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Purpose: To investigate the prevalence and preoperative and intraoperative risk factors associated with postoperative urinary retention
(POUR) in patients undergoing elective spinal surgery.

Methods: A cross-sectional, descriptive-analytical study was conducted at a tertiary hospital in China between October and
November 2025. A total of 177 adult patients undergoing elective cervical, lumbar, or scoliosis surgery with planned postoperative
catheter removal were included. Data collected included demographic and clinical characteristics. Univariate and multiple logistic
regression analyses were performed to examine associations between preoperative factors and POUR.

Results: POUR occurred in 14.7% of patients. Multiple analysis identified three independent risk factors for POUR: intraoperative
infusion volume exceeding 2000 mL (OR = 6.714, 95% CI: 1.980-22.764, P = 0.002), lower preoperative Barthel Index scores (OR =
0.379, 95% CI: 0.243-0.590, P < 0.001), and lower preoperative serum albumin levels (OR = 0.086, 95% CI: 0.008-0.881, P = 0.039).
Conclusion: Higher intraoperative fluid administration, lower functional status, and preoperative hypoalbuminemia are significant
risk factors for POUR following spinal surgery. These findings provide a basis for future research aimed at developing predictive tools
and targeted perioperative strategies to identify and manage patients at risk for POUR.

Keywords: postoperative urinary retention, spinal surgery, intraoperative fluid management, hypoalbuminemia, barthel index, risk
factors

Introduction

Postoperative urinary retention (POUR) is a common complication following spinal surgery, defined according to
previous literature as reinsertion of a Foley catheter based on retention urine volume > 400 mL, or requiring straight
catheterization for urine volumes > 400 mL." A meta-analysis involving over 30,000 patients reported a pooled POUR
incidence of 15.1% following elective spine surgery.’ This condition extends beyond transient discomfort, causing
significant patient distress and frequently necessitating bladder catheterization.* Unplanned catheterization, particularly
in the elderly, increases the risk of complications including delirium, urethral trauma, and infection,” along with other
serious potential sequelae such as sepsis, bladder overdistension, acute kidney injury, surgical site infections, and venous
thromboembolism.®” POUR drives a cascade of adverse outcomes including prolonged hospital stays, increased patient

morbidity, and substantial healthcare expenditures, imposing an estimated annual financial burden of $400—450 million in
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the United States alone.*®? Consequently, POUR significantly diminishes the quality of postoperative recovery and
impairs patient satisfaction.'”

In recent years, research on POUR after spinal surgery has advanced considerably. With regard to study populations,
although evidence spans all age groups and surgical types, research has predominantly focused on patients undergoing
lumbar procedures, particularly older adults."''* Older patients with multiple comorbidities, such as hypertension,
osteoporosis, benign prostatic hyperplasia, and diabetes, have a POUR prevalence more than twice that of younger
individuals.'""'*'* Numerous risk factors for POUR have been reported, including demographic characteristics, comorbid
conditions, and perioperative management variables. A large-scale meta-analysis has confirmed male sex, advanced age,
benign prostatic hyperplasia (BPH), and diabetes as major risk factors for POUR, while also quantifying the impact of
modifiable variables such as intraoperative fluid administration over 1700 mL and operative duration over 180 minutes.''
Tian et al'®> developed a predictive nomogram incorporating variables including age and smoking history, enabling
individualized risk stratification for POUR. Furthermore, Jasinski et al,'> through a prospective quality improvement
project, demonstrated that a bundled intervention, including standardized intraoperative catheterization, postoperative
prophylactic medication, and early ambulation, significantly reduced the incidence of POUR. Methodologically, the field
has relied on large-scale retrospective cohorts to identify variable associations, meta-analyses to synthesize multicenter
evidence, and prospective studies to validate key findings.*'""'? Despite these advances, existing evidence has largely
examined these factors in isolation, and a comprehensive evaluation of both baseline physiological status and intrao-
perative management variables within the same analytic framework remains limited.

