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Abstract

Background
Total hip arthroplasty (THA) is a successful treatment in the improvement of quality of life. Diagnosis-
related groups (DRGs) payment has a signi�cant impact on the hospital market in China and length of
stay (LOS) is one of its crucial manifestations. Patient characteristics and medical provider factors can
affect LOS but the relationship is uncertain. We intent to explore the relationship between patient
characteristics and medical provider factors and LOS of primary THA patients.

Methods
We reviewed the database containing 461 patients who underwent primary THA between January 2014
to January 2019 and regressed the LOS against a variety of perioperative factors. A multivariable linear
regression model was performed to assess the difference.

Results
For parts of patient characteristics, multivariable linear regression analysis revealed that comorbidities,
pre-operation albumin < 30 g/L, and pre-operation CRP ≥ 5 mg/L were all signi�cantly associated with
LOS (p < 0.05). For parts of medical provider factors, multivariable linear regression analysis revealed that
date of surgery, urinary catheter, and incision drainage were all signi�cantly associated with LOS (p < 
0.05).

Conclusions
Patient characteristics and medical provider factors are associated with LOS of THA patients. Evaluation
and identi�cation of risk factors are bene�cial in patients' education, perioperative discussion and
surgery decisions in the different primary THA patient populations.

Introduction
Total hip arthroplasty (THA) is seen as a successful and effective treatment for part of improving quality
of life (QOL), especially in increasing survival rates and reducing pain, for patients with hip diseases [1].
As the aged population keeps increasing, the volume of patients with hip diseases has increased
substantially [2, 3]. As a result, the demand for THA will also increase.

In light of the success of THA, new protocols imply that the focus of research has shifted to reduction in
LOS as one of the primary outcomes of success. LOS of patients who have undergone THA can also be
interpreted as an outcome measure for surgical quality. Diagnosis-related groups (DRGs) based payment
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is increasingly used in China to control hospital costs but the standards of evaluations vary. Previous
review suggested that a substantial rise in the burden of osteoarthritis (OA) is expected and should be
addressed in health policies and DRGs payment had potential cost-saving implications by lowering LOS
[4, 5]. Extended LOS remains a paramount unsolved problem and how these different factors contribute
to prolonging LOS is poorly characterized [6]. Moreover, the association between patient factors and
provider factors is unclear.

Perioperative hospital adverse outcomes represent a signi�cant origin, which were often overlooked. Even
minor events such as fever or tachycardia may lead to prolonging LOS. Identifying risk factors that
lengthen LOS and predicting high-risk patients before surgery is a crucial step in searching for strategies
that might shorten LOS [7]. There is little literature concerning LOS after primary THA, and the speci�c
data is insu�cient.

Methods
All of the surgeries were conducted by professors who were experienced and skilled in the Department of
Bone & Joint Surgery at Peking University Shenzhen Hospital. Approaches such as direct anterior
approaches, lateral, and posterior approaches were based on the general standard. The investigation of
the LOS was performed carefully to ensure the validity of the study.

Patients selection

We built a dataset which contains 611 primary THA patients in our department. The mean age at surgery
was 57.2 years (22 - 96 years). Data were sourced retrospectively from the discharged abstract records.
Each discharged abstract involved a multitude of variables including demographic information and
medical provider factors.

Patients who were lost to follow-up, refused to be discharged, underwent bilateral THA in the same period,
femoral head arthroplasty, or renovation were excluded from the study. This study was a single-center,
retrospective cohort study. We identi�ed patients who met inclusion and exclusion criteria undergone
primary THA by using the International Classi�cation of Diseases 10th (ICD-10) codes. Finally, 461
patients who underwent primary THA were enrolled in this study (Fig. 1).

