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associated with an increased length of hospital stay. In 
clinical practice, the knowledge of factors associated with 
an increased length of hospital stay can be used to further 
optimize peri-operative protocols for patients at risk for an 
increased length of hospital stay after TKA.
Level of evidence  II.
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Introduction

In the last few years, length of hospital stay (LOS) after 
total knee arthroplasty (TKA) has decreased following the 
introduction of fast-track protocols [12]. These protocols 
focus on pain management, organizational factors, limit-
ing peri- and post-operative complications, and promote 
early mobilization [12]. Fast-track TKA has been shown to 
be safe and feasible, with similar or better outcome for the 
patient [6, 11].

In the Reinier the Graaf hospital, a large teaching hos-
pital in the Netherlands, a fast-track protocol for primary 
TKA was introduced in 2009. Introduction was incremental 
and was complete by February 2011. After the implementa-
tion of this fast-track rehabilitation protocol, the mean LOS 
for primary TKA decreased from 4.5 to 3.0 nights for unse-
lected patients in our hospital (unpublished data). How-
ever, despite the mean reduction in LOS, several patients 
still have an extended hospital stay. In literature, LOS after 
primary TKA has been reported to be influenced by pre-, 
peri-, and post-operative variables, such as comorbidities, 
pain, anaesthetic technique, age, complications, orthostatic 
intolerance, muscle function and inadequate social support. 
[5, 12, 14, 16].

Abstract 
Purpose  The goal of this study was to identify factors 
prior to surgery that are associated with an increased length 
of hospital stay after TKA using a fast-track protocol.
Materials and methods  In total, 879 consecutive patients 
who underwent primary TKA were included in this retro-
spective cohort study. A length of stay greater than or equal 
to three nights was considered an increased length of hos-
pital stay. Univariable and multivariable generalized linear 
mixed models were used to identify potential factors asso-
ciated with increased length of hospital stay.
Results  Length of hospital stay was significantly associ-
ated with age [OR 1.01 (95 % CI 1.01–1.02); p < 0.001], 
gender [female vs. male, OR 1.07 (95  % CI 1.00–1.15); 
p = 0.04], ASA [ASA III/IV vs. ASA I, OR 1.22 (95 % CI 
1.06–1.39); p = 0.005], living situation (alone vs. together, 
OR 1.08 (95  % CI 1.00–1.16); p  =  0.04], neurological 
comorbidities [OR 1.14 (95 % CI 1.06–1.23); p < 0.001], 
musculoskeletal comorbidities [OR 0.91 (95  % CI 0.85–
0.97); p = 0.005], anaesthesia [spinal vs. general, OR 0.86 
(95 % CI 0.76–0.97); p = 0.02], and weekday of surgery 
[Thursday vs. Monday, OR 1.12 (95  % CI 1.02–1.23); 
p = 0.02].
Conclusions  Older age, female gender, ASA III/IV, peo-
ple living alone, the presence of neurological comorbidi-
ties, general anaesthesia and surgery on Thursday were 
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The proper identification of patients who need more 
rehabilitation time and more extensive care might provide 
further optimization of discharge and rehabilitation plan-
ning. Therefore, the goal of this study was to identify fac-
tors prior to surgery that are associated with an increased 
LOS after TKA using a fast-track protocol.

It was hypothesized that age, comorbidities and living 
situation are factors that influence LOS after TKA using a 
fast-track protocol.

Materials and methods

A total of 879 consecutive patients who underwent primary 
TKA between 1 February 2011 and 1 January 2015 were 
included in this retrospective cohort study. All surgeries 
were performed in a fast-track setting. Patients were admit-
ted to the hospital at the day of surgery.

The procedures were performed by seven orthopae-
dic surgeons. All surgeons used the medial parapatel-
lar approach to perform the TKA, except for one patient 
who was operated on by a lateral approach. All patients 
received the NexGen® LPS-High Flex Knee (Zimmer®, 
Warsaw, IN, USA) implant. The preferred type of anaes-
thesia was spinal anaesthesia with a low dose of bupiv-
acaine (4–6 mg). If spinal anaesthesia was contraindicated, 
patients received general anaesthesia. No drains were used 
post-operatively. Furthermore, propofol was given by tar-
get controlled infusion, which is often used in anaesthesia 
to control the concentration of selected drugs in the plasma 
or at the site of its effect. A standardized protocol of oral 
post-operative medication consisted of 1  g paracetamol 
four times a day, celecoxib 200  mg, gabapentin 300  mg 
and tramadol 100 mg (one dose of each, only for the first 
night after operation). Rescue medication consisted of 
the opioid piritramide 10 mg (maximum six times a day) 
and extra celecoxib 200  mg (maximum once a day). All 
patients received local infiltration analgesia during surgery 
(ropivacaine and epinephrine). A tourniquet was used for 
all patients until 31 December 2012. From 1 January 2013 
no tourniquet was used during surgery. From 1 January 
2013 all patients received 1000 mg tranexamic acid intrave-
nously. Post-operative physiotherapy was undertaken twice 
a day, starting four to six hours after surgery and focused 
on regaining function, movement and gait. The discharge 
criteria were both functional and clinical. Patients had to 
be able to walk 30 m with crutches, to climb stairs, to get 
dressed independently and to go to the toilet independently. 
In addition, adequate pain relief had to be achieved with 
oral medication before discharge, with a VAS <3 at rest and 
<5 during mobilization. Furthermore, if the patient had a 
raised temperature or severely decreased haemoglobin lev-
els, the patient’s hospital stay had to be prolonged.

