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Abstract
AIM
To determine social, logistical and demographic factors 
that influence time to discharge in a short stay pathway 
(SSP) by following total knee arthroplasty (TKA). 

METHODS
The study included primary TKA’s performed in a high-
volume arthroplasty center from January 2016 through 
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December 2016. Potential variables associated with 
increased hospital length of stay (LOS) were obtained 
from patient medical records. These included age, 
gender, race, zip code, body mass index (BMI), number 
of pre-operative medications used, number of narcotic 
medications used, number of patient reported allergies 
(PRA), simultaneous bilateral surgery, tobacco use, 
marital status, living arrangements, distance traveled 
for surgery, employment history, surgical day of the 
week, procedure end time and whether the surgery was 
performed during a major holiday week. Multivariate 
step-wise regression determined the impact of social, 
logistical and demographic factors on LOS. 

RESULTS 
Eight hundred and six consecutive primary SSP TKA’s 
were included in this study. Patients were discharged at 
a median of 49 h (post-operative day two). The following 
factors increased LOS: Simultaneous bilateral TKA [46.1 
h longer (P  < 0.001)], female gender [4.3 h longer (P  = 
0.012)], age [3.5 h longer per ten-year increase in age 
(P  < 0.001)], patient-reported allergies [1.1 h longer 
per allergy reported (P  = 0.005)], later procedure end-
times [0.8 h longer per hour increase in end-time (P 
= 0.004)] and Black or African American patients [6.1 
h longer (P  = 0.047)]. Decreased LOS was found in 
married patients [4.8 h shorter (P  = 0.011)] and TKA’
s performed during holiday weeks [9.4 h shorter (P  = 
0.011)]. Non-significant factors included: BMI, median 
income, patient’s living arrangement, smoking status, 
number of medications taken, use of pre-operative pain 
medications, distance traveled to hospital, and the day 
of surgery. 

CONCLUSION 
The cost of TKA is dependent upon LOS, which is 
affected by multiple factors. The clinical care team 
should acknowledge socio-demographic factors to 
optimize LOS.

Key words: Total knee replacement; Total knee 
arthroplasty; Cost; Risk factors; Length of stay 
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Core tip: In an effort to decrease post-operative length 
of stay (LOS), many institutions continue to develop 
optimal discharge pathways. Since LOS is dependent 
upon many variables, we sought to define which 
socio-demographic factors influence LOS in total knee 
arthroplasty (TKA). Six factors were found to increase 
LOS: Age, gender, Black or African American race, 
simultaneous bilateral TKA, later procedure end times 
and number of PRA. Two factors decreased LOS, 
patient being married and surgery during a major 
public holiday week. While none of the patient specific 
factors are modifiable by the clinician, we do have the 
ability to optimize surgical schedule and allocation of 
resources. 
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INTRODUCTION
Increased utilization of total joint arthroplasty (TJA) is 
expected to result in a pronounced economic burden on 
the United States health care system[1]. Subsequently, 
cost reductions even at the individual case level can 
translate into a substantial cost savings to the overall 
system[2]. In-hospital length of stay (LOS) has been 
shown to directly influence the total cost of joint arthro
plasty when patients are discharged home[3,4]. Since 
LOS is a modifiable cost factor, increased focus has been 
placed on implementing measures that aim to discharge 
patients from the hospital as soon as safely possible. 
The recent development of short stay pathways is a 
direct result of advancements in surgical, anesthetic 
and rehabilitation techniques. While there are concerns 
regarding the overall safety of short stay pathways (SSP) 
compared to conventional postoperative pathway (CPP), 
the literature suggests that drastic reductions in LOS can 
be accomplished without increasing complication rates[5]. 

