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Objective: To identify factors associated with moderate-to-severe acute postsurgical pain (APSP) during postoperative days 1-7
(POD1-7) after open lumbar fusion and to develop a nomogram-based prediction model for early risk stratification.

Methods: A total of 275 patients who underwent elective open lumbar fusion surgery at a tertiary hospital in Suzhou, China, from
February to September 2023 were enrolled. Demographic, clinical, and psychological data were collected preoperatively. Postoperative
pain intensity was assessed daily from POD1 to POD7 using the Numeric Rating Scale (NRS). Moderate-to-severe APSP was defined
as any NRS score > 4 during POD1-7, a clinically meaningful threshold for analgesic intervention. Binary logistic regression was
performed to identify independent predictors and construct a nomogram. Model performance was evaluated using the area under the
receiver operating characteristic (ROC) curve (AUC) and the Hosmer-Lemeshow goodness-of-fit test.

Results: Of 275 patients, 185 (67.3%) developed moderate-to-severe APSP. Five independent predictors were identified: age < 50
years (OR = 3.640, P = 0.026), educational level < high school (OR = 3.278, P = 0.026), no history of pain unrelated to the primary
disease (OR = 2.679, P = 0.040), Pain Catastrophizing Scale score > 12 (OR = 2.054, P = 0.014), and no planned postoperative patient-
controlled intravenous analgesia (PCIA) use (OR = 1.751, P = 0.044). The model showed acceptable discrimination (AUC = 0.705),
with sensitivity of 64.3% and specificity of 73.3% at the optimal cutoff (0.684). The Hosmer-Lemeshow test was non-significant (P =
0.194), indicating good calibration.

Conclusion: Moderate-to-severe APSP was common after open lumbar fusion. The nomogram, based on five readily available
predictors, may support early beside risk stratification and individualized analgesic and nursing management. External validation is
needed before broader clinical application.
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Introduction

The incidence of lumbar degenerative diseases is increasing annually, with a notable trend toward affecting younger
populations.’* Lumbar fusion surgery, a primary treatment, offers significant benefits such as stabilizing the spine,
relieving nerve compression, alleviating pain, and improving quality of life, leading to its widespread application in
recent years. According to the latest industry data, approximately 1.215 million spinal surgeries were performed in China
in 2023, with lumbar procedures being the most common, indicating a growing clinical and economic burden associated
with spinal disorders.® Despite the established efficacy of lumbar fusion, postoperative pain management remains a major
challenge due to the complexity of the procedure, long operative times, large incisions, and substantial soft tissue and

bone disruption.”
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Acute postsurgical pain (APSP) is pain that occurs immediately after surgery and can persist for up to 7 days.’ The
first postoperative week is a key clinical window for functional recovery and analgesic escalation or adjustment
decisions; therefore, pain assessment during postoperative days 1-7 (POD1-POD?7) is highly relevant to perioperative
management. Moderate-to-severe pain is commonly assessed using the Numeric Rating Scale (NRS), and an NRS score
of > 4 is a commonly accepted threshold for clinically relevant pain requiring intervention. Postoperative pain after
lumbar fusion is common and often substantial. A large-scale cross-sectional study in China, involving 26,193 surgical
patients from 122 hospitals, reported that nearly half of the respondents experienced moderate-to-severe pain (assessed
by the NRS) on the first postoperative day.® The severity of postoperative pain varies significantly across different
surgical specialties and procedures, with the incidence of moderate-to-severe APSP (NRS 4-10) reaching as high as 73%
for some surgeries.® In a retrospective analysis of 50,525 surgical patients, Gerbershagen et al found that open lumbar
fusion ranked among the three most painful procedures on postoperative day 1, with particularly severe pain after fusion
of more than three lumbar segments (mean NRS 6.55).” Inadequately managed moderate-to-severe APSP may contribute
to complications such as respiratory infections, psychological distress, deep vein thrombosis, and chronic pain, while also
increasing healthcare costs and societal burden.’

