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INTRODUCTION:

As the number of instrumented multilevel spinal surgeries in the United States continues to rise, surgical site infections remain a significant postoperative
complication with substantial impact on both patients and healthcare systems. With staged spinal fusions gaining wider adoption, understanding the
influence of surgical approach and clinical predictors of infection recurrence is essential for improving outcomes.

METHODS:

We conducted a retrospective case-control study of 120 patients (52 males and 68 females) who underwent instrumented spine surgery with complete
follow-up. Recurrent infection was defined as a microbiologically confirmed surgical site infection after initial postoperative management. Candidate
predictors were screened with univariate logistic regression (p < 0.20), followed by multivariable logistic regression analysis. Model performance was
assessed for discrimination, calibration, and internal validity using bootstrap resampling.

RESULTS:

Twenty-five patients (20.8%) developed recurrent infection. On univariate analysis, higher erythrocyte sedimentation rate (ESR) was associated with
recurrence (p = 0.002), and smoking was significantly associated with increased risk (p = 0.007). On multivariable analysis, independent predictors of
recurrence included elevated ESR (OR 1.09 per mm/hr, 95% CI 1.03-1.15, p = 0.0019), positive blood cultures (OR 719.9, 95% CI 5.8-88,619, p = 0.007),
lower hemoglobin (OR 3.10, 95% CI 1.25-7.73, p = 0.015), longer time from index surgery to debridement (OR 1.12 per day, 95% CI 1.02-1.23, p = 0.016),
presence of a dural tear or CSF leak (OR 109.4, 95% CI 1.66-7192, p = 0.028), and complex procedures such as PSO or VCR (OR 151.3, 95% CI 1.22—
18,726, p = 0.041). The final model demonstrated strong discrimination (AUC 0.79) and good calibration.

DISCUSSION:

Preoperative ESR emerged as a strong and independent predictor of recurrent infection. Additional predictors included systemic and technical risk factors:
positive blood cultures, anemia, low albumin, longer delay to debridement, dural tear or CSF leak, and complex osteotomies. Gram-negative organisms
trended toward increased recurrence though not always statistically significant. Smoking, although significant in univariate analysis, did not remain in the
multivariate model, suggesting its effect may be confounded by other systemic or surgical variables. These findings highlight the interplay between host
condition, microbial virulence, and surgical complexity in determining recurrence risk.

SIGNIFICANCE/CLINICAL RELEVANCE:

As recurrent spinal surgical site infections carry high morbidity and economic burden, it is essential to identify the risk factors associated with this serious
postoperative complication. Recurrent spinal surgical site infection carries substantial morbidity and economic burden. This study demonstrates that elevated
ESR, positive blood cultures, anemia, hypoalbuminemia, dural tear or CSF leak, and complex osteotomies are strong independent predictors of recurrence.
These findings support preoperative nutritional optimization, organism-specific infection vigilance, and surgical planning strategies such as staged
approaches and optimizing fusion levels in high-risk patients. Incorporating such risk stratification into surgical planning may meaningfully reduce
recurrence rates and improve outcomes.
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