Factors influencing LOS such as age, gender and 
perioperative complications have been previously des-
cribed in the literature under CPP for hip and knee arthro-
plasty[6,7]. At the earliest, patients in these CPP studies 
were discharged on the 3rd day following surgery[6-8]. 
Keswani et al[8] found that patients with later surgical 
start times and end of the week procedure days (Thursday 
and Friday) had longer LOS in a CPP. However, a 
separate study performed at an institution utilizing a SSP 
found that surgical day of the week had no correlation 
with LOS[9]. Another institution utilizing SSP investigated 
the influence of preoperative patient characteristics 
and perioperative surgical factors related to prolonged 
LOS[10,11]. Regardless there remains limited data on the 
factors influencing LOS following TKA in a SSP. 

The primary purpose of this study was to assess the 
influence of social, logistical and demographic factors 
on time to discharge in a SSP for TKA. The findings 
from this study may further enhance preoperative and 
perioperative risk stratification models that already 
incorporate patient characteristics and perioperative 
surgical factors but neglect other potentially influential 
variables.

MATERIALS AND METHODS
Methods
A retrospective chart review was performed for a 
consecutive series of 806 elective primary TKA’s 
performed at a single specialty hospital from January 
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2016 to December 2016. All procedures were performed 
by one of 3 experienced surgeons, each performing more 
than 250 TKA’s per year. All surgeries, regardless of LOS, 
were performed using the hospital’s SSP for each phase 
of care. This study was evaluated and an Institutional 
Review Board (IRB) exemption was given for this work 
by the Texas Orthopedic Hospital IRB (TOH203e).

Short stay protocol
All patients at this institution undergo a formal pre-
operative screening process to ensure they are safe 
for surgery and postoperative care within our specialty 
hospital. Active renal replacement therapy, active lung 
disease requiring home oxygen support, or active 
cardiac disease requiring a defibrillator exclude the 
patient from surgery at this institution. Each patient 
is medicated preoperatively with celecoxib 200 mg, 
Neurontin 100 mg, and acetaminophen 650 mg. Intra-
operative anesthesia consists of a propofol infusion 
with no inhalation anesthetic and no muscle relaxation. 
During the procedure a periarticular anesthetic of 
weight-based ropivicaine 0.5% and morphine 5-10 
mg is injected into the soft tissues prior to closure. All 
patients are given 1 g intravenous (Ⅳ) tranexamic acid 
prior to incision and 1 gram prior to closure, unless 
it is contraindicated, at which point it is administered 
topically. Post-operative medication regimen consists 
of a combination of hydrocodone, tramadol, metho-
carbamol, dexamethasone and Ⅳ ketorolac. Deep 
vein thrombosis prophylaxis consists of aspirin or 
rivaroxaban per surgeon discretion and is continued for 
4 wk. Patients are mobilized approximately 2 h after 
surgery with physical therapists. Standing is attempted, 
and if tolerated, patients are allowed to walk with a 
walker and assistance as far as they can tolerate. 
Continuous passive motion devices were used during 
the study period per surgeon discretion. The following 
morning patients undergo their second session with 
the physical therapists. The three surgeons included 
in this study independently round on their patients on 
all days, including weekends and holidays. Patients 
were discharged as soon as they had adequate oral 
pain control, are safe to ambulate and mobilize with an 
assistive device and are hemodynamically stable.

Study outcomes
Potential variables associated with increased hospital 
LOS were obtained from patient medical records. These 
included age, gender, race, zip code, body mass index 
(BMI), number of pre-operative medications used, 
number of narcotic medications used, number of patient 
reported allergies (PRA), simultaneous bilateral surgery, 
tobacco use, marital status, living arrangements, distance 
traveled for surgery, employment history, surgical day 
of the week, procedure end time and whether the 
surgery was performed during a major holiday week. 
Thanksgiving, Christmas and New Year’s Eve were the 
major holidays included in the study. The patient’s zip 
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code was used to obtain the median household income of 
the zip code from the 2016 American Community Survey 
performed by the United States Census Bureau[12]. 