While prior research has identified numerous risk factors for POUR, further clarification of perioperative patient
characteristics may be important for guiding individualized management and improving postoperative outcomes.
Optimizing preoperative patient status is increasingly recognized as a key strategy in spinal surgery, and the concept
of “prehabilitation” provides an evidence-informed framework to enhance physiological and functional reserves before
surgery, potentially improving tolerance to surgical stress and supporting recovery.'®'” In addition to patient-related
characteristics, intraoperative management also represents a critical component of the perioperative risk profile for
POUR. Surgical duration, anesthetic exposure, and intraoperative fluid administration may influence bladder function
through mechanisms such as autonomic imbalance, detrusor overdistension, and postoperative inflammatory responses.'®
Within this context, systematic assessment and optimization of modifiable factors across the perioperative period,
together with efforts to minimize surgical stress, may play a role in reducing perioperative complications and informing
individualized care.'” By considering patients’ overall perioperative condition, clinicians may better identify individuals
at higher risk of POUR and implement targeted interventions to support surgical efficacy and recovery.

Building on the recognition that both baseline patient characteristics and perioperative management may influence
postoperative outcomes, this study aims to investigate the prevalence of POUR and to examine preoperative and
intraoperative factors associated with its occurrence following elective spinal surgery. By identifying potentially modifi-
able physiological, functional, and intraoperative variables, the findings may contribute to improved risk stratification and
inform individualized perioperative management strategies for patients undergoing spinal procedures.

Materials and Methods

This study employed a cross-sectional, descriptive-analytical design conducted between October and November 2025.
A convenience sampling approach was adopted, and data were collected through face-to-face interviews using a paper-
based questionnaire administered by experienced nurses. The study was carried out in the spinal surgery department of
a tertiary hospital in China, with the participation of 15 nurses and 6 physicians.

All patients who underwent spinal surgery during this period were screened for eligibility. Inclusion criteria were as
follows: (1) age > 18 years; (2) elective cervical, lumbar, or scoliosis surgery; (3) postoperative indwelling urinary
catheter placement with planned removal during hospitalization; and (4) ability to comprehend the study objectives,
provide informed consent, and independently complete the questionnaire. Exclusion criteria were as follows: (1)
preexisting urinary tract or bladder diseases (eg, benign prostatic hyperplasia, bladder dysfunction, or other urological
disorders); (2) severe paraplegia or quadriplegia requiring long-term catheterization; and (3) severe psychiatric or
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cognitive impairment that could interfere with study participation. The primary outcome was postoperative urinary
retention (POUR), defined as the need for at least one intermittent catheterization due to inability to void adequately.20

The required sample size was calculated using G*Power version 3.1.9.6 (Heinrich Heine University, Diisseldorf,
Germany). Previous studies have reported that the incidence of postoperative urinary retention (POUR) following
elective posterior lumbar spine surgery is approximately 16.5%.%' The analysis was based on the “Logistic regression:
fixed model, single regression coefficient” option within the z tests family. An a priori power analysis for logistic
regression was performed with the following assumptions: a two-sided significance level (o) of 0.05, statistical power (1
—B) of 0.85, an expected outcome proportion of 0.165, and an anticipated odds ratio of 2.0 for the primary predictor.
Under these conditions, the minimum required sample size was calculated to be 143. To account for potential non-
response or missing data, the sample size was increased by 10%, yielding a final target of 172 participants.

Instruments

Basic characteristics included patients’ demographic and clinical data. Demographic data comprised age, gender,
education level, body mass index (BMI), disease location, history of underlying diseases (diabetes, hypertension,
coronary heart disease), smoking history, and drinking history. Clinical data included the preoperative activities of
daily living (ADL) score, white blood cell (WBC) count, hemoglobin (Hb) level, albumin (ALB) level, urinary white
blood cell count, intraoperative infusion volume, operative duration, intraoperative blood loss and use of a patient-
controlled analgesia (PCA) pump.

The Barthel Index (BI) was used to evaluate patients’” ADL and functional independence. It is one of the most widely
used instruments in clinical practice.”> The BI comprises 10 items: feeding, bathing, grooming, dressing, bowel control,
bladder control, toilet use, transfers (bed to chair and back), mobility on level surfaces, and stairs.>> Each item is rated on
a four-level scale, yielding a total score ranging from 0 to 100 in increments of 5, where higher scores indicate greater
independence in daily activities. According to the original scoring criteria, functional impairment is classified into five
categories: total dependence (BI score 0-20), severe (BI score 21-60), moderate (BI score 61-90), mild (BI score
91-99), and total independence (BI score 100). Trained nurses assessed the BI scores upon patients’ hospital admission.

