Therapeutics and Clinical Risk Management Dovepress
Taylor & Francis Group

Supine Positioning in Primary Total Hip
Replacement is Associated with a Shorter
Hospital Stay Than Lateral Positioning:

A Retrospective Propensity-Score Matched
Cohort Study

Yung-Fong Tsai''2, Chih-Yi Hsu®?3, Wei-Ti Hsu*, Chiung-Wen Lai®, Tsung-Yang Lee?,
Tsan-Wen Huang®*, Shao-Chun Wu®*>*

'Department of Anesthesiology, Chang Gung Memorial Hospital, Linkou Branch, Taoyuan, Taiwan; 2College of Medicine, Chang Gung University,
Taoyuan, Taiwan; 3Department of Anesthesiology, Kaohsiung Chang Gung Memorial Hospital, Kaohsiung, Taiwan; “Department of Anesthesiology,
China Medical University Hospital, Taichung, Taiwan; *Department of Anesthesiology, Jen-Ai Hospital, Taichung, Taiwan; *Department of Orthopaedic
Surgery, Jen-Ai Hospital, Taichung, Taiwan

*These authors contributed equally to this work: Shao-Chun Wu and Tsan-Wen Huang
Correspondence: Shao-Chun Wu, Department of Anesthesiology, Kaohsiung Chang Gung Memorial Hospital, Kaohsiung, Taiwan,

Email shaochunwu@gmail.com; Tsan-Wen Huang, Department of Orthopaedic Surgery, Jen-Ai Hospital, Taichung, Taiwan,
Email b8601081@cgmh.org.tw

Background: There is still no definite answer regarding the most advantageous patient positioning during total hip replacement
(THR). We compared whether patient position (lateral vs supine) incur a difference on hospital length of stay (LOS) after primary
THR.

Methods: This retrospective cohort study included primary THR patients at a single tertiary center (2017-2022). THR patients
prepared in the lateral decubitus position were compared to those in the supine position. Propensity score matching at a 1:4 ratio was
applied to minimize selection bias. Matching covariates included age, sex, body weight, comorbidities (hypertension, diabetes),
anesthesia time, and intraoperative tranexamic acid use. After matching, 990 patients were analyzed (792 lateral; 198 supine).
Results: In supine group, the median LOS (5 days, IQR: 4-6) was shorter than the lateral group (5 days, IQR: 5-6; p<0.001). More
supine patients were discharged before day 5 (45.5% vs 22.7%, p<0.001). Multivariate analysis revealed supine position as the
strongest protective factor against long hospitalization (OR: 0.32, 95% CI: 0.23-0.46, p<0.001). Other notable predictors of long LOS
included ASA =>III (OR: 1.74), longer anaesthesia duration (OR: 1.78), and higher IV fluid administration (OR: 1.08). Patient
positioning did not notably predict blood transfusion risk (OR: 1.32, p=0.144).

Conclusion: THR patients in supine positioning have a substantial reduction in hospital LOS compared to patients in lateral decubitus
positioning, with supine position providing a 68% reduction in risk of long hospitalization. The two groups showed no difference in
blood transfusion requirements.
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Introduction

Total hip replacement (THR) is one of the most successful surgeries for treating end-stage hip osteoarthritis." Since last
decade, enhanced perioperative protocols have dramatically reduced hospital length of stay (LOS) in patients receiving
THR.? Median LOS has decreased in contemporary fast-track programs.? Reducing LOS is desirable for both patients
and health systems because prolonged hospitalization can increase costs and risk of nosocomial complications.**
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Conversely, extended inpatient stays may result in more 30-day readmission and early complications post-operation.>®
Based on these implications, there is strong interest in identifying factors that influence LOS after THR.

The choice of patient positioning during total hip replacement surgery is typically between lateral decubitus and
supine approaches, and they may substantially influence perioperative management and postoperative recovery. Lateral
decubitus positioning is conventionally used for posterolateral and direct lateral approaches. Otherwise, supine position-
ing is commonly employed for the direct anterior approach and some anterolateral approaches. Surgeon preference for
surgical approach is the major determinant of patient positioning. As highlighted in a recent systematic review and meta-
analysis’ and supported by a randomized clinical trial,® the choice of position may affect surgical exposure, soft tissue
handling, and the use of intraoperative imaging as well as early mobilization. In our institution, more than 85% of lateral-
positioned THRs used the posterolateral approach, and nearly all supine-positioned THRs were performed via anterior-
based and muscle-sparing techniques. These patterns reflect standard surgical practice and explain the close linkage
between surgical approach and intraoperative positioning. And thereby possibly influences pain, blood loss, and
functional recovery.