The outcome was LOS, which was defined as the num-
ber of nights spent in the hospital. LOS was dichotomized 
by performing a median split. A LOS greater than or equal 
to the median was considered a prolonged LOS. Poten-
tial factors associated with a prolonged hospital stay were 
obtained from patient files. These included age, living situ-
ation (alone vs. living together with cohabitants), gender, 
BMI, ASA classification, comorbidities, weekday of sur-
gery and surgeon.

Health status was scored using the ASA classification 
and categorized into ASA I, ASA II and ASA III/IV. For 
each patient, comorbidities were assessed and categorized 
into cardiovascular, pulmonary, neurological, musculoskel-
etal, endocrine and ‘other’ comorbidities. Comorbidities 
were dichotomized in either present or absent. The comor-
bidities were independently extracted from the patient 
files by three reviewers (CL and TM, medical students, 
NM, senior scientist). Disagreements in these assessments 
were solved by discussion, and a final decision of a fourth 
reviewer (HV) was not necessary.

Since this study did not fall under the scope of the Medi-
cal Research Involving Human Subjects Act in the Nether-
lands, no ethical approval was necessary.

Statistical analysis

The associations between each variable and LOS were 
examined with generalized linear mixed models. We con-
sidered a given surgeon’s TKAs to be non-independent, 
and therefore, we nested patients within surgeon. A random 
intercept for each surgeon was fit in order to control for the 
individual surgeon effect. Factors that were associated with 
the outcome in univariable analyses (p values <0.15) were 
included in a multivariable generalized linear mixed model. 
In the multivariable model p values <0.05 were considered 
significant.

Data analyses were performed using ‘R’ version 3.1.2 
with package ‘nlme’ (R Foundation, Vienna Austria).

Results

The mean LOS for the group as a whole was 2.9 nights 
(±1.6) with a median of 3.0 nights. Of the total of 879 
patients, 403 (45.8 %) patients had a LOS < 3 nights and 
476 (54.2  %) a LOS ≥  3 nights. Demographics of both 
groups are listed in Table 1.

Results of the univariable and multivariable models are 
presented in Table 2.

In the multivariable model, factors that were signifi-
cantly associated with an increased LOS were age [OR 
1.01 (95  % CI 1.01–1.02); p  <  0.001], gender [female 
vs. male; OR 1.07 (95  % CI 1.00–1.15); p =  0.04] ASA 
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[ASA III/IV vs. ASA I; OR 1.22 (95  % CI 1.06–1.39); 
p =  0.005], living situation [alone vs. together; OR 1.08 
(95 % CI 1.00–1.16); p = 0.04], neurological comorbidities 
[OR 1.14 (95 % CI 1.06–1.23); p < 0.001], general anaes-
thesia [spinal vs. general (OR 0.86 (95  % CI 0.76–0.97); 
p = 0.02] and weekday of surgery [Thursday vs. Monday; 
OR 1.12 (95 % CI 1.02–1.23); p = 0.02] (Table 2). Mus-
culoskeletal comorbidities [OR 0.91 (95 % CI 0.85–0.97); 
p = 0.005] were significantly associated with a decreased 
LOS after TKA.

Discussion

The most important finding of the present study was that an 
increased LOS was associated with older age, female gen-
der, ASA III/IV, people living alone, the presence of pul-
monary or neurological comorbidities, general anaesthesia 

and surgery on Thursday. The mean LOS in our study was 
2.9, which is shorter than what most other studies that eval-
uate factors associated with LOS after TKA report [9, 15, 
17, 18, 23]. This difference might be explained by the fact 
that most of these studies did not include a fast-track proto-
col. However, even studies that did include a fast-track pro-
tocol reported an average LOS between 3 and 5 days after 
TKA. [5, 7, 11, 21].