Study variablesWe reviewed many variables noted in the literature including a panel of perioperative
variables. The variables were collected and analyzed as the follows: (1) Demographic characteristics:
age, gender, body mass index (BMI); (2) Primary diagnosis: hip osteoarthritis (HOA), rheumatoid
arthritis(RA), ankylosing spondylitis(AS), fracture of femoral head, femoral head necrosis, and
developmental dysplaisa of the hip (DDH); (3) Comorbidities: none, hypertension, diabetes metabolic
(DM), coronary heart disease (CHD), stroke, and others; (4) Preoperative hematological results:
hemoglobin (Hb), albumin (Alb), C-reactive protein (CRP), and erythrocyte sedimentation rate (ESR);
Change of hemoglobin (△Hb) and blood loss (BL)[8], patient blood volume (PBV) = K1×height3(m) +
K2×mass(kg) + K3, (Male: K1 = 0.3669, K2 = 0.03219, K3 = 0.6041; Female: K1 = 0.3561, K2 = 0.03308, K3 =
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0.1833), BL = PVB×(Pre-operation hematocrit– Post-operation hematocrit). (5) Post-operative
hematological results: Hb, Alb, CRP, and ESR; (6) Provider factors: date of admission and surgery, ASA
class, anesthesia method, duration of the operation, urinary catheter, and incision drainage. (7) LOS was
de�ned as the number of days from admission to discharge.

Discharge criteria Previous studies emphasize that discharge criteria vary worldwide and suggest that
patients discharged quickly tend to display a decrease in early complications following primary THA
when clinically appropriate [9, 10]. The discharge criteria in our department are as follows. (1) Patients
who are willing to be discharged, (2) patients’ vital signs such as appetite and sleep are normal and
stable, (3) incision has healed well without any signs of infection, (4) hematological results are in normal
range, (5) visual analogue scale ≤ 3, and (6) patients who have satis�ed the standard that they can walk
alone with the help of aids and muscle strength grade ≥ 4.

Statistical analysisAll statistical analyses were carried out using Stata software (version 14.0) and SPSS
software (version 23.0). Continuous variables were summarized using mean ± standard error (SE).
Categorical variables were summarized using number and percent. Chi-square or Student's t test were
applied in univariate analysis. A linear regression model was applied to assess the difference in LOS with
patient characteristics and provider variables, controlling for confounding factors in the multivariable
analysis. We also reported 95% con�dence interval (CI) for each parameter estimate. An alpha level of
0.05 is considered statistically signi�cant.

Results
Univariate-factor Chi-square analysis
For parts of patient demographic characteristics, the univariate-factor chi-square analysis showed no
signi�cant correlation between LOS and gender, age, BMI, or marriage (p > 0.05) (Table 1).
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Table 1
Univariate-factor Chi-square analysis of patient demographic characteristics (N = 461)

Factors Classi�cation Number Percentage Mean ± 
SE

F
Value

p
Value

95% CI

Gender (X1) Female 271 58.80% 17.26 ± 
7.09

1.745 0.08 (-0.160–
2.702)

Male 190 41.20% 17.25 ± 
7.10

Age (year) (X2) X2 < 60 223 48.40% 17.31 ± 
7.15

0.337 0.74 (-0.600–
0.849)

60 ≤ X2 < 70 130 28.20% 17.27 ± 
7.16

70 ≤ X2 < 80 79 17.10% 17.27 ± 
7.11

80 ≤ X2 29 6.30% 17.29 ± 
7.14

BMI (kg/m2)
(X3)

X3 < 18 30 6.50% 17.30 ± 
7.17

-0.787 0.43 (-1.295–
0.554)

18 ≤ X3 < 24 269 58.40% 17.25 ± 
7.10

24 ≤ X3 < 28 132 28.60% 17.25 ± 
7.13

28 ≤ X3 30 6.50% 17.34 ± 
7.17

Marriage (X4) Single 79 17.10% 17.36 ± 
7.20

0.150 0.88 (-1.601–
1.866)

Couple 382 82.90% 17.25 ± 
7.10

SE standard error, CI con�dence interval, BMI body mass index.

For parts of patient pre-operation characteristics, the univariate-factor chi-square analysis implies that
comorbidities were associated with LOS (p < 0.05), while primary disease, pre-operative Alb, pre-operative
ESR, pre-operative CRP, or pre-operative Hb had no signi�cant correlation with LOS (p > 0.05) (Table 2).
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Table 2
Univariate-factor Chi-square analysis of patient pre-operation characteristics (N = 461)

Factors Classi�cation Number Percentage Mean 
± SE

F
Value

p
Value

95% CI

Primary
disease(X1)

Degeneration 28 6.10% 17.31 
± 7.19

-1.656 0.10 (-1.104–
0.094)

