciousness or percep-
tion [4–6]. This acute alteration in mental status includes 
the inability to focus or keep attention and disorientation, 
and memory deterioration, which is associated with the 
brain’s maladaptive response to surgical stress [5–8]. POD 
remains a common complication for perioperative clini-
cians and geriatric patients, especially given its associa-
tion with total joint arthroplasty (TJA) [1, 9, 10]. Notably, 
it is a significant source of progressive injury, higher mor-
tality, long-term cognitive impairment, and incidence of 
complications, with a burdensome possession on patients, 
their family members, and society in all aspects [5, 11–
15]. For nearly 2.4 billion elderly patients nationally, total 
direct 1-year health care costs attributable to delirium 
at the expense of between $143 billion and $152 billion 
annually because of increased morbidity and mortality, 
worse surgical outcomes, and more extended hospital 
stays [16–19]. Moreover, in addition to the acute episodes 
of POD, perioperative disturbances of cognition may also 
be manifested as postoperative cognitive decline (POCD) 
after hospital discharge [20]. Unlike POD, it is not a clini-
cal diagnosis which is defined as a decline in performance 
on cognitive tests compared with preoperative perfor-
mance [21]. POD has been reported to be a strong pre-
dictor of the development of POCD, so interventions to 
prevent delirium may help reduce the risk of POCD [22].

Therefore, to improve postoperative adverse outcomes 
and prevent other complications, it is vital to identify 
patients at high risk of POD preoperatively [1, 23, 24]. 
Advanced age, potential surgical risk factors, and the 
need for comprehensive pharmacological pain manage-
ment interventions may be the driving factors for the 
occurrence of POD in orthopedic surgery [25–29]. Other 
risk factors reported in the literature contain a history 
of Parkinson’s disease or psychiatric disorders, cognitive 
impairment, depression, diabetes mellitus, and postop-
erative water and electrolyte disturbances [1, 23, 28, 30–
33]. Besides, risk factors for POD in joint arthroplasty 
have been reported to include advanced age, diabetes, 
depression, fluid and electrolyte disorders, hypertension, 
neurological disorders, renal failure, weight loss, and 
other comorbidities in previous studies [34–36]. None-
theless, up to now, there is no nationwide, large database 
research on the risk factors and incidence of POD follow-
ing rTKA.

As a result, according to a large national database 
from the United States, our research aimed to inquire 
into delirium’s incidence and associated risk factors 
after rTKA. We hypothesized that the incidence of POD 
has generally trended downwards over the last decade, 
and additional risk factors will be identified in a large 
national database or by expanding the observational vari-
ables. This could help to identify patient groups that may 
require preoperative optimization.

Methods
Data source
This study used the largest US fully paid inpatient data-
base, the NIS database, part of a Healthcare Utilization 
Project (HCUP) database. The HCUP is a series of data-
bases funded by the Agency for Healthcare Research 
and Quality (AHRQ) that provides the most compre-
hensive American hospital data. The NIS collects strati-
fied samples from more than 1,000 hospitals in 46 states, 
representing nearly 20% of the annual US hospital admis-
sions [37]. We obtained information from the database 
on patient demographics, admission status, outcomes 
(including in-hospital mortality rate and LOS) for each 
sampled hospitalization, diagnoses, procedures, and 
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comorbidities in the International Classification of Dis-
eases (Ninth Edition) Clinical Modification (ICD-9-CM) 
and International Classification of Diseases (Tenth Edi-
tion) Clinical Modification (ICD-10-CM).

Data collection
We identified all patients in the NIS database who were 
18 years of age or older from January 1, 2010, to Decem-
ber 31, 2019, with the ICD-9-CM rTKA procedure codes 
(00.80/00.81/00.82/00.83/00.84/81.55) and the ICD-
10-CM rTKA procedure codes (0SWC/0SWD/0SWT
/0SWU/0SWV/0SWW). Patients with delirium were 
diagnosed and selected according to ICD-9-CM diagnos-
tic codes, including altered mental state (780.97), acute, 
subacute, and transient delirium (293, 293.0, 293.1, 293.8, 
293.81, 293.82, 293.83, 293.84, 293.89, 293.9), and drug-
induced delirium (292.81), as well as the ICD-10-CM 
diagnostic code (F05/R41.82/F06.0/F06.2). Exclusion 
criteria and the data collection process are outlined in 

Fig. 1. After rigorous screening, no outliers were found in 
the NIS database.