In the present study, age was associated with a pro-
longed LOS. This is in accordance with other studies [5, 9, 
11, 15, 17, 18, 23] on LOS after TKA, in fast-track settings 
as well as in non-fast-track settings. Moreover, in another 
study at our institution on LOS after THA in a fast-track 
programme, age was also found to be associated with a 
prolonged hospital stay [4].

General anaesthesia was found to be associated with an 
increased hospital stay when compared to spinal anaesthe-
sia with a low dose of bupivacaine. Local anaesthesia is 
preferable over general anaesthesia in a fast-track setting 
because it has been shown to result in a decrease in com-
plications and side effects [13]. Moreover, local anaesthesia 
improves early mobilization and rehabilitation [3, 13].

As part of our fast-track protocol, all patients received 
local infiltration analgesia during surgery. According to 
Holm et  al. [5] local infiltration analgesia has little or no 
effect beyond 24 h after surgery to achieve a short stay of 
approximately 3 days. However, if LOS after TKA short-
ens, local infiltration analgesia might be predictive for an 
early discharge.

Patients with ASA III or IV were more likely to have 
a longer hospital stay than patients with ASA I. This is 
in accordance with other studies [9, 21]. ASA provides a 
classification system for the fitness of a patient; however, 
it does not take into account all relevant comorbidities 
possibly associated with a prolonged LOS. Therefore, the 
patients’ comorbidities were included in our analyses. The 
presence of neurological comorbidities was associated with 
an increased LOS. Ong and Pua also found that a greater 
number of comorbidities were associated with an increased 
LOS after primary TKA [15]. In the study of Jans et al. [8] 
pre-operative anaemia, cardiac disease and pulmonary dis-
ease appeared to be risk factors for a prolonged LOS after 
primary TKA. Jorgensen et al. [11] showed that cardiopul-
monary disease was significantly related to a LOS of more 
than 4 days. In our study, however, cardiovascular comor-
bidities were not associated with a prolonged LOS after 
primary TKA. No explanation could be found for the asso-
ciation between the presence of musculoskeletal comorbid-
ities and a decreased LOS.

Gender did have a significant effect on LOS following 
TKA (p = 0.04), which is in accordance with other studies 
[7, 22]. However, Tan et al. [18] did not find an association 
between gender and LOS.

Table 1   Demographic data for 405 patients undergoing total knee 
arthroplasty (TKA), for the group with a length of hospital stay <3 
nights, and for the group with a length of hospital stay of ≥3 nights

a  Values are mean ± SD

Total
n (%)

<3 nights
n (%)

≥3 nights
n (%)

n = 879 (100) n = 403 (45.8) n = 476 (54.2)

Age (years)a 70.7 ± 9.5 68.2 ± 8.6 72.7 ± 9.7

Gender

 Female 612 (69.6) 259 (64.3) 353 (74.2)

BMI (kg/m2)* 29.4 ± 5.3 29.4 ± 5.1 29.4 ± 5.5

ASA score

 I 115 (13.1) 77 (19.1) 38 (8.0)

 II 610 (69.4) 280 (69.5) 330 (69.3)

 III/IV 154 (17.5) 46 (11.4) 108 (22.7)

Living situation

 Alone 291 (33.1) 96 (23.8) 195 (40.97)

Comorbidities

 Cardiovascular 560 (63.7) 237 (58.8) 323 (67.9)

 Pulmonary 188 (21.4) 65 (16.1) 123 (25.8)

 Neurological 244 (27.8) 80 (19.9) 164 (34.5)

 Musculoskeletal 300 (34.1) 152 (37.7) 148 (31.1)

 Endocrine 228 (25.9) 93 (23.1) 135 (28.4)

 Other 348 (39.6) 142 (35.2) 206 (43.3)

Anaesthesia

 Spinal 819 (93.2) 381 (94.5) 438 (92.0)

Weekday of surgery

 Monday 312 (35.5) 163 (40.4) 149 (31.3)

 Tuesday 159 (18.1) 66 (16.4) 93 (19.5)

 Wednesday 109 (12.4) 53 (13.2) 56 (11.8)

 Thursday 156 (17.7) 63 (15.6) 93 (19.5)

 Friday 143 (16.3) 58 (14.4) 85 (17.9)
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In our model, living situation was associated with LOS. 
Others also found an association between living situation 
and LOS following TKA [11, 15, 18].

BMI was not significantly associated with an increase 
in hospital stay after TKA. This is in accordance with the 
results of Smith et al. [17] and Van der Belt et al. [21]. In 
contrast, others did find LOS to be influenced by BMI [2, 
9]. An elevated BMI was associated with an increased risk 
of complications following total joint arthroplasty [2], and 
therefore, an association of BMI with LOS might have 
been expected.

Surgeries performed on Thursday were associated with 
an increased LOS, even though discharge was also possi-
ble during weekends. However, in general less personnel is 
present during weekends, which might explain the differ-
ences. This is in agreement with the results of Husted et al. 
[7], although others [17, 21] did not show significant differ-
ences between weekdays.