Importantly, patients undergoing open lumbar fusion show substantial inter-individual variability in postoperative
pain.® As a result, a one-size-fits-all analgesic strategy may not achieve optimal outcomes in all patients, and more
precise perioperative risk assessment is needed to support individualized analgesic management. Traditional pain risk
models often rely on single-timepoint pain metrics and may not adequately capture this heterogeneity. In addition,
although postoperative pain after spine surgery has been widely studied, evidence on procedure-specific prediction of
APSP after open lumbar fusion remains limited. Many existing studies have focused on chronic postsurgical pain rather
than clinically significant APSP during the first postoperative week, included mixed surgical populations, or failed to
incorporate psychological factors that are closely related to pain outcomes (eg., pain catastrophizing). Furthermore, few
studies have translated multivariable risk estimates into practical bedside tools for early perioperative risk stratification.

Postoperative pain is multifactorial and may be influenced by surgical factors, pain-related cognitions, sleep-related
problems, and perioperative analgesic planning. Nomograms, based on multivariable regression analysis, provide
a practical approach for integrating multiple predictors and generating individualized risk estimates.” In this context,
a nomogram may help identify high-risk patients early and support bedside risk stratification and targeted perioperative
interventions, including optimized analgesic planning and enhanced postoperative nursing surveillance.

Therefore, this study aimed to identify risk factors for moderate-to-severe APSP during POD1-POD?7 after open
lumbar fusion and to develop a nomogram-based risk stratification model to support individualized perioperative pain
management.

Participants and Methods
Study Population

A convenience sampling method was employed to recruit patients scheduled for elective open lumbar fusion surgery at
a tertiary hospital in Suzhou between February and September 2023. Inclusion criteria were: (D age > 18 years; @
expected postoperative hospital stay > 4 days; and 3 American Society of Anesthesiologists (ASA) physical status

classification 1 or 11.'°

Exclusion criteria were: (D emergency surgery; (2) severe preoperative cardiac, hepatic, or renal
disease; (® inability to communicate verbally due to conditions such as aphasia, hearing impairment, or psychiatric
disorders; and (® postoperative transfer to the intensive care unit (ICU). The study was approved by the Institutional
Ethics Committee of the First Affiliated Hospital of Soochow University (Institutional Review Board Approval
No. 2022505). Clinical trial number: not applicable. The sample size was initially calculated using the formula N =
Zo/2* x P(1-P)/&%, with P set at 20% based on the reported incidence of moderate-to-severe APSP in a previous study.’
With a = 0.05 (Za/2 = 1.96) and an allowable error 6 = 0.05, the required sample size was 245. To support prediction-
model development and account for uncertainty in the anticipated event rate, the final sample size was increased to 275.
The adequacy of the events-per-variable ratio was then evaluated based on the final number of events and predictors

retained in the model.
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Methods

Data Collection Instruments

General Data Questionnaire: Based on a review of existing literature,'"'?

a questionnaire was designed to collect
demographic and disease-related data, including age, sex, body mass index (BMI), smoking history, ASA classification,
educational level, number of fusion segments, history of pain unrelated to the primary disease (eg., rheumatoid arthritis,
osteoarthritis, migraine, gout), operative time, intraoperative blood loss, intraoperative opioid consumption, planned use
of patient-controlled intravenous analgesia (PCIA), pain catastrophizing score, and sleep quality. To standardize opioid
consumption, all intraoperative intravenous opioids were converted to oral milligram morphine equivalents (OMME)."?
Perioperative analgesic management followed routine clinical practice at our institution. The planned use and config-
uration of postoperative PCIA were determined by the attending anesthesiologist according to patient condition, clinical
judgment, and patient preference, rather than a fully standardized protocol.

Numeric Rating Scale (NRS): The NRS is a widely used tool for pain assessment.'® It scores pain from 0 (no pain) to
10 (worst imaginable pain). Scores of 1-3 represent mild pain, 4-6 moderate pain, and 7—10 severe pain.'* Pain intensity
was assessed daily from postoperative day 1 to postoperative day 7 (POD1-POD?7). For each postoperative day, the pain
score entered into the analysis was the highest NRS score reported by the patient during the preceding 24 hours,
regardless of whether it occurred at rest or during movement. Patients with any NRS score of > 4 during POD1-POD7
were assigned to the moderate-to-severe APSP group, while those with all NRS scores < 4 were assigned to the non-
moderate-to-severe APSP group.