Baseline demographics, surgical factors, and social 
factors were summarized by mean (± SD) for continuous 
factors or by count and percentages for categorical 
factors in order to characterize the study population. 
Multivariate regression analysis was performed to 
determine the contribution of demographic, logistical 
and social factors on LOS. A stepwise model was used to 
determine the number of factors significantly associated 
with LOS. Statistical significance was defined as P < 0.05 
and SPSS 24 (IBM Corp., Armonk, NY, United States) 
was used for statistical analyses.

RESULTS
A total of 806 primary TKA cases were included in the 
study. There were 491 female (60.9%) patients and the 
average age of the study population was 64.5 years. 
76.6% of the study population were identified as White, 
11.4% as other, 7.8% black/African American, 2.2% 
identified as Asian and 1.9% declined to state. The 
median LOS was 49.0 h with a range from 18-236 h. All 
subject characteristics that were included in the analysis 
are depicted in Table 1.

In our study population, the constant (or baseline 
regression model) for LOS was 22.7 h (P = 0.004). 
Adding or subtracting beta coefficients for other factors 
predicts individual patient LOS. Multiple regression 
identified six factors that increased LOS (Table 2): 
Simultaneous bilateral TKA [46.1 h longer (P < 0.001)], 
female gender [4.3 h longer (P = 0.012)], age [3.5 
h longer per ten-year increase in age (P < 0.001)], 
number of PRA’s [1.1 h longer per each reported number 
of allergies (P = 0.005)], later procedure end-times [0.8 
h longer per hour increase in end-time (P = 0.040)] 
and Black or African American patients [6.1 h longer (P 
= 0.047)]. Two factors were found to decrease LOS: 
Patients being married [4.8 h shorter (P = 0.011)] and 
TKA’s performed during major holiday weeks [9.4 h 
shorter (P = 0.011)]. Non-significant factors included: 
BMI, median income, patient’s living arrangement, 
smoking status, number of medications taken, use of 
pre-operative pain medications, distance traveled to 
hospital, and the day of surgery. 

DISCUSSION
LOS is a modifiable cost factor in the overall expense 
of TJA. Increased emphasis has been placed on both 
employing SSP and optimizing risk stratification models 
that identify those who may or may not be appropriate 
candidates for SSP. Our study identified simultaneous 
bilateral TKA, female gender, increased age, increased 
number of PRA, later surgery end time and race identified 
as Black or African American as factors that increased 
LOS. Two factors, patient being married and procedures 
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performed during major holiday weeks decreased LOS.
Increased age and female gender are factors that 

are known to correlate with increased LOS in SSP[11,13]. 
Both simultaneous bilateral TKA[14] and patient identified 
race as non-Caucasian[15] have been shown to increase 
LOS in CPP as well as SSP. Our data showed that 
patients identifying as Black or African American had 
a significantly longer LOS after TKA, while other racial 
groups (White and Other) showed no difference in 
LOS. Racial disparities in utilization, complication rates 
and outcomes of arthroplasty are prevalent in the 
literature[15-17], however, race is often confounded with 
socioeconomic factors. In our study, Black patients had 
a longer LOS but median household income was not 
a significant factor influencing LOS. Further analysis 
showed that the median income of Black patients in 
our study was just over $41000 while both White and 
Other patients was over $60000 (Figure 1). According 
to the American Community Survey the median income 
for the United States in 2016 was $55322[12], so in our 
patient population Black patients were well under the 
United States median income while White and Other 
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patients were slightly above. Thus, increased LOS 
in Black patients may not be entirely due to race, as 
socioeconomic factors may also be confounded by race. 
Future studies will need to further define the complex 
relationships between race, socioeconomic status, 
perioperative outcomes and LOS in TJA.

To our knowledge, marital status has not previously 
been shown to demonstrate any influence on LOS 
following TKA. While limited, the literature outside 
of orthopedics suggests that being married may be 
associated with better treatment outcomes[18,19]. 
However, marital status has been shown to affect 
outcomes following TKA as patients that are married 
have better overall outcomes following TKA[20]. In our 
study, married patients had a decreased postoperative 
LOS. Our findings corroborate the general trend in the 
literature, with a positive association between being 
married and improved treatment outcomes. Notably, 
marital status has recently been identified as a key 
variable that should be investigated in future research on 
outcomes of knee and hip surgery[21].