Some limitations should be discussed. First, we per-
formed a median split to dichotomize LOS. In the absence 
of a prior cut-off point the most common approach is to 
take the sample median. Using the sample median implies 
that various cut-off points will be used in different studies 

so that their results might not easily be compared. In addi-
tion, using the sample median means that much informa-
tion is lost (e.g. all the values above the median are con-
sidered equal), so the statistical power to detect a relation 
might be reduced. However, this appears not to have been 
a problem in the present study. [1] Several others used the 
median as cut-off point to define an increased hospital stay. 
[4, 9].

Second, pre-operative knee scores (patient-reported out-
come measures) were not available for all patients. There-
fore, we could not include these variables in our model. 
Moreover, the effects of walking aids, mobility and post-
operative ROM at day 0 were not included in the present 
study although these have been reported to be associated 
with LOS after primary TKA in other studies. Moreover, 
we did not include smoking and alcohol use in our study. 
Smoking and alcohol did not have any influence on LOS 
in a fast-track setting, according to Jorgensen et  al. [10]. 
In contrast, in studies with a LOS of about 8–14  days, 
patient who smoked or drank >2 units of alcohol daily were 
regarded as having a higher risk of developing post-surgical 
complications leading to an increased hospital stay [19, 
20].

Table 2   Results of univariable 
and multivariable generalized 
linear mixed models with odds 
ratios (OR) and 95 % CIs for 
potential factors associated with 
an increased hospital stay

n.s. non-significant

Characteristic Univariable analyses Multivariable analyses

OR (95 % CI) p value OR (95 % CI) p value

Age (years) 1.01 (1.01–1.02) <0.001 1.01 (1.01–1.02) <0.001

Gender

 Female 1.12 (1.05–1.21) 0.001 1.07 (1.00–1.15) 0.04

BMI (kg/m2) 1.00 (0.99–1.01) 0.90 – –

ASA versus I <0.001 0.02

 II 1.23 (1.12–1.36) <0.001 1.10 (0.99–1.22) 0.09

 III/IV 1.44 (1.28–1.62) <0.001 1.22 (1.06–1.39) 0.005

Living situation

 Alone 1.21 (1.13–1.30) <0.001 1.08 (1.00–1.16) 0.04

Comorbidities

 Cardiovascular Yes 1.10 (1.03–1.18) 0.008 0.99 (0.92–1.06) n.s.

 Pulmonary Yes 1.16 (1.07–1.25) <0.001 1.08 (1.00–1.17) n.s.

 Neurological Yes 1.20 (1.11–1.29) <0.001 1.14 (1.06–1.23) <0.001

 Musculoskeletal Yes 0.94 (0.87–1.00) 0.06 0.91 (0.85–0.97) 0.005

 Endocrine Yes 1.07 (0.99–1.15) 0.07 1.01 (0.94–1.09) n.s.

 Other Yes 1.09 (1.02–1.16) 0.01 1.02 (0.96–1.09) n.s.

Anaesthesia

 Spinal 0.91 (0.80–1.03) 0.14 0.86 (0.76–0.97) 0.02

Weekday of surgery versus monday 0.23 n.s.

 Tuesday 1.07 (0.96–1.20) 0.21 1.10 (1.00–1.22) n.s.

 Wednesday 1.01 (0.91–1.13) 0.81 1.03 (0.93–1.14) n.s.

 Thursday 1.10 (1.00–1.22) 0.06 1.12 (1.02–1.23) 0.02

 Friday 1.09 (0.99–1.22) 0.08 1.07 (0.97–1.18) n.s.
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Another limitation is that no psychological instruments 
were incorporated in our multivariable approach. Litera-
ture has suggested that pre-operative levels of depression 
and internalizing/catastrophizing are associated with less 
improvement in pain and physical functioning after TKA 
and with a prolonged hospital stay [15, 23]. These authors 
hypothesized that patients who catastrophize pre-opera-
tively will tend to avoid movements and physical activity 
post-operatively, whereas in a fast-track setting, patients are 
mobilized on the day of surgery. Therefore, further research 
should investigate the influence of pre-operative levels of 
depression and catastrophizing on outcome and LOS after 
TKA in a fast-track setting.

Conclusion

In conclusion, older age, female gender, ASA III/IV, peo-
ple living alone, the presence of pulmonary or neurological 
comorbidities, general anaesthesia and surgery on Thurs-
day were associated with a prolonged LOS after primary 
TKA using a fast-track protocol. In clinical practice, the 
knowledge of factors associated with an increased LOS 
can be used to further optimize perioperative protocols for 
patients at risk for an increased LOS after TKA.
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