Pittsburgh Sleep Quality Index (PSQI): Developed by Buysse et al in 1989, the PSQI assesses subjective sleep
quality.'> It consists of 18 self-rated items grouped into 7 components, each scored from 0 to 3. The total score ranges
from 0 to 21, with higher scores indicating poorer sleep quality. A score > 7 was used to define the presence of a sleep
disorder.'® The Chinese version of the PSQI has demonstrated good reliability and validity, with a Cronbach’s o of 0.852
and a test-retest reliability of 0.904."¢ In this study, the Cronbach’s a was 0.806.

Pain Catastrophizing Scale (PCS): Developed by Sullivan et al,'” the PCS measures the tendency of individuals with
chronic pain to view pain as a catastrophe and adopt passive coping strategies. This study used the Chinese version

1'® in 2008. The scale includes 13 items across three dimensions: rumination, magnification, and

validated by Yap et a
helplessness. Each item is rated on a 5-point Likert scale from 0 (not at all) to 4 (all the time), with a total score ranging
from 0 to 52. Higher scores indicate greater pain catastrophizing. The scale has shown good psychometric properties,
with an overall Cronbach’s o of 0.927.'® In the current study, the overall Cronbach’s o was 0.903. As there is no
universally accepted cutoff for the PCS, and scores in our sample were generally lower than those reported in Western
spinal surgery populations, we adopted a cutoff of > 12. This lower threshold was chosen to better reflect the
psychological risk profile of our study population and facilitate the early identification of potentially high-risk

individuals.

Data Collection Procedure

After obtaining informed consent, a researcher collected the data. Demographic information, PCS scores, and PSQI
scores were collected via face-to-face interviews one day before surgery. Disease- and treatment-related data were
retrieved from the hospital information system. Postoperatively, the researcher assessed pain daily using the NRS for 7
days via face-to-face interviews around 10:00 am. Patients discharged within 7 days were followed up by telephone.

Statistical Analysis

Data were double-entered into Epidata 3.0 and verified for accuracy. There were no missing data for the outcome or
predictor variables included in the final analysis; therefore, no imputation was performed. Statistical analysis was
performed using SPSS 26.0. The Shapiro—Wilk test and Q-Q plots were used to assess the normality of continuous
variables. Normally distributed data were described as mean = standard deviation (SD), while non-normally distributed
data were described as median and interquartile range (IQR; P25, P75). Categorical data were presented as frequencies
and percentages (%) and compared between groups using the chi-square test or Fisher’s exact test. Variables from the
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univariate analysis with a P-value < 0.2 were included in a binary logistic regression analysis to identify independent
predictors.'® A nomogram model was constructed using the rms package in R 4.3.1. The model’s discrimination was
evaluated using the area under the receiver operating characteristic (ROC) curve (AUC), while its calibration was
assessed with the Hosmer-Lemeshow goodness-of-fit test. The model’s sensitivity and specificity were also
calculated.’*?" A two-sided P-value < 0.05 was considered statistically significant.

Results

Baseline Characteristics of Participants

Of the 314 patients initially recruited, 19 had their surgery canceled, 18 had a change in surgical procedure, and 2 were
transferred to the ICU postoperatively. A final sample of 275 patients was included in the analysis. Within 7 days post-
surgery, 185 patients (67.3%) developed moderate-to-severe APSP. The baseline and clinical characteristics are detailed
in Table 1.

Univariate Analysis of Moderate-to-Severe APSP

Patients were divided into a moderate-to-severe APSP group (n = 185) and a non-moderate-to-severe APSP group (n =
90). A comparison of demographic, clinical, and psychological variables revealed that preoperative PCS score (P =
0.006) and planned use of PCIA (P = 0.010) were significantly different between the two groups (P < 0.05), as shown in
Table 2.