Prior studies indicate that increasing amounts of PRA’s 
is associated with worse outcomes following total hip and 
knee arthroplasty[22-24]. Interestingly, the patient reported 
“allergy” is often a misnomer as only 15% of PRA’s studied 
in a community hospital setting represented a true IgE 
mediate hypersensitivity reaction[25]. In a study utilizing 
data from the Canadian Community Health registry, an 
association between mood and anxiety disorders and 
PRA reporting was demonstrated[26]. As the relationship 
between PRA and psychiatric disorders is further eluci-
dated, their impact on all aspects of TJA is becoming 
more apparent. In a prospective study of 446 patients 
undergoing primary hip and knee arthroplasty, Otero 
el al[22] found that patients reporting at least 1 allergy had 
significantly lower postoperative SF36 physical component 
score compared to those reporting no allergies. In a 
retrospective review, McLawhorn et al[23] demonstrated 
that increasing number of PRAs was associated with both 
worse satisfaction and Western Ontario and McMaster 
Universities Arthritis Index scores, in addition to increased 
LOS following TKA in a CPP. The median LOS of the 
patients included in their TKA cohort was 4.0 d. Our study 
found that for each reported allergy, LOS increased by 
0.8 h. While this may seem to be an insignificant amount 
of time, it is not uncommon to encounter patients with 
many PRAs in practice; in our study, one patient reported 
twenty-three. In an SSP, increasing the LOS by just a few 
hours may represent the difference in an additional day 
spent in the hospital.

The relationship between surgical day of the week and 
LOS has previously been studied in both CPP and SSP. 
In separate retrospective reviews, both Muppavarapu 
et al[27] and Keswani et al[8] found that patients who 
underwent TJA or total hip arthroplasty (THA) respectively, 
on Thursday or Friday had significantly longer hospital 
LOS compared to patients undergoing those procedures 
earlier in the week. These two studies represented a CPP 
as the LOS of the patients included these studies was 
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Factor mean ± SD or n  (%)

Number of patients 806
Gender
   Male 315 (39.1)
   Female 491 (60.9)
Age (yr) 64.5 ± 8.5
Race
   Asian 18 (2.2)
   Black/African American 63 (7.8)
   White 617 (76.6)
   Other   94 (11.4)
   Decline to state 16 (1.9)
Body mass index 33.81 ± 7.4
Employed 347 (43.1)
Median income by zip code   $66586 ± 25562
Marital Status
   Single 105 (13.0)
   Married 593 (73.6)
   Widow/widower 66 (8.2)
   Divorced 42 (5.2)
Patient lives alone (Y)   99 (12.3)
Smoker
   Current 68 (8.4)
   Former 232 (28.8)
   Never 506 (62.8)
Number of allergies 1.5 ± 2.2
Number of medications 6.1 ± 4.8  
Pre-operative pain meds (Y) 108 (13.4)
Simultaneous bilateral total knee arthroplasty 37 (4.6)
Distance from hospital (miles) 61.95 ± 122.8
Day of surgery
   Monday 242 (30.0)
   Tuesday 175 (21.7)
   Wednesday 129 (16.0)
   Thursday 194 (24.1)
   Friday 61 (7.6)
   Saturday   5 (0.6)
Holiday week surgery 43 (5.3)
Surgery end time (h:min) 11:05 ± 2:22

Table 1  Baseline subject characteristics
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greater than 3 d. A comprehensive PubMed search found 
only one study that investigates the effect of surgical day 
of the week on LOS in an SSP for total joint arthroplasty. 
In a cohort of patients with an average LOS of < 2 d, 
Edwards et al[9] found that surgical day of the week did not 
influence time to discharge. Our results were similar as 
surgical day of the week did not influence LOS in our SSP. 
These findings suggest that as LOS decreases the overall 
impact of performing a procedure towards the end of the 
week may diminish.