However, it remains unclear which position takes a clear advantage of postoperative recovery acceleration and LOS
shortening.” Prior studies compared supine and lateral positions have mainly focused on surgical metrics rather than
recovery milestones, including component alignment and blood loss. Recently, other’s study reported that no notable
difference was found in overall clinical outcomes between two positions.” Notably, that analysis reported that lateral
position group slightly lower intraoperative blood loss and postoperative pain (VAS scores) than supine position group,
and even the cup anteversion accuracy was marginally better. Previous randomized trials showed some divergent
conclusions. Takada et al showed that the acetabular tilt was more accurately measured with the patient in the supine
position than in the lateral position during THR using an anterolateral Watson-Jones approach.’ In contrast, the results of
a study by Giiler et al showed that the supine position was associated with poor intraoperative outcomes, including higher
blood loss, especially in obese patients undergoing THR.” Both positions generally provide acceptable surgical outcomes
despite of these subtle differences.'® Thus, whether one position allows faster recovery and discharge remains an open
question. Several studies have examined the influence of surgical approach on hospital stay after THR. The studies of
Ang et al and Loh et al demonstrated that the direct anterior approach, typically performed in the supine position, was
associated with a significantly shorter LOS compared with posterior or lateral approaches.'"'? In contrast, a recent
systematic review by Papalia et al and a randomized clinical trial by Xiao et al reported no significant differences in LOS
between supine and lateral positioning once approach-related factors were accounted for.”* These contrasting findings
underscore the difficulty of disentangling the effect of positioning from that of surgical approach. To address this issue,
our propensity-matched analysis was specifically designed to minimize patient- and surgery-related confounders in order
to better isolate the independent impact of positioning on postoperative LOS.

Multiple variables may affect LOS such as patient health, perioperative care, and hospital discharge policies.
Numerous cohort studies have identified patient-related predictors of prolonged LOS after joint replacement, and they
were advanced age, higher comorbidity burden (eg American Society of Anesthesiologists (ASA) class >3), medical
complications, and discharge disposition.* Patient factors and surgical practice patterns usually result in variabilities in
LOS. Surgical technique may be another factor. The direct anterior approach (typically done supine) has shown to lessen
12 though others found no LOS difference
between anterior (often supine) and lateral/posterior approaches.”® Because supine positioning commonly accompanies

hospital stays 0.3—2 days than posterolateral approaches in some studies,

anterior approaches while lateral positioning is used with lateral/posterior approaches, separating the effects of patient
positioning from surgical technique on length of stay proves problematic. For example, take intraoperative fluoroscopy
under supine positioning may enable improvement on component placement accuracy'® and potentially reduce early
complications like dislocation. The lateral positioning, however, may provide easier access for certain surgeons, and
possibly induce less muscle trauma in some approaches.

We therefore compared postoperative hospital stay between lateral and supine positioning for primary THR.
Propensity score matching was used to balance important confounding variables including patient demographics and
comorbidities. Supine positioning is commonly used a minimally invasive anterior or anterolateral approach. Our study
hypothesizes that supine positioning promotes early mobilization and pain control, because it results in a shorter LOS
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compared to lateral positioning. Our study aims to identify independent predictors of long LOS in cohort population to
clarify the impact of positioning relative to patient-related factors. The present study shows how the surgical approach
decisions and perioperative protocols can impact patient safety and facilitate earlier discharge on best recovery
after THR.

Materials and Methods
Study Design and Setting

This study was a retrospective cohort design, and ethical approval was obtained from the Institutional Review Board of
Kaohsiung Chang Gung Memorial Hospital (approval number: 202500857B0), and was conducted in accordance with the
Declaration of Helsinki. The protocol of present research complied with the STROBE guidelines and followed all pertinent
ethical standards.'* Between January 2017 and December 2022, patients who received primary THR at our institution were
recruited to the cohort. THR can be performed via different surgical approaches, and patient positioning usually is lateral or
supine. All patients were under general anesthesia. After excluding patients with missing data (n = 25), 1551 patients were
included in the study. The patients were categorized into two distinct groups: the first was prepared in lateral position (n = 1320)
and the second was prepared in supine position (n =231). A propensity score matching was set for preventing potential selection
bias, and logistic regression was analyzed for each patient receiving total hip replacement (THR) in the supine versus lateral
position. The relevant variables in model included clinically demographics and comorbidities such as age, sex, body weight,
hypertension, diabetes mellitus, anesthesia duration, and intraoperative use of tranexamic acid. These variables were chosen
based on clinical reasoning and prior evidence that they might influence both the choice of surgical approach/position and the
outcome (LOS).>* Ultimately, a 1:4 propensity score-matched analysis was conducted on 990 patients (Figure 1). There were
792 patients allocated to lateral position group, and the other 198 patients were to the supine position group.

Total hip replacement performed
from January 2017 to December
2022 (n=1576)

Excluded: missing data (n = 25)

Patient enrolled (n = 1551)
Lateral position (n = 1320)
Supine position (n =231)

Propensity score matching (1:4) by covariates:

age, gender, body weight, hypertension,

diabetes  mellitus, anesthesia  duration,

transamine use

Matched population (n = 990)
Lateral position (n = 792)
Supine position (n = 198)

Figure | Flow diagram of study design and group allocation.
Abbreviation: THR, total hip replacement.