We divided patients into two groups based on whether 
they developed POD. Their demographic data, such as 
age, race, sex, and outcome measurements, including 
admission mode, LOS, total hospitalization cost, insur-
ance type, in-hospital mortality, and 29 variables of 
comorbidities (based on the NIS database), were ana-
lyzed (Table  1). The ICD-9-CM and ICD-10-CM diag-
nostic codes were used to obtain medical and surgical 
perioperative complications that may be independently 
related to POD before discharge. Perioperative medi-
cal complications included acute myocardial infarction, 
acute postoperative pain, acute renal failure, blood trans-
fusion, cardiac arrest, continuous invasive mechanical 
ventilation, convulsions, deep venous thrombosis, pneu-
monia, postoperative shock, sepsis, stroke, and urinary 
tract infection. Perioperative surgical complications 
included hemorrhage/seroma/hematoma, irrigation and 

Fig. 1  Analysis plan

Table 1  Variables entered into the binary logistic regression analysis

Variables Categories Specific Variables

Patient demographics Age (≤ 74 years and ≥ 75 years), sex (male and female), race (White, Black, Hispanic, Asian or Pacific Islander, Native American 
and Other)

Hospital characteristics Type of admission (non-elective, elective), bed size of hospital (small, medium, large), teaching status of hospital (nonteach-
ing, teaching), location of hospital (rural, urban), type of insurance (medicare, medicaid, private insurance, self-pay, no charge, 
other), location of the hospital (northeast, Midwest or north central, south, west)

Comorbidities AIDS, alcohol abuse, deficiency anemia, rheumatoid diseases, chronic blood loss anemia, congestive heart failure, chronic 
pulmonary disease, coagulopathy, depression, diabetes (uncomplicated), diabetes (with chronic complications), drug abuse, 
hypertension, hypothyroidism, liver disease, lymphoma, fluid and electrolyte disorders, metastatic cancer, neurological 
disorders, obesity, paralysis, peripheral vascular disorders, psychoses, pulmonary circulation disorders, renal failure, solid tumor 
without metastasis, peptic ulcer disease, valvular disease and weight loss
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debridement, lower limb nerve injury, periprosthetic 
fracture, prosthesis joint dislocation, periprosthetic joint 
infection, and wound dehiscence/non-healing.

Data analysis
All statistical analyses were performed using Statistical 
Package for the Social Sciences (SPSS) version 25 (IBM 
SPSS Statistics, USA). The Kolmogorov-Wilk normality 
test was used for quantitative data such as age, LOS and 
total hospitalization cost, and it was found that they did 
not meet the normal distribution, so rank sum test was 
used instead of T-test. The two groups were compared 
using the Wilcoxon rank-sum test for continuous data 

and the chi-square test for categorical data. We devel-
oped univariate and multivariate logistic regression mod-
els (the Enter type) to evaluate the relationship between 
POD and perioperative complications. Then, binary 
logistic regression analysis (the Enter type) was applied 
to determine the independent risk factors of POD and 
its relationship with other complications. The regression 
analysis included all variables (Table 1). Given that other 
NIS studies have utilized substantial sample sizes, the 
statistical significance level was established at P ≤ 0.001 
for alpha [38].

Results
Incidence of postoperative delirium in rTKA patients
There were 127,400 rTKAs in the NIS database, of which 
1232 patients developed POD, with an overall prevalence 

of 0.97% from 2010 through 2019 (Table 2). We observed 
that the incidence of delirium after rTKA increased 
yearly from 2010 (1.20%) to 2013 (1.31%). (Fig.  2 and 
Table  2), while from 2013 (1.31%) to 2019 (0.72%), the 
incidence of POD generally showed a downward trend, 
and at least to 2016 (0.61%) (Fig. 2 and Table 2).