In�ammation 56 12.10% 17.27 
± 7.11

Trauma 152 33.00% 17.25 
± 7.11

Necrosis 137 29.70% 17.27 
± 7.14

Deformity 88 19.10% 17.26 
± 7.12

Comorbidities
(X2)

None 154 33.40% 15.60 
± 7.09

3.103 0.002 (0.174–
0.774)

Hypertension 57 12.40% 16.03 
± 7.16

DM 17 3.70% 19.29 
± 7.26

CHD 46 10.00% 19.35 
± 7.00

Stroke 36 7.80% 20.28 
± 7.17

Others 151 32.80% 17.81 
± 7.13

Pre-operation Alb
(X3)

< 30 g/L 8 1.70% 21.38 
± 7.53

-1.453 0.10 (-8.864–
1.327)

≥ 30 g/L 453 98.30% 17.18 
± 7.10

Pre-operation
ESR (X4)

< 15 mm/h 252 54.70% 16.70 
± 7.10

1.414 0.16 (-0.366–
2.245)

≥ 15 mm/h 209 45.30% 17.91 
± 7.10

Pre-operation
CRP (X5)

< 5 mg/L 353 76.60% 17.36 
± 7.10

-1.728 0.09 (-2.993–
0.192)

For parts of provider pre-operation factors, the univariate-factor chi-square analysis implies that ASA
class, anesthesia, and date of surgery were associated with LOS (p < 0.05), while the date of
admission had no signi�cant correlation with LOS (p > 0.05) (Table 3).
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Factors Classi�cation Number Percentage Mean 
± SE

F
Value

p
Value

95% CI

≥ 5 mg/L 108 23.40% 16.89 
± 7.12

Pre-operation Hb
(X6)

< 110 g/dl 56 12.10% 19.00 
± 7.10

-1.664 0.97 (-0.970–
0.081)

≥ 110 g/dl 405 87.90% 17.01 
± 7.10

SE standard error; CI con�dence interval; Alb albumin; ESR erythrocyte sedimentation; CRP C-reactive
protein; Hb hemoglobin.

For parts of provider pre-operation factors, the univariate-factor chi-square analysis implies that ASA
class, anesthesia, and date of surgery were associated with LOS (p < 0.05), while the date of
admission had no signi�cant correlation with LOS (p > 0.05) (Table 3).
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Table 3
Univariate-factor Chi-square analysis of provider pre-operation factors (N = 461)

Factors Classi�cation Number Percentage Mean 
± SE

T / F
Value

p
Value

95% CI

ASA class (X1) 1 176 38.20% 17.27 
± 7.09

2.195 0.03 (0.126–
2.280)

2 258 56.00% 17.25 
± 7.10

3 24 5.20% 17.32 
± 7.20

4 3 0.70% 17.26 
± 6.83

Anesthesia (X2) General 78 16.90% 18.74 
± 7.16

-2.233 0.03 (-3.609 -
-0.230)

Local 383 83.10% 16.95 
± 7.10

Date of
admission (X3)

Weekends 79 17.10% 17.26 
± 7.15

-0.261 0.79 (-0.462–
0.354)

Monday 118 25.60% 17.24 
± 7.12

Tuesday 85 18.40% 17.27 
± 7.12

Wednesday 71 15.40% 17.29 
± 7.14

Thursday 63 13.70% 17.26 
± 7.12

Friday 45 9.80% 17.30 
± 7.12

Date of surgery
(X4)

Weekends 9 2.00% 17.34 
± 6.87

-2.056 0.04 (-0.924 -
-0.021)

Monday 77 16.70% 17.27 
± 7.11

Tuesday 83 18.00% 17.26 
± 7.14

Wednesday 88 19.10% 17.26 
± 7.12

For parts of provider surgery factors, the univariate-factor chi-square analysis showed that duration
and transfusion were associated with LOS (p < 0.05), while urinary catheter, incision drainage, or blood
loss had no signi�cant correlations with LOS (p > 0.05) (Table 4).
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Factors Classi�cation Number Percentage Mean 
± SE

T / F
Value

p
Value

95% CI

Thursday 100 21.70% 17.27 
± 7.16

Friday 104 22.60% 17.26 
± 7.15

SE standard error; CI con�dence interval; ASA American Society of Anesthesiologists.