Therapeutics and Clinical Risk Management 2025:21 hetps: 1581



Tsai et al

Patient Population

Adult patients (age >18) were eligible if they underwent elective primary THR for degenerative joint disease. The
exclusion criteria were patients received THRs based on acute fracture, infection, or tumor, as well as revision surgeries.
These scenarios often result in prolonged hospitalization in nature for reasons unrelated to patient positioning. Patients
were also excluded from cohort if there was a lack of complete records of key variables (eg missing LOS or covariate
data). Patients were divided into two groups based on intraoperative positioning. One is the lateral position group where
patients are positioned on their side, typically used for posterolateral or direct lateral surgical approach. The other group
was the supine position group where patients were positioned on their back, typically used for anterior or anterolateral
approach. The assignment of positioning was determined by the operating surgeon’s standard practice and approach.
Approximately 85% of the THR procedures were done via a posterolateral approach in lateral decubitus, and the
remainder via an anterior-based muscle-sparing approach in supine position. No surgeons routinely performed THR
using an anterior approach in the lateral position or posterior approach in the supine position, so patient position closely
corresponded to the surgical approach.

Perioperative Care Pathway

All patients were managed in accordance with an institutional enhanced recovery protocol for total hip replacement
(THR), and encompassed preoperative patient education, optimization of medical comorbidities, adherence to standar-
dized general anesthesia procedures as well as application of multimodal analgesia (including regional nerve blocks or
periarticular local infiltration). The protocol aimed to promote early mobilization on postoperative day 0 or 1 and provide
implementation of standardized discharge criteria. Physical therapy was initiated the day after surgery. The preset
discharge criteria included stable vital signs, adequate pain control on oral analgesics, ability to ambulate with an
assistive device, and no unresolved medical issues.

Primary Outcomes and Predictor Variables

The primary outcome was LOS that was defined as the number of days from the day of surgery to the day of discharge.
For reference, at our institution the day of surgery is counted as postoperative day 0; most elective THR patients are
discharged on postoperative day 5 or 6 under our practice routine. We also defined long LOS as a stay not less than the
mean of the cohort’s LOS distribution (which corresponded to >5 days in this study). This threshold represents a long
hospitalization referenced by typical recovery. Our study applied logistic regression to evaluate predictors of long LOS
(=5 days, coded as 1; <5 days as 0) and need for blood transfusion (yes = 1; no = 0). Predictor variables are age, gender,
body weight, ASA score, patient positioning, anesthesia duration, inhalational agent and dose, intraoperative intravenous
(IV) fluid volume, estimated blood loss, urine output, hypertension (HTN), diabetes mellitus (DM), and use of
tranexamic acid.

Statistical Analysis

We applied a 1:4 propensity score matching to minimize the bias resulting from baseline differences on outcome
measures. The matching was based on a logistic regression model incorporated covariates such as age, sex, body
mass, presence of HTN or DM, duration of anesthesia, and use of transamine acid. Following matching, 85.7% of
the patients in the supine position group were retained and resulted in the allocation of 792 patients from the lateral
position group. Categorical variables are included gender, ASA physical status, Apfel score, inhaled anesthetics,
blood loss, comorbidities, and blood transfusion, and their data were presented as raw numbers or percentages and
compared using Fisher’s exact or chi-square tests Depending on normality, continuous numeric data were analyzed
by Student’s ¢-test or the Mann—Whitney U-test. Their data were presented as the median (interquartile range (IQR),
25-75%). The normality of the distribution was assessed by using Kolmogorov—Smirnov test. The impact of each
variable on long LOS was evaluated via using univariate analysis and multiple logistic regression models, speci-
fically binary logistic regression. We performed age-stratified analysis to evaluate the differential effects of patient
positioning across age groups. Patients were categorized into two groups: younger cohort (<65 years) and elderly
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population (>65 years). Violin plots were generated to visualize the distribution patterns of hospital LOS between
supine and lateral positioning approaches within each age stratum. This visualization method was chosen to
demonstrate both the density distribution and variability of LOS data, providing comprehensive insights into
recovery patterns across different age groups. The violin plots display the full distribution of data points, median
values, and quartile ranges, allowing for detailed comparison of positioning effects within each age category.
Statistical analysis was done by SPSS® version 22.0 (IBM® Corp., Armonk, NY, USA). Statistical significance
was established if p <0.05.

Results

Patient Characteristics

There were 1576 patients who underwent THR surgery included since January 1, 2017 to December 31, 2022. Twenty-
five cases were excluded due to missing data, and 1551 patients remained (1320 in the lateral position, 231 in the supine
position). After a propensity score matching, it resulted in an analyzed cohort of 990 patients (792 in the lateral position,
198 in the supine position) (Figure 1). Baseline demographic and clinical profiles of participants are outlined in Table 1.
There were no statistically significant differences between the groups in terms of sex, age, body mass, ASA classification,

Table | Baseline Characteristics of Propensity Score-Matched THR Patients by Patient Position (n = 990)