The influence of surgical start time on LOS has been 
investigated across several surgical subspecialties with 
the evidence suggesting that as cases begin later in 
the day, LOS increases[28,29]. Earnest et al[28] suspected 
that initial post-operative care is delayed for patients 
admitted in the afternoon because clinical workup and 
management usually occurs in the morning. Only one 
study has investigated the influence of surgical timing on 
LOS in total joint arthroplasty. In a cohort of THA patients 
receiving conventional postoperative care pathways, 
Keswani et al[8] found that procedures starting after 2 PM 
were associated with longer LOS compared to procedures 
starting prior to 2 PM. We found that LOS was slightly 
shorter for every hour later the procedure ended. In our 
institution’s SSP, post-operative protocols do not depend 
on the time of day as staffing is consistent between 
shifts. Patients are encouraged to work with a physical 
therapist just a few hours after surgery when clinically 
feasible. Our findings suggest that unlike CPP, in SSP the 
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surgical start time of the procedure is less critical. 
The relationship between public holidays and LOS 

across all medical fields has never been reported, a 
few studies have sought to understand the influence of 
holidays on clinical outcomes and readmission[30-32]. In 
our study, patients undergoing TKA during major public 
holiday weeks were found to have decreased LOS as 
compared to patients having surgery during a normal 
week. Several factors likely influence these findings 
including patient, surgeon and staff related variables. 
As our study included three surgeons, the most senior 
surgeon performed fewer procedures during holiday 
weeks and also had a slightly higher LOS average, 
possibly confounding the lower LOS holiday week results. 
While these results do leave room for speculation, 
the present study could not delineate any additional 
conclusions from these findings; therefore this is an area 
that future studies should consider investigating further.

Our study had several limitations. First, the data used 
was retrospectively collected and therefore susceptible to 
inherent bias in its analysis. Secondly, race identification 
was limited to what was reported in the chart and the 
‘other’ classification likely encompassed a variety of 
distinct ethnicities that could not be further discerned. 
Third, there was potential for type Ⅱ statistical error 
as certain variables approached but did not reach 
significance in this study. As it pertains to LOS, several 
variables that were originally thought to be relevant 
factors were not. In particular, distance traveled and pre-
operative narcotic use did not reach significance in our 
cohort. 

In an effort to decrease post-operative LOS, many 
institutions continue to develop optimal discharge 
pathways following TKA. Since LOS is dependent upon 
many variables, we sought to define which social, 
logistical and demographic factors influence LOS in TKA. 
Six factors were found to increase LOS in a SSP: Age, 
gender, Black or African American race, simultaneous 
bilateral TKA, later procedure end times and number 
of PRA’s. Two factors decreased LOS in an SSP, patient 
being married and surgery during a major public holiday 
week. While none of the patient specific factors (e.g., 
age, race, gender, marital status, socioeconomic status, 
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Factor Beta coefficient (h)1 Std. error P  value

Constant 22.7 7.8 0.004
Simultaneous bilateral total knee arthroplasty 46.1 4.1 < 0.001
Gender (female)   4.3 1.7 0.012
Age (per 10 yr)   3.5 1.0 < 0.001
Patient is married  -4.8 1.9 0.011
Number of allergies   1.1 0.4 0.005
Holiday week surgery  -9.4 3.6 0.011
Surgery end time   0.8 0.4 0.040
Black/African American   6.1 3.0 0.047

Table 2  Significant factors predicting length of stay

1In our study population, the constant for length of stay (LOS) was 22.7 h. Adding or subtracting beta coefficients for other factors predicts individual 
patient LOS.

Black           White          Other

Patient race

$140000
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$100000

$80000
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Figure 1  Median income level by race with the bold horizontal line 
representing the median, the box shows the 25% to 75% range, the x is 
the mean and the whiskers represent the entire range of the data. 