Table | Baseline and Clinical Characteristics of the Subjects (n = 275)

Variables n (%) Variables n (%)
Age PCS

< 50 years 28 (10.2) <12 198 (72.0)

> 50 years 247 (89.8) > |2 77 (28.0)
BMI Sleep disorders

< 28 kg/m? 232 (84.4) No 163 (59.3)

> 28 kg/m? 43 (15.6) Yes 112 (40.7)
Sex Duration of surgery

Male 125 (45.5) < 240 min 191 (69.5)

Female 150 (54.5) = 240 min 84 (30.5)
Smoking Number of vertebral segments

No 223 (81.1) < 139 (50.5)

Yes 52 (18.9) > | 136 (49.5)
Educational level Intraoperative OMME

< High school 253 (92.0) < 150 mg 93 (33.8)

> High school 22 (8.0) > 50 mg 182 (66.2)
Levels of physical activity Intraoperative blood loss

Low 181 (65.8) < 400 mL 188 (68.4)

Moderate/High 94 (34.2) > 400 mL 87 (31.6)
ASA Intraoperative blood transfusion

[ 112 (40.7) No 134 (48.7)

Il 163 (59.3) Yes 141 (51.3)
Duration of disease PCIA

< 15 years 253 (92.0) No 176 (64.0)

2 |5 years 22 (8.0) Yes 99 (36.0)
History of pain unrelated to the primary disease History of lumbar surgery

No 253 (92.0) No 248 (90.2)

Yes 22 (8.0) Yes 27 (9.8)

Notes: Data are given as numbers (percentages).
Abbreviations: BMI, body mass index; OMME, oral morphine milligram equivalents; ASA, American Society of Anesthesiologists; PCS,
Pain Catastrophizing Scale; PCIA, patient-controlled intravenous analgesia.
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Table 2 Univariate Analysis of Moderate-to-Severe Acute Postsurgical Pain in Patients Undergoing Open Lumbar Fusion

2

Variables Non-Moderate-to-Severe Moderate-to-Severe X P
APSP Group (n = 90) APSP Group (n = 185)

Age 3.131 | 0.077
< 50 years 5(5.6) 23 (12.4)
> 50 years 85 (94.4) 162 (87.6)

Sex .15 | 0.291
Male 45 (50.0) 80 (43.2)
Female 45 (50.0) 105 (56.8)

BMI 0.538 | 0.463
< 28 kg/m? 78 (86.7) 154 (83.2)
2 28 kg/m? 12 (13.3) 31 (16.8)

Smoking 0423 | 0515
No 71 (78.9) 152 (82.2)
Yes 19 (21.1) 33 (17.8)

Educational level 3.240 | 0.072
< High school 79 (87.8) 174 (94.1)
> High school 11 (12.2) I (5.9)

Levels of physical activity 1.040 | 0.308
Low 63 (70.0) 118 (63.8)
Moderate/High 27 (30.0) 67 (36.2)

ASA 1.482 | 0.223
| 32 (35.6) 80 (43.2)
I 58 (64.4) 105 (56.8)

Duration of disease 3.240 | 0.072
< |5 years 79 (87.8) 174 (94.1)
2 |5 years 11 (12.2) I (5.9)

History of lumbar surgery 0.253 | 0615
No 80 (88.9) 168 (90.8)
Yes 10 (11.1) 17 (9.2)

History of pain unrelated to the primary disease 3.240 | 0.072
No 79 (87.8) 174 (94.1)
Yes I (12.2) I (5.9)

Sleep disorders 0914 | 0.339
No 57 (63.3) 106 (57.3)
Yes 33 (36.7) 79 (42.7)

PCS 7412 | 0.006
<12 65 (72.2) 102 (55.1)
> 12 25 (27.8) 83 (44.9)

Number of vertebral segments 0416 | 0519
< 48 (53.5) 91 (49.2)
> | 42 (46.7) 94 (50.8)

Intraoperative blood loss 0.467 | 0.494
<400 mL 64 (71.1) 124 (67.0)
> 400 mL 26 (28.9) 61 (33.0)

Intraoperative blood transfusion 0.001 | 0.970
No 44 (48.9) 90 (48.6)
Yes 46 (51.1) 95 (51.4)

Duration of surgery 0.173 | 0.677
< 240 min 64 (71.1) 127 (68.6)
= 240 min 26 (28.9) 58 31.4)

(Continued)
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Table 2 (Continued).