Variables (Unit) N (%) or Median (IQR) Position p-value
Lateral (n=792) | Supine (n=198)
Gender
Female 536 (54.1%) 427 (53.9%) 109 (55.1%) 0.774
Male 454 (45.9%) 365 (46.1%) 89 (44.9%)
Age (years) 62.0 (50.0-70.0) 62.0 (50.0-70.0) 64.0 (49.0-70.0) | 0.628
Body weight (kg) 64.0 (55.0-73.0) 63.5 (55.0-73.0) 64.0 (56.0-72.0) | 0.706
ASA
1&1l 657 (66.4%) 528 (66.7%) 129 (65.2%) 0.686
ASA Z Il 333 (33.6%) 264 (33.3%) 69 (34.8%)
Apfel score
0 100 (10.1%) 82 (10.4%) 18 (9.1%) 0.832
| 348 (35.2%) 281 (35.5%) 67 (33.8%)
2 383 (38.7%) 301 (38.0%) 82 (41.4%)
=3 159 (16.1%) 128 (16.2%) 31 (15.7%)
Anesthesia duration (hr) 3.12 (2.78-3.58) 3.10 (2.77-3.57) 3.20 (2.85-3.75) | 0.050
Anesthetic choice
Sevoflurane 782 (79.0%) 622 (78.5%) 160 (80.8%) 0.483
Desflurane 208 (21.0%) 170 (21.5%) 36 (19.2%)
Dosage of sevoflurane (mL/kg/hr) | 0.20 (0.16-0.25) 0.20 (0.16-0.25) 0.18 (0.15-0.23) 0.003
Dosage of desflurane (mL/kg/hr) | 0.32 (0.26-0.40) 0.33 (0.27-0.40) 0.31 (0.22-0.40) | 0.346
IV fluid (mL/kg/hr) 4.78 (3.54-6.36) 4.84 (3.54-6.53) 4.72 (3.60-6.00) | 0.388
Blood loss (mL/kg/hr) 1.68 (1.15-2.52) 1.62 (1.14-2.45) 1.90 (1.29-2.94) | 0.011
Urine output (mL/kg/hr) 1.62 (0.98-2.41) 1.59 (0.98-2.41) 1.78 (0.98-2.45) | 0.388
Hospital stays (days) 5.0 (4.0-6.0) 5.0 (5.0-6.0) 5.0 (4.0-6.0) <0.001
Categorized by:
< 5 days 270 (27.3%) 180 (22.7%) 90 (45.5%) <0.001
= Sdays 720 (72.7%) 612 (77.3%) 108 (54.5%)
Hypertension
No 565 (57.1%) 455 (57.4%) 110 (55.6%) 0.630
Yes 425 (42.9%) 337 (42.6%) 88 (44.4%)
(Continued)
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Table | (Continued).

Variables (Unit) N (%) or Median (IQR) Position p-value
Lateral (n=792) | Supine (n=198)
Diabetes mellitus
No 851 (86.0%) 680 (85.9%) 171 (86.4%) 0.855
Yes 139 (14.0%) 112 (14.1%) 27 (13.6%)
Transamine use
No 30 (3.0%) 24 (3.0%) 6 (3.0%) 1.000
Yes 960 (97.0%) 768 (97.0%) 192 (97.0%)
Blood transfusion
No 747 (75.5%) 607 (76.6%) 140 (70.7%) 0.083
Yes 243 (24.5%) 185 (23.4%) 58 (29.3%)
Hemovac drain
No 716 (72.3%) 568 (71.7%) 148 (74.7%) 0.394
Yes 274 (27.7%) 224 (28.3%) 50 (25.3%)

Notes: Non-normally distributed data are presented as medians (IQR, 25-75%). Statistical tests such as the Kolmogorov Smirnov (for
normal distribution), Mann-Whitney U, chi-square, and Fisher’s exact tests are used as appropriate.
Abbreviations: ASA, American Society of Anesthesiologists physical status classification; IQR, interquartile range; IV, intravenous.

Apfel score, anesthesia time, or the presence of comorbidities such as HTN and DM, as well as the incidence of
perioperative blood transfusion (Table 1).

Regarding intraoperative variables, there were marked differences in the amount of sevoflurane used (p=0.003) and
intraoperative blood loss (p=0.011). However, anesthesia duration (lateral: 3.10 hr vs supine: 3.20 hr, p=0.050),
desflurane dosage (p=0.346), volume of transfused IV fluid (p=0.388), and urine output (p=0.388) did not differ
substantially.

LOS Outcomes

A marked difference between the two groups was observed in the length of hospital stay (»<0.001). Although the median
length of hospital stay was 5.0 days in both groups, their IQRs were different as 5.0-6.0 days for the lateral group and
4.0-6.0 days for the supine group (Table 1). When subgroup stratified by LOS, more patients in supine group
experienced a hospital stay of fewer than 5 days (45.5%) than lateral group (22.7%) with a statistical significance
(»<0.001). Conversely, patients in the lateral group had a higher percentage (77.3%) of hospital stay of 5 days or more
compared to the supine group (54.5%). No significant difference was noted in the rates of blood transfusion (p=0.083) or
Hemovac drain use (p=0.394).