Demographic and hospital characteristics of patients 
in the two groups
The age of patients with POD (66–80 years) was older 
than that of patients without POD (58–73 years), and the 
difference was statistically significant (P < 0.001). Other-
wise, the difference in age distribution between the two 

Table 2  Incidence of postoperative delirium following rTKA

Year Annual count No delirium (n, %) Delirium (n, %)

2010 11,420 11,283 (98.80%) 137 (1.20%)

2011 11,384 11,247 (98.80) 137 (1.20%)

2012 12,474 12,312 (98.70%) 162 (1.30%)

2013 12,745 12,578 (98.68%) 167 (1.31%)

2014 13,146 13,014 (99.00%) 132 (1.00%)

2015 13,555 13,424 (99.03%) 131 (0.97%)

2016 13,211 13,130 (99.39%) 81 (0.61%)

2017 12,897 12,797 (99.22%) 100 (0.78%)

2018 13,566 13,475 (99.33%) 91 (0.67%)

2019 13,002 12,908 (99.28%) 94 (0.72%)

Total 127,400 126,168 (99.03%) 1232 (0.97%)

Fig. 2  Annual incidence of postoperative delirium in patients undergoing rTKA
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groups was statistically significant, and the incidence of 
POD was significantly higher in patients older than 75. 
(P < 0.001) (Table  3). Conceivably, in-hospital mortal-
ity rate increased from 0.24% to 1.79% in patients with 
POD. Moreover, there was a significant difference in the 
number of comorbidities patients had, with a signifi-
cantly higher incidence in patients with CCI ≥ 3 (97.48% 
vs. 81.74%) (Fig. 3C & D). The median LOS for patients 
with delirium was longer than those without POD (6 vs. 4 
days), and the median total hospitalization cost increased 
by $26,691.5 ($100,480 vs. $73,788.5). In addition, the 
choice of insurance type was also different between the 
two groups, and POD patients preferred Medicare more 
significantly (82.39% vs. 59.08%). Patients with POD were 
also less likely to have elective admissions (58.60% vs. 
81.35%) and were more likely to prefer teaching hospitals 
(67.05% vs. 61.67%). Beyond that, there was no significant 
difference in sex, race, hospital bed size, hospital loca-
tion and region of hospital (Table 3 and Fig. 3E & F and 
Fig. 4).

Relationship between other postoperative complications 
and postoperative delirium
The patient with POD receiving rTKA was possibly easier 
to suffer acute myocardial infarction (2.27%), acute renal 
failure (25.16%), blood transfusion (29.46%), continu-
ous invasive mechanical ventilation (2.11%), deep vein 
thrombosis (2.84%), pneumonia (3.98%), postoperative 
shock (0.49%), sepsis (14.29%), stroke (2.19%), urinary 
tract infection (12.42%), hemorrhage/seroma/hematoma 
(3.57%), irrigation and debridement (3.08%), peripros-
thetic fracture (2.03%), prosthetic joint infection (29.62%), 
and wound dehiscence/non-healing (3.57%) than those 
without POD (P ≤ 0.001) (Fig. 5 and Table 4). On the side, 
multiple regression analysis suggested that POD was 
related to acute renal failure (OR = 2.72; CI = 2.34–3.17), 
blood transfusion (OR = 1.86; CI = 1.63–2.12),pneumonia 
(OR = 1.75; CI = 1.27–2.41), sepsis (OR = 1.81; CI = 1.49–
2.19), stroke (OR = 2.57; CI = 1.71–3.85), urinary tract 
infection (OR = 2.35; CI = 1.96–2.83), fracture (OR = 2.10; 
CI = 1.39–3.16), periprosthetic and prosthetic joint dislo-
cation (OR = 1.51; CI = 1.18–1.94), prosthetic joint infec-
tion (OR = 1.46; CI = 1.27–1.68) (Table 5).