Data Collection

Demographic data and data related to POUR were collected through face-to-face interviews using a structured ques-
tionnaire administered by trained nurses and entered into the electronic medical records (EMR) in accordance with
institutional protocols. Operative data were extracted from the electronic medical record by trained study personnel
following a standardized protocol developed by the research team to ensure accuracy and completeness. Two researchers
independently performed data extraction, and any discrepancies were resolved through discussion and verification against
the original records. The finalized dataset was reviewed by a senior investigator prior to analysis.

Statistical Analysis

Statistical analyses of the data were performed using SPSS version 29.0. The normal distribution of continuous variables
was examined with the Kolmogorov—Smirnov test. Continuous quantitative variables that exhibited a normal distribution
were expressed as the mean + standard deviation, with intergroup differences evaluated through one-way analysis of
variance (ANOVA). For categorical variables, intergroup comparisons were conducted using chi-square test. Multiple
logistic regression models were employed to examine the influence of various indicators on POUR. Variables with P <
0.05 in univariate analysis were entered into the multiple logistic regression model. A significance threshold of a = 0.05
was established for all statistical tests.

Results

A total of 177 patients met the inclusion criteria and completed the survey. The demographic characteristics of the study
sample are presented in Table 1. The prevalence of POUR was 14.7% (95% CI: 10.2-19.8%). Univariate analysis showed
that the Barthel Index, preoperative serum albumin level, and intraoperative infusion volume were significantly
associated with POUR (P<0.05) in Table 1. These variables were subsequently entered into the multiple logistic
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Table | Demographic Characteristics of Participants

Variables Total (N=177) | No POUR (N=151) | POUR (N=26) e P
N % N % N %
Gender 1.251 0.263
Male 91 51.4 75 49.7 16 61.5
Female 86 48.6 76 50.3 10 385
Disease location 3.865 0.276
Cervical vertebrae 60 339 55 36.4 5 19.2
Thoracic vertebrae 9 5.1 8 5.3 | 38
Lumbar vertebrae 74 41.8 59 39.1 15 57.7
Scoliosis 34 19.2 29 19.2 5 19.2
Education 1.970 0.741
llliteracy 6 34 5 33 | 38
Primary 27 15.3 23 15.2 4 15.4
Junior secondary 72 40.7 63 41.7 9 34.6
Senior secondary 50 28.2 40 26.5 10 385
Post-secondary and above 22 12.4 20 13.2 2 77
Smoking 0.668 0414
Yes 37 20.9 30 19.9 7 26.9
No 140 79.1 121 80.1 19 73.1
Drinking 0.022 0.881
Yes 22 12.4 19 12.6 3 1.5
No 155 87.6 132 874 23 88.5
Hypertension 0.019 0.890
Yes 39 22.0 33 21.9 6 23.1
No 138 78.0 118 78.1 20 76.9
Diabetes 0.001 0.975
Yes 7 4.0 6 4.0 | 38
No 170 96.0 145 96.0 25 96.2
Coronary heart disease 1.983 0.159
Yes 10 5.6 7 4.6 3 1.5
No 167 94.4 144 95.4 23 88.5
Barthel Index 42.701 <0.001
Total dependence 8 4.5 2 1.3 6 23.1
Severe dependence I 6.2 8 5.3 3 1.5
Moderate dependence 13 73 8 5.3 5 19.2
Mild dependence 22 12.4 16 10.6 6 23.1
Total Independence 123 69.5 117 775 6 23.1
WBC (*107/L) 1.104 0.576
<4 16 9.0 13 8.6 3 1.5
4~10 148 83.6 128 84.8 20 769
>10 13 73 10 6.6 3 1.5
Hb (g/dL) 3.934 0.269
>110 164 92.7 140 92.7 24 923
90~110 7 4.0 7 4.6 0 0
60~90 5 28 3 20 2 77
<60 | 0.6 | 0.7 0 0
ALB (g/L) 29.339 | <0.001
<35 7 4.0 | 0.7 6 23.1
>35 170 96.0 150 99.3 20 76.9
(Continued)
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Table | (Continued).