For parts of provider surgery factors, the univariate-factor chi-square analysis showed that duration
and transfusion were associated with LOS (p < 0.05), while urinary catheter, incision drainage, or blood
loss had no signi�cant correlations with LOS (p > 0.05) (Table 4).
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Table 4
Univariate-factor Chi-square analysis of provider surgery factors (N = 461)

Factors Classi�cation Number Percentage Mean 
± SE

F
Value

p
Value

95% CI

Duration (X1) < 120 min 89 19.30% 16.04 
± 7.12

2.521 0.01 (0.444–
3.582)

≥ 120 min 372 80.70% 17.54 
± 7.09

Urinary catheter
(X2)

No 56 12.10% 16.25 
± 7.18

1.644 0.10 (-0.295–
3.562)

Yes 405 87.90% 17.39 
± 7.10

Incision
drainage (X3)

No 298 64.60% 16.55 
± 7.10

1.357 0.18 (-0.423–
2.311)

Yes 163 35.40% 18.53 
± 7.18

Blood loss (X4) No 2 0.43% 19.67 
± 8.15

-1.478 0.14 (-0.006–
0.001)

Yes 459 99.57% 19.67 
± 5.51

Transfusion
(X5)

No 326 70.70% 16.44 
± 7.10

4.118 0.001 (0.517–
1.460)

Yes 135 29.30% 19.20 
± 7.11

SE standard error; CI con�dence interval.

Here are the regression curves of factors that can in�uence LOS in THA patients including
comorbidities, ASA class, anesthesia, date of surgery, duration, and transfusion (Fig. 2).

Obviously, the results of univariate-factor analysis in this study suggest that some factors including
comorbidities, ASA class, anesthesia, date of surgery, duration, and transfusion are signi�cantly
associated with LOS (p < 0.05), while some of the factors are not signi�cantly statistically (p 0.05).
However, when it pertains to the literature and clinical practice, factors that are not statistically
signi�cant in the univariate-factor analysis are also included in the multivariable linear regression
analysis.

2. Multivariable linear regression analysis
For parts of patient characteristics, multivariable linear regression analysis suggested that comorbidities
(DM (β = 4.09), CHD (β = 2.87), stroke (β = 4.47), others (β = 1.92)), pre-operation Alb < 30 g/L (β = 6.29),
and pre-operation CRP ≥ 5 mg/L (β = 1.94), are signi�cantly associated with LOS (p < 0.05) (Table 5).
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Table 5
Multivariable linear regression analysis of patient characteristics (N = 461)

Factors β SE T Value p Value 95% CI

Gender (X1)          

Female (Reference group)

Male 0.60 0.84 0.60 0.55 -1.153–2.156

Age (X2)  

X2 < 60 (Reference group)

60 ≤ X2 < 70 -1.14 1.01 -1.13 0.26 -3.12–0.85

70 ≤ X2 < 80 -0.12 1.25 -0.09 0.93 -2.57–2.33

80 ≤ X2 1.84 1.78 1.03 0.30 -1.67–5.35

BMI (X3)          

X3 < 18 (Reference group)

18 ≤ X3 < 24 0.54 1.58 0.34 0.73 -2.56–3.63

24 ≤ X3 < 28 -0.06 1.67 -0.04 0.97 -3.33–3.21

28 ≤ X3 -0.79 2.04 -0.39 0.70 -4.81–3.23

Comorbidities (X4)          

None (Reference group)

Hypertension 0.78 1.25 0.62 0.53 -1.68–3.24

DM 4.09 1.99 2.05 0.04 0.18–8.00

CHD 2.87 1.37 2.09 0.04 0.17–5.57

Stroke 4.47 1.52 2.94 0.003 1.48–7.46

Others 1.92 0.90 2.13 0.03 0.15–3.70

Pre-operation Alb (X5)          

≥ 30 g/L (Reference group)

< 30 g/L 6.29 2.95 2.13 0.03 0.49–12.09

Pre-operation ESR (X6)          

< 15 mm/h (Reference group)
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Factors β SE T Value p Value 95% CI

≥ 15 mm/h 0.86 0.75 1.15 0.25 -0.61–2.33

Pre-operation CRP (X7)          

< 5 mg/L (Reference group)

≥ 5 mg/L 1.94 0.94 2.07 0.04 0.10–3.79

SE standard error; CI con�dence interval; DM diabetes metabolic; CHD coronary heart disease; Alb
albumin; ESR erythrocyte sedimentation; CRP C-reactive protein.