Risk factors related to postoperative delirium after rTKA
We used logistic regression analysis to explore risk factors 
related to POD, and the results were as follows (Table  5): 
advanced age (≥ 75 years, OR = 2.43; 95% CI = 2.13–2.79; 
P < 0.001), neurological disorders (OR = 18.05; CI = 15.97–
20.41), psychoses (OR = 1.97; CI = 1.56–2.49), alcohol abuse 
(OR = 1.80; CI = 1.27–2.54), fluid and electrolyte disorders 
(OR = 1.79; CI = 1.56–2.06), pulmonary circulation disor-
ders (OR = 1.69; CI = 1.28–2.21), and weight loss (OR = 1.66; 

Table 3  Patient characteristics and outcomes of delirium after 
rTKA (2010–2019)

rTKA Revision total knee arthroplasty, LOS length of stay

Parameter No delirium Delirium P

Total (n = count) 126,168 1232

Total incidence 99.03% 0.97%

Age (median, years) 66 (58–73) 74 (66–80)  < 0.001

Age group (%)

  18–44 2.74% 0.89%  < 0.001

  45–64 42.93% 20.05%

  65–74 33.51% 31.33%

   ≥ 75 20.82% 47.73%

Sex (female%) 56.89% 53.65% 0.024

Race (%)

  White 80.28% 84.17% 0.015

  Black 11.21% 8.93%

  Hispanic 5.28% 3.65%

  Asian or Pacific Islander 0.77% 0.73%

  Native American 0.55% 0.49%

  Other 1.91% 2.03%

Elective admission (%) 81.35% 58.60%  < 0.001

Number of Comorbidity (%)

  0 0.80% 0.08%  < 0.001

  1 3.82% 0.49%

  2 13.63% 1.95%

   ≥ 3 81.74% 97.48%

LOS (median, d) 3 (2–5) 6 (4–10)  < 0.001

Total charges (median, $) 73,788.50 
(45,323.25–
115,620.50)

100,480.00 
(63,357.75–
151,781.75)

 < 0.001

Type of insure (%)

  Medicare 59.08% 82.39%  < 0.001

  Medicaid 5.12% 2.76%

  Private insurance 30.24% 12.18%

  Self-pay 0.55% 0.32%

  No charge 0.06% 0.00%

  Other 4.95% 2.35%

Bed size of hospital (%)

  Small 23.02% 20.70% 0.107

  Medium 27.01% 26.79%

  Large 49.97% 52.52%

Type of hospital (teach-
ing %)

61.67% 67.05%  < 0.001

Location of hospital (urban 
%)

92.49% 92.86% 0.626

Region of hospital (%)

  Northeast 18.23% 19.89% 0.031

  Midwest or North Central 23.60% 26.14%

  South 40.10% 37.18%

  West 18.07% 16.80%

Mortality (%)

  Did not died 99.8% 98.2%  < 0.001

  Died 0.24% 1.79%
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CI = 1.29–2.13).coagulopathy (OR = 1.55; CI = 1.25–1.92), 
congestive heart failure (OR = 1.33; CI = 1.12–1.59), depres-
sion (OR = 1.28; CI = 1.11–1.48), On the other side, there were 
three protective factors related to POD, female sex (OR = 0.76; 
CI = 0.67–0.87, P < 0.001), elective admission (OR = 0.69; 
CI = 0.61–0.79, P < 0.001), and private insurance (OR = 0.62; 
CI = 0.51–0.75, P < 0.001).

Discussion
We illustrate the outcomes of a large health economic 
study of POD on patients undergoing rTKA. From 
2010 to 2019, the incidence of POD increased yearly 
and decreased after 2013, ranging from 0.61 to 1.31% 
(Fig.  2). Noteworthily, the previous literature has yet to 
report such a trend. Two possible explanations exist for 
the increased incidence of POD in rTKA observed before 
2013. First, this may have been caused by investigators’ 
increasing awareness of POD, since although the clini-
cal definition of POD remains unchanged, its diagnosis 

(based on the ICD-9-CM) may vary according to their 
experience and recognition [38]. Another potential rea-
son could be the increasing number of rTKA procedures 
as the population ages. However, inadequate knowledge 
of rTKA and management of medical interventions, 
immature anesthetic procedures, and even pain-relief 
protocols can lead to a higher incidence of POD. Since 
then, a growing amount of attention has been paid to 
POD, the continuous improvement of rTKA surgery, and 
the update of the ICD-10-CM code, which reversed this 
trend after 2013 [38, 39].