Variables Non-Moderate-to-Severe Moderate-to-Severe X P
APSP Group (n = 90) APSP Group (n = 185)

PCIA 6.607 | 0.010
No 48 (53.3) 128 (69.2)
Yes 42 (46.7) 57 (30.8)

Intraoperative OMME 1.121 | 0.290
< 150 mg 44 (48.9) 103 (55.7)
> 150 mg 46 (51.1) 82 (44.3)

Notes: Data are given as numbers (percentages).
Abbreviations: APSP, acute postsurgical pain; BMI, body mass index; OMME, oral morphine milligram equivalents; ASA, American Society of
Anesthesiologists; PCS, Pain Catastrophizing Scale; PCIA, patient-controlled intravenous analgesia.

Multivariate Logistic Regression Analysis

To identify independent predictors, a binary logistic regression model was developed. The dependent variable was the
occurrence of moderate-to-severe APSP (0 = No, 1 = Yes). Independent variables included those with P < 0.2 in the
univariate analysis (age, educational level, history of pain unrelated to the primary disease, pain catastrophizing, disease
duration, and PCIA) and gender (a known potential factor from the literature).® The results showed that lower age (< 50
years), lower educational level, no planned use of PCIA, higher pain catastrophizing, and no history of pain unrelated to
the primary disease were independent predictors for moderate-to-severe APSP (P < 0.05), as detailed in Table 3.

Development of the Risk Prediction Model
Based on the five independent risk factors (age, educational level, PCIA use, pain catastrophizing, and history of pain
unrelated to the primary disease), a risk prediction model for moderate-to-severe APSP was constructed:

P=1/(1+¢eY)
where Y = —2.204 + 1.292 x (Age < 50) + 1.187 x (Low Education) + 0.985 x (No History of Pain Unrelated to the

Primary Disease) + 0.720 x (High PCS) + 0.560 x (No PCIA).
A nomogram was developed based on this model (Figure 1).

Table 3 Logistic Regression Analysis of Risk Factors for Moderate-to-Severe Acute
Postsurgical Pain in Patients Undergoing Open Lumbar Fusion

Independent Variables OR (95% CI) P value
Constant 0.025
Educational level (ref: > High school)

< High school 3.278 (1.153-9.319) | 0.026
PCIA (ref: Yes)

No 1.751 (1.014-3.025) | 0.044
Age (ref: > 50 years)

< 50 years 3.640 0.026

(1.169-11.336)

PCS (ref: < 12)

> 12 2.054 (1.156-3.651) | 0.014
History of pain unrelated to the primary disease (ref:
Yes)

No 2.679 (1.044-6.876) | 0.040

Abbreviations: PCS, Pain Catastrophizing Scale; PCIA, patient-controlled intravenous analgesia.
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Figure | Nomogram for predicting the risk of moderate-to-severe acute postsurgical pain after open lumbar fusion.

Evaluation of the Prediction Model

The ROC curve analysis yielded an AUC of 0.705 (95% CI: 0.638-0.771, P < 0.001), indicating acceptable discrimina-
tion of the prediction model. At the optimal cutoff value of 0.684, the Youden index was 0.377, with a sensitivity of
64.3% and a specificity of 73.3%. The Hosmer-Lemeshow test yielded a chi-square value of 9.898 (P = 0.194),
suggesting good agreement between predicted and observed probabilities. Internal validation using 1000 bootstrap
resamples produced a bias-corrected calibration curve that closely aligned with the ideal diagonal line, supporting the
model’s calibration and robustness (Figure 2). Decision curve analysis further showed a net clinical benefit over the “treat
all” and “treat none” strategies across threshold probabilities of approximately 0.40 to 0.70 (Figure 3), suggesting
potential utility of the model for risk-informed perioperative pain management.
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Figure 2 Calibration curve of the nomogram for predicting moderate-to-severe acute postsurgical pain after open lumbar fusion.
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Figure 3 Decision curve analysis of the nomogram for predicting moderate-to-severe acute postsurgical pain after open lumbar fusion.

Discussion

In this single-center cohort of patients undergoing open lumbar fusion, 67.3% developed moderate-to-severe APSP
within the first postoperative week, confirming that APSP remains a frequent and clinically relevant problem after this
highly invasive spinal procedure. This incidence is comparable to that reported in previous large-scale Chinese studies
(63.3%),° further underscoring the substantial unmet need for improved perioperative pain management in this
population.