Predictors of Long LOS

Several important predictors were associated with long hospital stay by multivariate logistic regression analysis
(n=990) (Table 2). Supine positioning emerged as the strongest protective factor against long hospitalization, with

Table 2 Univariate and Multivariate Logistic Regression for Predictors of Long Hospital Stay (LOS = 5 Days) (n = 990)

Variables (Unit) N (%) or Median (IQR) Univariate Multivariable

OR (95% CI) p Value | OR (95% CI) | p Value

Female 536 (54.1%) | |

Male 454 (45.9%) 1.08 (0.82—-1.43) | 0.585 1.07 (0.76—1.50) | 0.699
Age (y) 62.0 (50.0-70.0) 1.0l (1.00-1.02) | 0.295 1.00 (0.99-1.02) | 0.580
Body weight (kg) 64.0 (55.0-73.0) 1.00 (0.99-1.01) | 0.672 1.01 (0.99-1.02) | 0.528

(Continued)
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Table 2 (Continued).

Variables (Unit) N (%) or Median (IQR) Univariate Multivariable
OR (95% CI) p Value | OR (95% CI) p Value

ASA T &I 657 (66.4%) | |

ASA = Il 333 (33.6%) 1.69 (1.23-2.31) | 0.001 1.74 (1.22-2.48) | 0.002

Lateral position 792 (80.0%) I |

Supine position 198 (20.0%) 0.353 (0.26-0.49) | <0.001 0.32 (0.23-0.46) | <0.001

Anesthesia duration (hr) 3.12 (2.78-3.58) 1.70 (1.32-2.20) | <0.001l 1.78 (1.34-2.36) | <0.001

Sevoflurane choice 782 (79.0%) | |

Desflurane choice 208 (21.0%) 1.20 (0.84-1.70) | 0.316 1.06 (0.71-1.59) | 0.779

Anesthetic consumption (mL/kg/hr) | 0.21 (0.17-0.29) 1.46 (0.39-5.27) | 0.587 1.08 (1.00-1.17) | 0.515

IV fluid (mL/kg/hr) 4.78 (3.54-6.36) 1.09 (1.02-1.17) | 0.009 1.08 (1.00-1.17) | 0.044

Blood loss (mL/kg/hr) 1.68 (1.15-2.52) I.11 (0.99-1.25) | 0.084 1.09 (0.95-1.24) | 0.208

Urine output (mL/kg/hr) 1.62 (0.98-2.41) 0.91 (0.80-1.03) | 0.147 0.95 (0.81-I1.11) | 0.512

Hypertension (-) 851 (86.0%) | |

Hypertension (+) 139 (14.0%) 1.21 (0.91-1.60) | 0.199 1.02 (0.72—1.44) | 0.903

Diabetes mellitus (-) 565 (57.1%) | [

Diabetes mellitus (+) 425 (42.9%) 0.96 (0.64-1.43) | 0.823 0.93 (0.60-1.45) | 0.747

Transamine (—) 30 (3.0%) | |

Transamine (+) 960 (97.0%) 1.35 (0.62-2.91) | 0.451 1.63 (0.72-3.73) | 0.245

Note: The p-value is adjusted by controlling the false discovery rate.
Abbreviations: ASA, American Society of Anesthesiologists physical status classification; Cl, confidence interval; LOS, length of stay; OR, odds ratio;
IQR, interquartile range; IV, intravenous.

an odds ratio [OR] of 0.32 (95% confidence interval [CI] at 0.23-0.46, p<0.001), representing a 68% reduction in
the risk of extended hospital stays. This finding indicates that patients undergoing surgery in the supine position
have notably lower odds of long LOS compared to those in lateral positions. Patients with ASA physical status I1I
or higher exhibited substantially increased odds of long hospitalization (OR: 1.74) with 95% confidence interval
(CI) at 1.22-2.48, p=0.002. The ASA classification is a well-established preoperative indicator for overall
evaluating a patient’s health status and comorbidity burden. Patients with a higher ASA score represented reduced
physiological reserve and a diminished ability to tolerate surgical stress that may contribute to long recovery
times.

Furthermore, longer anesthesia duration was a strong risk factor for long LOS (OR: 1.78, 95% CI: 1.34-2.36,
p<0.001). Anesthesia duration often correlates with surgical complexity and invasiveness and indicates that more
demanding procedures to lead to extended recovery. Higher infusion rate of intraoperative IV fluid also represented
greater odds of long LOS (OR: 1.08, 95% CI: 1.00-1.17, p=0.044) (Table 2).

Age-Stratified Analysis of LOS by Positioning

Violin plot analysis of 990 patients revealed distinct distribution patterns of hospital LOS between positioning
approaches across age stratifications (Figure 2). In the younger cohort (<65 years), both positioning groups exhibited
similar median LOS values centered around 5 days. However, the supine position demonstrated broader distribution
variability with increased spread in the lower quartiles, while lateral positioning showed more concentrated distribution
around the median, suggesting greater consistency in discharge timing.

The elderly population (>65 years) revealed more pronounced differences between positioning approaches. The
supine group maintained a relatively narrow distribution concentrated around 4 days with minimal variance in the lower
quartiles. Conversely, the lateral positioning group demonstrated a bimodal distribution pattern with density peaks at both
5 and 6 days, indicating greater heterogeneity in recovery trajectories. The lateral group also exhibited more extensive
upper outliers, with some patients requiring stays exceeding 10 days.
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Figure 2 The effects of age-related LOS on surgical positions in THR patients. (A) Age <65 years old; (B) Age =65 years old.