The overall incidence of POD in rTKA is 0.97% in this 
study, much lower than the incidence after TJA (5%-
14.3%) reported in the literature [1]. Song et  al. discov-
ered a 14.6% incidence after rTKA in Seoul Sacred Heart 
General Hospital patients [40]. Moreover, Meyer et  al. 
observed that, in Regensburg University Hospital, the 
incidence after rTKA was 22.4% [41]. We propose the 
following possible hypotheses to explain our significant 

Fig. 3  Patient demographics and hospital characteristics between the two surgical groups. A Age distribution analysis of non-delirium patients. B 
Analysis of age distribution of patients with delirium. C Analysis of the number of comorbidities for non-delirium patients. D Analysis of the number 
of comorbidities for patients with delirium. E Racial distribution analysis of non-delirium patients. F Racial distribution analysis of delirium patients
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differences. First, most previous studies have possessed 
the limitation of small sample sizes and an overrepre-
sentation of elderly patients, which contributed to an 
overestimation of the POD incidence. Then, there are dif-
ferences in the accuracy of POD diagnosis among differ-
ent researchers and institutions, which will also affect the 
results [38, 39]. Finally, the hypoactive form of delirium is 
difficult to diagnose.

We observed that, in terms of demographics, patients 
with POD had a median age that was 8 years higher com-
pared to those without POD (Table  3). Furthermore, 
we concluded from the logistic regression analysis that 
advanced age (≥ 75 years) was one of the independent 
risk factors for POD (Table  5). Coincidentally, in clini-
cal work, it is not difficult to find that POD is a common 
complication in elderly patients. It has been previously 
reported that advanced age is a recognized predictor of 
POD, consistent with our data analysis results [42]. Nev-
ertheless, the mechanisms by which advanced age leads 
to disturbance of consciousness and brain dysfunction 

need further investigation. A recent article reported that 
gut microbiota is connected with the pathogenesis of 
nervous system diseases. Anesthesia/surgery may pro-
mote the development of POD-like behavior in mice 
by inducing age-dependent changes in gut microbiota 
(reduction of lactobacillus). Therefore, the changes in 
intestinal flora in elderly patients after surgery may be an 
influencing factor leading to postoperative neurocogni-
tive dysfunction [43].

The significantly higher comorbidity scores in POD 
patients are reasonable and justified because they may 
suffer from relatively poor preoperative health and more 
severe postoperative complications [1, 28]. We suggested 
an increased financial burden and a higher risk of POD, 
consistent with past documentation reports (Table  3). 
As noted above, POD increased the median LOS by 2 
days at a total cost of US $26,691.5 per hospitalization. 
One possible explanation is a failure to manage and 
heal patients with POD according to guidelines [38]. 
Another possibility is that POD is often associated with 

Fig. 4  Incidence of postoperative complications related to postoperative delirium. A Analysis of hospital regional distribution of non-delirium 
patients. B Analysis of hospital regional distribution of delirium patients. C Analysis of insurance types for non-delirium patients. D Analysis 
of insurance types for patients with delirium. E Analysis of the number of hospital beds for non-delirium patients. F Analysis of the number 
of hospital beds for patients with delirium
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Fig. 5  Incidence of postoperative complications related to postoperative delirium

Table 4  Association between postoperative delirium and other postoperative complications

OR Odds ratio, CI Confidence interval

Complication Univariate Analysis Multivariate Logistic Regression

No delirium Delirium P OR 95% CI P

Medical complications
  Acute renal failure 8195 (6.50%) 310 (25.16%)  < 0.001 2.72 2.34–3.17  < 0.001

  Acute myocardial infarction 656 (0.52%) 28 (2.27%)  < 0.001 1.80 1.20–2.70 0.005

  Cardiac arrest 148 (0.12%) 3 (0.24%) 0.387 0.44 0.13–1.48 0.186

  Pneumonia 962 (0.76%) 49 (3.98%)  < 0.001 1.75 1.27–2.41 0.001

  Stroke 669 (0.53%) 27 (2.19%)  < 0.001 2.57 1.71–3.85  < 0.001

  Urinary tract infection 3906 (3.10%) 153 (12.24%)  < 0.001 2.35 1.96–2.83  < 0.001

  Deep vein thrombosis 1004 (0.80%) 35 (2.84%)  < 0.001 1.50 1.05–2.14 0.027

  Sepsis 4412 (3.50%) 176 (14.29%)  < 0.001 1.81 1.49–2.19  < 0.001

  Postoperative shock 125 (0.10%) 6 (0.49%)  < 0.001 1.29 0.54–3.07 0.561

  Convulsion 447 (0.35%) 5 (0.41%) 0.950 0.93 0.38–2.30 0.877

  Continuous invasive mechanical ventilation 375 (0.30%) 26 (2.11%)  < 0.001 1.25 0.80–1.96 0.335