In the present study, we developed a multivariable risk prediction model incorporating five readily obtainable
preoperative or perioperative factors—age, educational level, pain catastrophizing, history of pain unrelated to the
primary disease, and planned use of PCIA—to estimate the probability of moderate-to-severe APSP. The model
demonstrated acceptable discrimination (AUC = 0.705) and good calibration, supporting its potential utility for early
perioperative risk stratification. Importantly, all predictors included in the nomogram can be assessed before or
immediately after surgical planning, enhancing its feasibility for routine clinical application.

Unlike previous studies that primarily focused on chronic postsurgical pain, this work emphasizes early acute pain
risk following open lumbar fusion, a procedure consistently ranked among the most painful surgical interventions. Early
identification of patients at high risk of APSP may facilitate timely implementation of targeted analgesic and nursing
interventions, potentially improving postoperative recovery trajectories.

Predictive Performance of the Model
The nomogram-based prediction model achieved an AUC of 0.705, indicating acceptable but modest discrimination.
Although this level of performance is insufficient for precise individual-level prediction, it remains clinically useful for
early risk stratification in the context of postoperative pain, which is inherently multifactorial and influenced by
biological, psychological, and perioperative management factors. Accordingly, the nomogram should be interpreted as
a pragmatic bedside risk stratification tool to support perioperative decision-making, rather than a deterministic predictor.
The endpoint definition used in this study (any NRS score > 4 during POD1-POD7) was intended to identify patients
with clinically relevant pain requiring analgesic attention during the first postoperative week, a key period for recovery
and perioperative pain management.

The level of discrimination is broadly comparable to that reported in other perioperative pain prediction studies.?*
However, direct comparison should be interpreted cautiously because study populations, pain definitions, assessment
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windows, and modeling methods differ across studies. In addition, procedure-specific APSP prediction models for open
lumbar fusion remain limited. Therefore, our nomogram is best interpreted as a practical tool for early risk stratification
in this surgical population.

In addition, the model demonstrated good calibration and favorable decision-curve performance, suggesting that it
may provide useful risk estimates to support perioperative decision-making. In practice, the nomogram may help identify
patients at elevated risk of moderate-to-severe APSP who may benefit from intensified multimodal analgesic planning,
enhanced patient education, and closer postoperative nursing surveillance.

Analysis of Risk Factors for Moderate-to-Severe APSP

Age

Patients aged < 50 years had a higher risk of developing moderate-to-severe APSP. Being older (> 50 years) acted as
a protective factor. This may be related to age-associated decreases in pain sensitivity, reduced natural killer cell counts,
a blunted inflammatory response, and declines in neurotransmitter levels and nerve conduction velocity.** A study by
Gerbershagen et al*® found that postoperative pain intensity decreases with age, with a reduction of 0.28 points on the
pain scale for every 10-year increase in age, supporting our finding that older age is associated with a lower probability of
APSP.

Educational Level

Patients with a lower educational level were at higher risk for moderate-to-severe APSP. This aligns with a study by Ye
et al'? on patients undergoing hysterectomy, which found a similar association. The disparity may stem from differences
in health literacy and the ability to access and understand information about pain and analgesia. Patients with higher
education may be more proactive in seeking knowledge, which helps them develop realistic expectations and commu-
nicate their pain effectively. In contrast, those with lower education may have limited access to such information.
Therefore, providing individualized perioperative assessment and health education to this group is crucial to improve
their pain-related knowledge and encourage active pain reporting.

Pain Catastrophizing

A higher level of preoperative pain catastrophizing was associated with an increased risk of moderate-to-severe APSP.
Patients with lumbar degenerative diseases often experience long-term pain and functional limitations, which can lead to
preoperative fear, anxiety, helplessness, and heightened concerns about the surgery, all of which contribute to catastro-
phizing. This cognitive style can trigger a fear-avoidance cycle, promote sympathetic nervous system activation and
inflammation, and thereby intensify APSP, which in turn can reinforce catastrophic thinking. Previous research has
confirmed that preoperative pain catastrophizing is a significant predictor of postoperative pain intensity and analgesic
consumption,”® consistent with our results. Therefore, preoperative psychological screening and timely intervention are
necessary to improve patients’ mental state and potentially reduce the incidence of APSP.