For parts of providers factors, multivariable linear regression analysis suggested that date of surgery
(Tuesday (β = -6.54), Wednesday (β = -6.63), Thursday (β = -5.57), Friday (β = -6.06)), urinary catheter (β = 
2.22), and incision drainage (β = 2.87) are signi�cantly associated with LOS (p < 0.05) (Table 6).
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Table 6
Multivariable linear regression analysis of provider factors (N = 461)

Factors β SE T Value p Value 95% CI

Anesthesia (X1)          

General (Reference group)

Local -1.77 1.01 -1.75 0.08 -3.77–0.22

Date of surgery (X2)          

Weekends (Reference group)

Monday -4.40 2.65 -1.66 0.09 -9.62–0.82

Tuesday -6.54 2.67 -2.45 0.01 -11.78 - -1.29

Wednesday -6.63 2.65 -2.50 0.01 -11.83 - -1.42

Thursday -5.57 2.66 -2.10 0.04 -10.80 - -0.36

Friday -6.06 2.64 -2.29 0.02 -11.26 - -0.86

Urinary catheter (X3)          

No (Reference group)

Yes 2.22 1.13 1.96 0.04 0.001–4.43

Incision drainage (X4)          

No (Reference group)

Yes 2.87 0.79 3.65 < 0.001 1.32–4.41

SE standard error; CI con�dence interval.

Discussion
Lots of relevant research has consistently identi�ed THA as a successful treatment for patients’ end-
stage hip diseases [11]. Over time, the implementation process of DRGs-based payment has developed
rapidly and LOS has become one of the most critical manifestations of health policies [12, 13]. Even
though there has been rapid progress in THA surgery, there is little literature concerning factors that may
affect LOS of THA patients. Peters et al believed that factors could be classi�ed into two categories:
patient characteristics and medical provider factors [14]. The concept of LOS was investigated quite
intensively in recent years, but the reasons for extending LOS are currently unknown.

Although former researchers have spent much effort on shortening LOS and improving outcomes of THA.
Unfortunately, most of the �ndings are varied and uncertain and they have not developed an e�cient and
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effective method yet. Accurate data, regarding risk factors for prolonging LOS after THA, are critical for
improving health outcomes. Efforts to reduce LOS and minimize adverse outcomes are necessary.
Therefore, it is signi�cant to explore the in�uence of the factors.

Reports from international registries revealed that extended LOS was independently associated with a
history of comorbidities such as diabetes, heart disease, and hypertension, which were correlated with
improved selected outcomes [15, 16]. Our �ndings are in consistent with earlier reports that comorbidity is
one of the risk factors. For future patient care, multiple disciplinary discussions and more speci�cally
perioperative evaluation are necessary for patients who were caught comorbidity if possible.

Previous papers demonstrated that several pre-operative variables were independently associated with
extended LOS. Lower pre-operative Alb is one of the independent risk factors for predicting adverse
outcomes following primary THA [17–19]. Our �ndings are in line with earlier reports and con�rm the
strong association between LOS and hypoalbuminemia (Alb < 30 g/L). Pre-operative Alb could promote
incision healing and re�ect the nutrition status, while hypoalbuminemia would lead to a variety of
complications or even death. Malnutrition is a modi�able risk factor for poor outcomes and surgeons
should pay close attention to patients’ nutrition status. Accurate identi�cation of patients’ malnutrition
will allow pre-operative nutrition interventions, which can help to improved post-operative outcomes.

Besides hypoalbuminemia, researchers demonstrated that abnormal pre-operative hematological tests
are associated with prolonged LOS [20]. Lower pre-operative health status was associated with less
satisfaction [21]. Our �ndings are in consistent with earlier reports and con�rm the strong association
between pre-operation CRP and LOS. CRP is a sensitive indicator predicting the probability of infection
and in�ammation. Laboratory evaluation could help surgeons identify and take appropriate preventive
measures for high-risk patients. They can also help guide preparation pre-operatively and determine the
intervention of routine follow-up post-operatively.