  Acute postoperative pain 3301 (2.62%) 36 (2.92%) 0.530 1.20 0.86–1.68 0.278

  Blood transfusion 16,450 (13.04%) 363 (29.46%)  < 0.001 1.86 1.63–2.12  < 0.001

Surgical complications
  Prosthetic joint infection 18,253 (14.47%) 328 (26.62%)  < 0.001 1.46 1.27–1.68  < 0.001

  Periprosthetic fracture 1109 (0.88%) 25 (2.03%)  < 0.001 2.10 1.39–3.16  < 0.001

  Prosthetic joint dislocation 5964 (4.73%) 69 (5.60%) 0.156 1.51 1.18–1.94 0.001

  Hemorrhage/seroma/hematoma 2117 (1.68%) 44 (3.57%)  < 0.001 1.46 1.06–1.99 0.019

  Wound dehiscence/Non-healing 2500 (1.98%) 44 (3.57%)  < 0.001 1.38 1.01–1.89 0.041

  Irrigation and debridement 2206 (1.75%) 38 (3.08%) 0.001 0.99 0.71–1.40 0.968

  Lower limb nerve injury 36 (0.03%) 0 1.000 0 - 0.998
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postoperative perioperative complications, such as acute 
myocardial infarction, acute renal failure, continuous 
invasive mechanical ventilation, and deep vein thrombo-
sis, which tend to delay discharge and prolong hospital 
stay (Table 4) [37].

Logistics regression showed that private insurance was 
considered a POD’s protective factor (Table 5). A possi-
ble explanation is that the purchase of private insurance 
symbolizes a good economic situation for the patient and 
plays a positive role in the prevention and treatment of 
POD. Additionally, we found a lower incidence of delir-
ium in rTKA patients with elective admission (Table 3). 
Furthermore, logistic regression analysis showed that 
it was also a protective factor (Table 5). Patients admit-
ted on an elective basis tend to be more physically fit 
or have received adequate preoperative evaluation and 
preparation [44]. Correspondingly, in emergency situa-
tions such as public health events and the sudden occur-
rence of prosthesis-related complications, the number 
of elective surgery patients will be greatly reduced [44, 
45], which will increase the risk of postoperative com-
plications such as delirium. As a result, in-hospital mor-
tality is much higher among patients with delirium than 
among those without delirium. Otherwise, it is interest-
ing that female sex was found to be a protective factor 
for reasons that are not known but have been reported 
previously (Table  5) [46]. One possible reason is that 
melatonin is considered helpful in preventing delirium, 
and female hormones have a modulatory effect on its 
secretion [47, 48].

Identifying the preoperative risk factors of POD for 
prevention and treatment is significant. Some studies on 
POD after TJA have pointed out that accurate screening, 
risk assessment, and proper management are beneficial 