History of Pain Unrelated to the Primary Disease

A noteworthy and somewhat counterintuitive finding of this study is that patients without a history of pain unrelated to
their primary condition (eg., rheumatoid arthritis, migraines) were at a higher risk of moderate-to-severe APSP. While
central sensitization theory suggests that chronic pain could increase postoperative pain sensitivity, it is possible that
individuals with a history of chronic pain develop stronger pain adaptation mechanisms, have more realistic expectations
about postoperative pain, and experience lower preoperative anxiety. These factors could lead to lower subjective pain
ratings and thus a reduced incidence of moderate-to-severe APSP.

PCIA Use

Patients who were not scheduled to use PCIA had a higher risk of developing moderate-to-severe APSP. PCIA delivers
a continuous infusion of analgesics via a programmable micropump, which can be used for 48-72 hours
postoperatively.”” One study found that the use of PCIA in total knee arthroplasty patients reduced the risk of APSP
by 33%.'" This underscores the importance of strengthening perioperative analgesic education, ensuring patients fully
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understand the benefits of PCIA for pain management, and encouraging its use to alleviate discomfort and promote
recovery.?’

However, the association between planned PCIA use and APSP should be interpreted cautiously. In our setting, the
decision to use PCIA (and its configuration) was made according to routine clinical practice based on anesthesiologist
judgment, the patient’s clinical condition, and the patient’s preference, rather than a fully standardized protocol.
Therefore, planned PCIA use may reflect clinical context as well as analgesic strategy. Nevertheless, planned PCIA
use remains a clinically meaningful perioperative factor and may be useful for early risk stratification and analgesic
planning.

For bedside usability, several predictors were dichotomized using clinically interpretable thresholds (eg., age and PCS
score), although this may have reduced predictive information to some extent.

Strengths and Limitations
This study has several strengths. First, it focused on open lumbar fusion, a procedure associated with substantial pain and
challenging management, and developed a procedure-specific prediction model. Second, the model incorporates multi-
dimensional predictors, including demographic, clinical, and psychological factors, and all predictors were readily
available during perioperative care, supporting bedside feasibility. Third, by focusing on APSP rather than chronic
pain, this study provides a practical tool for early risk stratification and individualized perioperative pain management.
The study also has limitations. It was a single-center study and lacked external validation, which may limit general-
izability. In addition, postoperative analgesic regimens (including PCIA use and configuration) were not fully standar-
dized, and pain was assessed once daily using the highest NRS score reported over the preceding 24 hours; these factors
may have introduced practice-related and measurement variability, although they reflect real-world clinical care. The
endpoint definition used in this study may not distinguish transient early pain from more persistent moderate-to-severe
pain trajectories. In addition, the PCS cutoff used in this study (> 12 points) is not a universally standardized threshold,
which may limit comparability with other studies. Finally, dichotomization of some predictors and possible misclassi-
fication of history-based variables may have reduced predictive precision. Future multicenter studies with external

validation and alternative endpoint definitions are warranted.

Conclusion

Moderate-to-severe APSP was common during the first postoperative week after open lumbar fusion. A nomogram based
on five readily available perioperative factors (age, educational level, pain catastrophizing, history of pain unrelated to
the primary disease, and planned PCIA use) may support early risk stratification and individualized perioperative
analgesic and nursing management. However, this model should be interpreted as a pragmatic risk estimation tool rather
than a deterministic predictor at the individual level. Given the single-center design and lack of external validation,
further multicenter studies are needed to validate the model and to explore whether alternative outcome definitions or

pain trajectory-based approaches improve predictive performance and clinical applicability.

Abbreviations

95% CI, 95% confidence interval; APSP, Acute postsurgical pain; BMI, Body mass index; ICU, Intensive care unit; IQR,
Interquartile ranges; NRS, Numeric Rating Scale; OR, Odds ratio; OMME, Oral morphine milligram equivalents; PCIA,
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