Age-stratified analysis confirmed that the protective effect of supine positioning remained consistent across both age
groups, though the magnitude of difference appeared more pronounced in the elderly population. In patients >65 years,
52.3% of supine-positioned patients were discharged before day 5 compared to only 19.8% in the lateral group
(p<0.001). This difference was less pronounced but still significant in the younger cohort, with 41.2% vs 24.1% early
discharge rates, respectively (p=0.032).

Predictors of Blood Transfusion Risk

The multivariate logistic regression analysis showed distinct yet overlapping factors for intraoperative blood transfusion
risk (n=990) (Table 3). Notably, patient positioning (supine vs lateral) was not identified as an independent predictor of

Table 3 Univariate and Multivariate Logistic Regression Analysis Assessing Risk for Blood Transfusion (n = 990)

Variables (Unit) N (%) or Median (IQR) Univariate Multivariable

OR (95% CI) p-value | OR (95% CI) p Value
Female 536 (54.1%) | |
Male 454 (45.9%) 0.74 (0.55-1.00) | 0.047 0.95 (0.66—1.36) | 0.763
Age (y) 62.0 (50.0-70.0) 1.01 (1.00-1.03) | 0.015 1.00 (0.98-1.01) | 0.706
Body weight (kg) 64.0 (55.0-73.0) 0.98 (0.97-1.00) | 0.006 0.98 (0.96—1.00) | 0.008
ASA 1 &I 657 (66.4%) | |
ASA = 11l 333 (33.6%) 2.39 (1.78-3.22) | <0.001 2.37 (1.66-3.38) | <0.001
Lateral position 792 (80.0%) | |
Supine position 198 (20.0%) 1.36 (0.96-1.92) | 0.083 1.32 (0.91-1.93) | 0.144
Anesthesia duration (hr) 3.12 (2.78-3.58) 2.80 (2.16-3.64) | <0.001 3.16 (2.35—4.25) | <0.001
Sevoflurane choice 782 (79.0%) | |
Desflurane choice 208 (21.0%) 1.17 (0.83-1.66) | 0.370 1.53 (0.97-2.42) | 0.690
Anesthetic consumption (mL/kg/hr) | 0.21 (0.17-0.29) 0.21 (0.04-1.01) | 0.051 0.06 (0.01-0.54) | 0.012

(Continued)
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Table 3 (Continued).

Variables (Unit) N (%) or Median (IQR) Univariate Multivariable

OR (95% CI) p-value | OR (95% CI) p Value
IV fluid (mL/kg/hr) 4.78 (3.54-6.36) 1.17 (1.10-1.25) | <0.001 1.17 (1.08-1.26) | <0.001
Urine output (mL/kg/hr) 1.62 (0.98-2.41) 1.01 (0.88-1.15) | 0.929 1.02 (0.87-1.20) | 0.807
Hypertension (—) 851 (86.0%) | |
Hypertension (+) 139 (14.0%) 1.41 (1.06-1.89) | 0.020 1.03 (0.72-1.49) | 0.872
Diabetes mellitus (—) 565 (57.1%) | I
Diabetes mellitus (+) 425 (42.9%) 1.34 (0.90-2.00) | 0.145 I.51 (0.95-2.40) | 0.083
Transamine (—) 30 (3.0%) | |
Transamine (+) 960 (97.0%) 0.89 (0.39-2.03) | 0.784 1.66 (0.64-4.28) | 0.298

Note: The p-value is adjusted by controlling the false discovery rate.
Abbreviations: ASA, American Society of Anesthesiologists physical status classification; Cl, confidence interval; LOS, length of stay; OR, odds ratio;
IQR, interquartile range; IV, intravenous.

transfusion risk (OR: 1.32, 95% CI: 0.91-1.93, p=0.144). Patients with lower body weight increased the risk for blood
transfusion (OR: 0.98, 95% CI: 0.96—1.00, p=0.008), indicating that smaller patients may have less physiological reserve
or a lower blood volume, increasing their susceptibility to transfusion. Consistent with the LOS prediction, patients with
higher ASA physical status represented a strong predictor of transfusion (OR: 2.37, 95% CI: 1.66-3.38, p<0.001). This
reinforces the concept that patients are more susceptible to substantial blood loss in status of higher systemic disease
burden.

Anesthesia duration was a very strong predictor for intraoperative blood transfusion (OR: 3.16, 95% CI: 2.35-4.25,
p<0.001). Complex or lengthy procedures carry a higher inherent risk of hemorrhage to incur longer anesthesia duration.
Higher intraoperative IV fluid volume per kilogram per hour was also a strong predictor for transfusion risk (OR: 1.17,
95% CI: 1.08-1.26, p<0.001). This often reflects significant fluid shifts or ongoing blood loss. It could be served as
a real-time indicator of hemodynamic instability. Interestingly, higher anesthetic consumption was unexpected to
decrease the risk for transfusion (OR: 0.06, 95% CI: 0.01-0.54, p=0.012). This counter-intuitive finding warrants further
investigation, as it may reflect specific anesthetic techniques or patient characteristics that influence both anesthetic
requirements and blood loss (Table 3).