Variables Total (N=177) | No POUR (N=151) | POUR (N=26) XZ P
N % N % N %

Urinary WBC 1.430 0.699
None 136 76.8 114 755 22 84.6
+ 26 14.7 24 159 2 77
++ 14 79 12 79 77
+++ | 0.6 | 0.7 0 0

Intraoperative infusion volume (mL) 5.426 0.020
<2000 Il 62.7 100 66.2 I 42.3
>2000 66 373 51 338 15 57.7

Operative duration (h) 0.138 0.933
<3 24 13.6 21 139 3 1.5
3~5 104 58.8 88 58.3 16 61.5
>5 49 27.7 42 278 7 26.9

Intraoperative blood loss (mL) 3.127 0.209
0 146 825 125 828 21 80.8
<500 21 1.9 16 10.6 19.2
>500 10 5.6 10 6.6 0

PCA 0.178 0.673
Yes 102 57.6 88 58.3 14 53.8
No 75 42.4 63 41.7 12 46.2

Mean | SD Mean SD Mean | SD TiZ P

Age (years) 45.64 19.14 | 44.74 19.11 50.88 18.80 | —1.693* | 0.090
BMI (kg/m?) 2261 3.76 22.59 3.80 2276 3.63 -0.215 | 0.830

Notes: *mann-Whitney U-test; Bold values: P<0.05.
Abbreviation: SD, standard deviation.

regression model. In the multiple analysis, patients who received more than 2000 mL of intraoperative infusion had an

independently increased risk of developing POUR compared with those who received 2000 mL or less (OR = 6.714, 95%
CI: 1.980-22.764, P = 0.002). Furthermore, lower Barthel Index scores (OR = 0.379, 95% CI: 0.243-0.590, P < 0.001)
and lower preoperative serum albumin levels (OR = 0.086, 95% CI: 0.008-0.881, P = 0.039) were also independently

associated with a higher risk of POUR (Table 2).

Discussions

In this study of 177 patients, the prevalence of POUR was 14.7%, which aligns closely with the 15.1% rate reported in

a prior meta-analysis of elective spine surgery patients.> More importantly, we identified preoperative hypoalbuminemia,

a lower Barthel Index reflecting impaired activities of daily living and functional independence, and a higher

Table 2 Independent Correlates of POUR According to Multiple

Logistic Regression Analysis

Variables Multiple Logistic Regression Analysis
OR 95% ClI P value
Intraoperative infusion volume 6.714 1.980~22.764 0.002
Barthel Index 0.379 0.243~0.590 <0.001
ALB 0.086 0.008~0.881 0.039

Abbreviations: Cl, confidence interval;

OR, odds ratio.
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intraoperative infusion volume as independent risk factors for POUR in patients following spinal surgery. These findings
effectively broaden the conventional risk assessment framework for POUR beyond demographic factors by incorporating
indicators of systemic nutritional status, baseline physiological reserve, and intraoperative management, thereby offering
a more holistic perspective for early identification of high-risk patients.

Findings from this study and previous reports indicate that intraoperative fluid management plays a key role in the
development of POUR (OR=6.714). Patients who received more than 2000 mL of intraoperative fluids were at
significantly higher risk of developing POUR following lumbar spine surgery. This finding is consistent with prior
work.>* Aiyer et al*' identified intraoperative fluid administration as a significant risk factor for POUR (p<0.05). In
addition, perioperative fluid volumes exceeding 1000 mL have been reported to be associated with higher rates of urinary
retention.'" These mechanisms may include bladder overdistension, which can temporarily impair detrusor contractility,
as well as tissue and pelvic edema that may hinder early postoperative mobility and reduce effective bladder emptying.
These findings highlight the importance of careful, individualized fluid management during spinal surgery to minimize
the risk of POUR. A goal-directed approach can help maintain hemodynamic stability while avoiding excessive fluid
administration. Several studies suggest that goal-directed fluid therapy (GDFT) provides an effective framework for
optimizing intravascular volume in patients undergoing major surgery.”> GDFT involves adjusting perioperative fluid
administration to prevent fluid overload, organ hypoperfusion, hypoxia, and hypovolemia.?® Implementing GDFT during
spinal procedures may therefore reduce complications such as POUR while supporting overall perioperative safety and
recovery.