Ihekweazu UN et al . Time to discharge following TKA



and PRA’s) are modifiable by the clinician, we do have 
the ability to optimize surgical schedule and allocation 
of resources. When refining predictive models for 
LOS, in addition to considering known clinical factors, 
the care team should also appreciate the extent that 
social, demographic and logistical factors influence LOS. 
Furthermore, the influence of these factors may depend 
on whether a CPP or an SSP model is being employed.

ARTICLE HIGHLIGHTS
Research background
Time to discharge or in-hospital length of stay (LOS) has been shown to directly 
influence the total cost of joint arthroplasty when patients are discharged home. 
Since LOS is a modifiable cost factor, increased focus has been placed on 
implementing measures that aim to discharge patients from the hospital as soon 
as safely possible. The recent development of short stay pathways is a direct 
result of advancements in surgical, anesthetic and rehabilitation techniques. 
Traditional factors such as age, gender, comorbidities and perioperative 
complications have been studied extensively and influence LOS. Patient social, 
logistical and demographic factors are non-modifiable factors but potentially 
influence LOS.

Research motivation
The motivation behind this research was to further improve short stay pathways 
by evaluating non-traditional factors that potentially could influence LOS. Our 
hypothesis was that social, logistical and demographic factors influence LOS 
following total knee arthroplasty (TKA) in a short stay pathway. 

Research objectives
The primary purpose of this study was to assess the influence of social, 
logistical and demographic factors on time to discharge in a short stay pathway 
following TKA. The findings from this study may further enhance preoperative 
and perioperative risk stratification models that already incorporate patient 
characteristics and perioperative surgical factors but neglect other potentially 
influential variables.

Research methods
A retrospective chart review was performed for a consecutive series of 806 
elective primary TKA’s performed at a single specialty hospital from January 
2016 to December 2016. Potential variables associated with increased hospital 
LOS were obtained from patient medical records. These included age, gender, 
race, zip code, body mass index (BMI), number of pre-operative medications 
used, number of narcotic medications used, number of patient reported allergies 
(PRA), simultaneous bilateral surgery, tobacco use, marital status, living 
arrangements, distance traveled for surgery, employment history, surgical day 
of the week, procedure end time and whether the surgery was performed during 
a major holiday week. Thanksgiving, Christmas and New Year’s Eve were the 
major holidays included in the study. Baseline demographics, surgical factors, 
and social factors were summarized by mean (± SD) for continuous factors or 
by count and percentages for categorical factors in order to characterize the 
study population. Multivariate regression analysis was performed to determine 
the contribution of demographic, logistical and social factors on LOS. 

Research results
Patients were discharged at a median of 49 h (post-operative day two). Six 
factors increased LOS: Simultaneous bilateral TKA, female gender, age, 
patient-reported allergies, later procedure end-times, and Black or African 
American patients. Decreased LOS was found in married patients and TKA’s 
performed during holiday weeks. Non-significant factors included: BMI, median 
income, patient’s living arrangement, smoking status, number of medications 
taken, use of pre-operative pain medications, distance traveled to hospital, and 
the day of surgery. 

Research conclusions
The cost of TKA is dependent upon LOS, which is affected by multiple factors. 
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The clinical care team should acknowledge socio-demographic factors to further 
optimize short stay pathways and decrease LOS.

Research perspectives
In an effort to decrease post-operative LOS, many institutions continue to 
develop optimal discharge pathways following TKA. Since LOS is dependent 
upon many variables, we sought to define which social, logistical and 
demographic factors influence LOS in TKA. Six factors were found to increase 
LOS in a short stay pathway: Age, gender, Black or African American race, 
simultaneous bilateral TKA, later procedure end times and number of PRA’s. 
Two factors decreased LOS: Patient being married and surgery during a major 
public holiday week. While none of the patient specific factors (e.g., age, race, 
gender, marital status, socioeconomic status, and PRA’s) are modifiable by the 
clinician, we do have the ability to optimize surgical schedule and allocation of 
resources. When refining predictive models for LOS, in addition to considering 
known clinical factors, the care team should also appreciate the extent that 
social, demographic and logistical factors influence LOS. 
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