For patient characteristics, comorbidity is a non-modi�able risk factor but the status of nutrition and
hematological results are modi�able. Devoting more attention to selected patients emphasizes the
importance of considering comorbidities and preparing positive interventions in the context of the
speci�c procedure.

Previous studies reported that surgical techniques could reduce adverse outcomes [22]. Acute nerve injury
is rare but potentially devastating following THA due to the schedule of surgery[23]. Our results are
consistent with earlier reports and con�rm the strong associations linking LOS to date of surgery. These
associations imply that schedule of operation is signi�cant and crucial variables in improving outcomes.
Surgical techniques and proper schedule are needed to be improved in order to perform surgery
accurately.

Routine use of urinary catheterization in fast-track THA may increase the risk of postoperative urinary
retention and infection, which are potential sources of infection [24]. These �ndings con�ict against the
routine use of perioperative indwelling catheterization [25, 26]. However, our results imply that
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catheterization is a risk factor and con�rm the strong association between catheterization and LOS.
Former research �ndings are debatable and further study may be needed. Patients treated with indwelling
catheterization, history of urinary retention, and high volumes of �uid volume were signi�cantly more
likely to experience urinary retention and infection postoperatively. Intermittent catheterization, or
removing it in the early stage, would be better choices for selected patients to prevent adverse outcomes
if necessary.

Several papers have used administrative databases to evaluate drainage, which was associated with a
prolonged LOS [27, 28]. Drainage could result into heterotopic ossi�cation, which may result in more
complications due to restriction of early postoperative mobilization and exercise [29, 30]. All of these
�ndings are in line with our results and we indicate that drainage is a risk factor of prolonged LOS.
Furthermore, no-drainage for easy THA may be a better choice for surgeons but complicated THA should
be evaluated in details.

Based on the current �nding, we can draw the conclusion that schedule of surgery, urinary catheter, and
drainage can extend LOS for THA patients for parts of medical care providers. This knowledge not only
can help physicians guide patients' expectations before THA but also direct surgeons devoting more
attention to these factors in case of bringing negative effect.

Additionally, previous analysis demonstrated that extended LOS was independently associated with
gender and age, and obesity [31, 32]. Some research believes that understanding current practice patterns
in anesthesia may serve as a platform for future work aimed at maximizing effective postoperative pain
control and minimizing the risks [33, 34]. The former research �ndings are not in line with ours but our
data revealed the tendency about this, which may be due to the limitation of our dataset and the patient
characteristics of our registration. We will consider increasing our sample size and performing a follow-
up investigation in a future study.

Previous studies have emphasized potential advantages in reducing LOS. Evaluation of risk factors is
bene�cial in discussion of the perioperative risks of THA and patients' education in the different patient
populations, and future studies should try to identify more precise factors. In order to shorten the LOS and
improve THA outcomes, surgeons should pay more attention to selected patients during the perioperative
management. Individualized treatment schedules and proper methods are needed to strengthen the
intervention, which would be highly bene�cial in shortening the LOS.

Furthermore, there are several limitations in our research study. First, we conducted this retrospective
cohort study by using a database in our department several years ago, particularly with new generation
constructs. Prospective studies are needed to validate these calculators and to re�ne them over time.
Moreover, the standard of discharge may not be consistent according to the surgeon. Last but not least,
the database did not include information on long-term follow-up outcomes. We believe that future studies
are necessary to de�ne the risk factors clearly and use more robust experimental designs to con�rm the
results.



Page 17/23

Conclusions
The study explores risk factors and illustrates the role of predicting the occurrence of prolonging and
shortening the LOS in primary THA patients. For patient characteristics, comorbidities, pre-operation Alb < 
30 g/L, and pre-operation CRP ≥ 5 mg/L may prolong LOS. For provider variables, duration and schedule
of surgery, urinary catheter, and incision drainage may prolong LOS. Our study is useful for identifying
risk factors of both patients and providers, which can help shorten the LOS, make better perioperative
plans and improve the quality of medical care.
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Figures

Figure 1

The �ow diagram illustrates patient selection undergoing primary THA.
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Figure 2

Regression curves.
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