In addition, this study provides direct evidence that preoperative hypoalbuminemia is an independent risk factor for
POUR, refining the established understanding of how nutritional status influences outcomes following spinal surgery.””**
These results are consistent with the large-scale registry analysis by Chaker et al,>® who reported a broad association
between hypoalbuminemia and various postoperative complications. However, this study analysis specifically establishes
this relationship for POUR. Furthermore, while Zhao et al'? established the predictive utility of the Geriatric Nutritional
Risk Index (GNRI)-a composite score incorporating albumin-our findings extend beyond such integrative measures by
demonstrating a clear, independent relationship between preoperative serum albumin levels and POUR risk. These
findings suggest that preoperative serum albumin may serve as a practical and clinically accessible biomarker for
assessing POUR risk, which may enhance its applicability across diverse clinical settings. The pathophysiological
pathways linking hypoalbuminemia to POUR are likely multifactorial. As a marker of malnutrition and systemic
inflammation, hypoalbuminemia may not only impair tissue repair and immune function but could also compromise
the integrity of the autonomic nervous system, leading to diminished detrusor contractility and impaired bladder
sensation.'>*® In parallel, this study found that impaired baseline functional status, as indicated by a low Barthel
Index, is a significant risk factor for POUR. The consistency of this association across diverse surgical populations
suggests that preoperative functional dependence may serve as a universal determinant of postoperative voiding
dysfunction.”’ The underlying mechanism likely involves the frailty and sarcopenia often associated with functional
dependence, which directly impede early postoperative mobilization and the ability to assume physiologically optimal
voiding positions, thereby mechanically compromising bladder emptying.**** Collectively, hypoalbuminemia and low BI
emerge as complementary biomarkers of physiological reserve, whose deficiency predisposes patients to POUR.

Therefore, an integrated and multimodal pre-habilitation strategy targeting these risk factors is warranted. For
nutritional optimization, this research’s findings strongly support adherence to established guidelines such as those
from the European Society for Clinical Nutrition and Metabolism (ESPEN),** which should be implemented through
structured nutritional assessment and individualized supplementation for hypoalbuminemia patients, with consideration
given to delaying non-urgent surgery for 7-14 days when clinically indicated. Concurrently, the functional domain must
be addressed with equal rigor. Sun et al*> provides critical evidence for this, demonstrating that a higher Barthel Index
(BI) at discharge was directly associated with superior self-care ability and functional independence after lumbar fusion.
This underscores the BI as a modifiable therapeutic target, thereby supporting the implementation of targeted rehabilita-
tion programs designed to actively improve functional capacity in patients with identified deficits. This comprehensive
preoperative optimization reflects the systematic approach advocated by Smith et al*® in their Enhanced Recovery After
Surgery (ERAS) protocol for elective spine surgery. In addition, these efforts should be complemented by standardized
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postoperative care pathways incorporating early ambulation, prompted voiding, and prophylactic bladder ultrasound
monitoring to directly mitigate POUR risk.*”*® Through this integrated model, proactively optimizing patients’ nutri-
tional and functional reserves establishes a solid foundation for improving overall recovery outcomes. In addition, future
research could focus on developing a simple risk-scoring tool based on the identified risk factors and testing its predictive
performance in an independent patient cohort. Such prospective validation would help determine whether these factors
can reliably identify patients at high risk for POUR and guide perioperative management strategies.

Limitations

This study has several limitations. First, although the overall sample size met the predefined requirement, the number of
patients who developed POUR was relatively small. The limited number of outcome events may have constrained the
stability of the multiple regression model and increased the potential risk of overfitting. While the number of variables
included in the multiple model was carefully restricted, the findings should be interpreted with caution and require
validation in larger, independent cohorts. Second, the single-center design may limit the generalizability of the results and
potentially introduce selection bias. Third, some clinical variables were collected through face-to-face interviews using
a standardized questionnaire administered by trained nurses, while operative data were extracted from the electronic
medical record. Although standardized procedures were applied to enhance data accuracy, the possibility of minor
residual information bias cannot be entirely excluded. Future prospective, multicenter studies are warranted to system-
atically assess these potential sources of bias and to strengthen the validity and generalizability of the findings.

Conclusion

In this study of 177 patients undergoing spinal surgery, postoperative urinary retention (POUR) occurred in 14.7% of
cases. Higher intraoperative fluid administration, preoperative hypoalbuminemia, and lower functional status, as mea-
sured by the Barthel Index, were identified as independent risk factors for POUR. These findings expand the conventional
risk assessment framework by incorporating indicators of intraoperative management, nutritional status, and baseline
physiological reserve, providing a more comprehensive approach to identifying patients at high risk. Careful periopera-
tive management targeting these factors, including individualized goal-directed fluid therapy, nutritional optimization,
and functional prehabilitation, may help reduce the incidence of POUR and improve postoperative recovery. Future
studies should validate these risk factors in larger, multicenter cohorts and develop simple, evidence-based risk-scoring
tools to guide clinical decision-making and optimize perioperative care.
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