Discussion

The present study aimed to elucidate critical predictors of long LOS and the requirement for intraoperative blood
transfusion following primary THR. Supine positioning was identified as the most significant independent predictor of
shorter LOS, while it was not a significant predictor of transfusion risk in multivariate analyses in matched cohort of 990
patients. Both LOS and transfusion risk were closely related to several patient-specific and intraoperative factors. These
findings offer valuable insights and greatly support the refinement of preoperative risk assessment. They also optimize
perioperative management and enhancement of patient outcomes in THR.

Prior studies evaluating LOS after THR have employed a variety of methods. Randomized controlled trials compared
different surgical approaches (eg, direct anterior approach vs posterior/lateral) and reported shorter LOS with anterior
approaches, though these designs did not isolate positioning.'" Cohort studies with propensity matching (eg, Loh et al)'?
similarly found shorter LOS for direct anterior approach versus posterior approaches. Meta-analyses and reviews
focusing on positioning per se reported no consistent LOS differences once approach was controlled.” More recently,
Xiao et al® conducted a randomized trial comparing direct anterior approach in supine versus lateral, and they showed no
LOS difference. Based on these observations, we chose propensity score matching to minimize confounding and estimate
the independent impact of positioning on LOS. Our findings are consistent with studies reporting shorter LOS with direct
anterior approach (typically supine) versus posterior or lateral approaches.'""'> However, they also align with reviews and
trials showing no LOS difference once surgical approach is accounted for.”* This underscores the challenge of
disentangling positioning from approach. Compared with prior designs, our propensity score matching offers high
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clinical applicability by using large-scale real-world data to balance measurable confounders. While randomized
controlled trials provide highest internal validity, propensity score matching is more pragmatic in routine surgical
practice and supports the translation of evidence into perioperative management and discharge planning. Although
propensity score matching reduces measured confounding, unmeasured factors such as surgeon-specific preferences or
rehabilitation protocols may still influence LOS. Nonetheless, our approach complements RCT and meta-analytic
evidence by specifically addressing positioning as the exposure of interest in a large-scale real-world cohort.

The ASA physical status classification is one of the powerful predictors for long LOS. If patients with an ASA
physical status = III, they faced a substantially increased likelihood of extended hospitalization, with an adjusted OR of
1.74 (95% CI: 1.22-2.48, p=0.002). Our data agree with previous findings and reveal that higher ASA scores indicate
poorer systemic health. Higher-scored patients also incur worse postoperative outcomes and delayed recovery across
surgeries.'>'® These patients have limited tolerance for surgical stress and complications may result in a longer recovery
period.'” Most importantly, choice of supine position in THR was associated with the strongest protective effect against
long LOS (OR: 0.32, 95% CI: 0.23-0.46, p<0.001), representing a 68% reduction in the risk of long hospitalization.
Although propensity score matching accounted for multiple baseline characteristics, this finding demonstrates the
substantial clinical benefit of supine positioning. Supine position is often favored for specific surgical approaches like
direct anterior mansion and may be associated with inherently less invasive procedures or a patient cohort with fewer
complexities. It is plausible that the supine position may be associated with inherently selection bias in nature not fully
captured by the matched variables.'® This selection bias probably existed because surgeons might opt for supine
positioning in patients perceived to be at lower risk for complications. Further prospective studies are warranted to
clarify whether the supine position directly contributes to shorter hospital stays, or merely acts as a surrogate marker for
other unmeasured factors influencing postoperative recovery.’

Moreover, anesthesia duration was a strong predictor of long LOS, and it demonstrated that with each additional hour
of anesthesia time correlating with a 1.78-fold increased risk of long LOS (95% CI: 1.34-2.36, p<0.001). Previous
surgical studies have well documented this association that a prolonged operative duration exposes patients to extended
physiological stress that can hinder recovery and prolong hospitalization. These factors include risk of hypothermia,
amplify inflammatory responses, and a higher likelihood of surgical site infections or other complications."'® Similarly,
an increase in the odds for long LOS was observed in patients with higher IV infusion rate during THR (OR: 1.08, 95%
CI: 1.00-1.17, p=0.044). It is important to infuse judicious fluid treatment for maintaining hemodynamic stability, but
fluid overload or mismanagement can incur some adverse outcomes. These unwanted side effects include pulmonary
congestion, tissue edema, and organ impairment—that may hinder postoperative recovery and prolong
hospitalization.”**! Gender, age, body weight, anesthetic type and use, blood loss, urine output, comorbidities (HTN/
DM), and tranexamic acid were not independently associated with long LOS in our analysis. Our data also revealed that
supine positioning is associated with a modestly shorter postoperative hospital stay in older THR patients interpretated by
a violin plot (Figure 2). A substantially higher proportion of supine patients were discharged before postoperative day 5.
This suggested that supine positioning may facilitate earlier recovery and discharge in elderly patients, and potentially
enhanced perioperative efficiency and reduced hospital resource utilization. Age-stratified analysis revealed supine
positioning benefits are particularly pronounced in elderly patients (>65 years), demonstrating more predictable recovery
patterns around 4 days versus bimodal distribution in lateral positioning.