Table 5  Risk factors associated with postoperative delirium after 
rTKA

Variable OR 95% CI P

Age ≥ 75 yr 2.43 2.13–2.79  < 0.001

Female 0.76 0.67–0.87  < 0.001

Race

  White Ref - -

  Black 1.03 0.84–1.28 0.769

  Hispanic 0.81 0.59–1.10 0.180

  Asian or Pacific Islander 0.88 0.44–1.78 0.726

  Native American 0.89 0.38–2.08 0.795

  Other 1.13 0.74–1.71 0.577

  Elective admission 0.69 0.61–0.79  < 0.001

Bed size of hospital

  Small Ref - -

  Medium 0.98 0.82–1.17 0.819

  Large 1.00 0.86–1.17 0.993

  Teaching hospital 1.23 1.07–1.41 0.004

  Urban hospital 0.87 0.68–1.12 0.275

Region of hospital

  Northeast Ref - -

  Midwest or North Central 0.78 0.65–0.93 0.007

  South 0.81 0.68–0.95 0.011

  West 0.81 0.66–0.99 0.039

Type of insurance

  Medicare Ref - -

  Medicaid 0.55 0.38–0.80 0.002

  Private insurance 0.62 0.51–0.75  < 0.001

  Self-pay 0.68 0.24–1.91 0.462

  No charge 0 - 0.997

  Other 0.78 0.53–1.51 0.206

Number of Comorbidity

  0 Ref - -

  1 1.08 0.13–8.97 0.945

  2 1.09 0.15–8.09 0.932

  ≥ 3 2.45 0.34–17.55 0.372

  AIDS 0 - 0.996

  Alcohol abuse 1.80 1.27–2.54 0.001

  Deficiency anemia 1.234 1.06–1.45 0.008

  Arthralgia 0.94 0.74–1.20 0.609

  Chronic blood loss anemia 1.23 0.81–1.87 0.331

  Congestive heart failure 1.33 1.12–1.59 0.001

  Chronic pulmonary disease 1.02 0.88–1.18 0.786

  Coagulopathy 1.55 1.25–1.92  < 0.001

  Depression 1.28 1.11–1.48 0.001

  Diabetes, uncomplicated 1.11 0.96–1.29 0.147

  Diabetes with chronic complications 1.07 0.87–1.31 0.509

  Drug abuse 1.00 0.65–1.55 0.986

  Hypertension 1.06 0.92–1.23 0.441

  Hypothyroidism 0.96 0.82–1.11 0.560

  Liver 0.93 0.67–1.29 0.646

  Lymphoma 1.11 0.52–2.34 0.794

rTKA Revision total knee arthroplasty, OR odds ratio, CI confidence interval

Table 5  (continued)

Variable OR 95% CI P

  Fluid and electrolyte disorders 1.79 1.56–2.06  < 0.001

  Metastatic cancer 1.14 0.43–3.00 0.797

  Neurological disorders 18.05 15.97–20.41  < 0.001

  Obesity 0.97 0.85–1.12 0.691

  Paralysis 0.39 0.17–0.91 0.030

  Peripheral vascular disorders 1.17 0.91–1.50 0.217

  Psychoses 1.97 1.56–2.49  < 0.001

  Pulmonary circulation disorders 1.69 1.28–2.21  < 0.001

  Renal failure 1.15 0.98–1.36 0.087

  Tumor 0.57 0.29–1.2 0.102

  Ulcer 1.97 0.83–4.66 0.125

  Valvular disease 0.98 0.78–1.22 0.842

  Weight loss 1.66 1.29–2.13  < 0.001
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to optimize the prognosis [1, 23]. The logistic regres-
sion analysis results used in this paper were consistent 
with those of previous literature. Other complications 
have been reported previously, such as alcohol abuse, 
depression, psychoses, fluid and electrolyte disorders and 
weight loss (Table 5) [31, 38, 49].

This study has the following limitations. First, the NIS 
database contains only information recorded before hos-
pital discharge, which would lead to an underestimation 
of the incidence of POD. Because this limitation will 
impact the research on patients’ complications after dis-
charge. Second, other known risk factors, such as a his-
tory of dementia, visual impairment, anesthesia method, 
sedation during recovery from anesthesia, and common 
perioperative medications (opioids, ketamine, and ben-
zodiazepines), were not available in the NIS database [30, 
33, 50]. In addition, coding and documentation may have 
discrepancies or errors as with other extensive databases. 
Administrative data are characterized by high specificity 
and low sensitivity for identifying adverse events. It may 
also have an impact on the findings [38, 39].

Conclusions
POD incidence increased yearly from 2010 (1.20%) to 
2013 (1.31%) and then showed a downward trend to 2019 
(0.72%), with a minimum of 0.61% in 2016. The occurrence 
of delirium after rTKA was related to increased LOS, total 
hospitalization cost, hospital mortality and number of 
comorbidities. POD was also associated with periopera-
tive medical complications (e.g., acute myocardial infarc-
tion, pneumonia and stroke) and perioperative surgical 
complications (e.g., prosthetic joint infection, peripros-
thetic fracture, and wound dehiscence/non-healing). The 
risk factors were identified (e.g., advanced age (≥ 75 years), 
coagulopathy, and weight loss). Understanding risk factors 
connected with POD to ameliorate adverse outcomes and 
ensure appropriate management is conductive.
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