It is a critical concern to transfuse blood component intraoperation due to its association with increased morbidity,
mortality, and healthcare costs.”>** Several major independent predictors for this outcome were analyzed in our study.
Importantly, patient positioning (supine vs lateral) was not identified as an independent predictor of transfusion risk (OR:
1.32, 95% CI: 0.91-1.93, p=0.144), despite its substantial protective effect on LOS. Patients with lower body weight
exerted a notably increased risk of requiring transfusion (OR: 0.98, 95% CI: 0.96-1.00, p=0.008). This finding presumed
that individuals with smaller body mass may have a proportionally smaller circulating blood volume and thus more likely
to meet transfusion triggers. They were rendered more vulnerable to the effects of surgical blood loss.>* Consistent with
its role in predicting long LOS, an ASA physical status of III or higher was a substantial predictor for intraoperative
blood transfusion, and it showed an increase of the risk by 2.37-fold (95% CI: 1.66-3.38, p<0.001). This evidence
supports the finding that patients with substantial systemic disease burdens often have reduced physiological reserves,
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which limits their ability to compensate for blood loss and thereby increased their susceptibility to transfusion
requirements.”>*® Anesthesia duration also emerged as a very strong predictor for intraoperative blood transfusion and
showed increased the odds of transfusion per hour by a noTable 3.16-fold (95% CI: 2.35-4.25, p<0.001). This strong
correlation demonstrates the inherent risk of hemorrhage associated with more complex or lengthy surgical procedures
and emphasizes the importance of surgical efficiency and meticulous hemostasis.?”*® In addition, a higher rate of
intraoperative IV fluid transfusion was strongly associated with an increased transfusion risk (OR: 1.17, 95% CI:
1.08-1.26, p<0.001). This relationship can be multifaceted. The increased fluid administration might be a direct response
to ongoing blood loss and hemodynamic instability. It also could contribute to a dilutional coagulopathy to lower
hemoglobin concentration and thereby triggers transfusion.*

Notably, a counterintuitive finding that higher anesthetic consumption demonstrated an inverse association with
transfusion risk, and achieved statistical significance (OR: 0.06, 95% CI: 0.01-0.54, p=0.012). This unexpected inverse
association warrants further investigation for validation. More anesthetic consumption potentially achieved deeper levels
of anesthesia or the use of specific agents and thus may promote hemodynamic stability. It also suppresses sympathetic
activation, optimize coagulation parameters, and collectively contributing to reduced blood loss.>* However, multivariate
analysis of tranexamine use showed no significance on intraoperative blood transfusion risk. It raises contradiction to the
well-established efficacy of tranexamic acid in reducing blood loss and transfusion requirements in THR.>'* The
extensive use of tranexamic acid in our cohort (97.0%) may have attenuated its detectability as an independent predictor
in the multivariate model. As its broad application likely minimized inter-patient variability in bleeding risk and reduced
statistical power to isolate its effect.***> Future research is recommended to explore the role of tranexamic acid for
reducing transfusion rates in THR.*®-’

However, there are some limitations in our study. First, the retrospective nature of this study may limit causal
interpretation of the identified associations. Although propensity score matching was employed for analyzing observed
confounders, the potential bias to confounding variables may be not entirely excluded. Second, as a single-center study,
our data may not be easily generalizable to other institutions with different patient populations. And even surgical
practices or anesthetic protocols may be limited. Third, the details of different surgical techniques within each positioning
group, such as direct anterior, posterior, or lateral approach, were not available. These differences could substantially
influence blood loss and recovery trajectories. The independent effect of patient positioning remains uncertain because
surgical approach and position were tightly linked (supine: direct anterior; lateral: posterolateral). Thus, the observed
LOS benefit may be confounded by approach-specific factors (eg, tissue handling, imaging, mobilization). Future
multicenter, prospective studies separating approach and position effects are needed to confirm positioning’s true impact
on hospital stay. Additionally, while our age-stratified analysis provides valuable insights, future studies should consider
more granular age categorizations and longer-term functional outcomes to fully understand the positioning effects across
the patient lifespan. Future prospective studies by multi-centers would be beneficial to reduce these limitations and to
validate our findings on THR outcomes.

Conclusion

Supine positioning emerged as the most significant protective factor against long hospitalization following primary THR,
with a 68% reduction in the risk of extended hospital stays (OR: 0.32, p<0.001). Additional predictors of long LOS
included ASA physical status >III, longer anesthesia duration, and higher IV fluid administration. For blood transfusion
risk, significant predictors were ASA physical status >III, anesthesia duration, IV fluid volume, and lower body weight.
While supine positioning substantially improved LOS outcomes, patient positioning was not shown as an independent
predictor for transfusion risk. Our data highlights the importance of comprehensive preoperative risk assessment to
optimize patient recovery, and to enhance resource utilization in THR procedures.

Abbreviations
ASA, American Society of Anesthesiologists; BMI, body mass index; CI, confidence interval; DM, diabetes mellitus;
HTN, hypertension; IQR, interquartile range; IV, intravenous; LOS, length of stay; OR, odds ratio; PACU, post-
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anesthesia care unit; SD, standard deviation; SPSS, statistical package for the social sciences; THR, total hip

replacement.
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