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Abstract

Objective: Postoperative spinal surgical site infections (SSIs) significantly impact patient
morbidity, healthcare costs, and recovery. This study aimed to identify risk factors and
diagnostic indicators and discuss the treatment modalities for spinal SSI through
retrospective analysis.

Materials and methods: Data from 36 patients with spinal SSI, operated between
January 2014 and January 2018, were retrospectively evaluated. Patient-related and
surgery-related risk factors, clinical presentations, laboratory findings, microbiological
cultures, radiological imaging, and treatment outcomes were analysed.

Results: Among 2,596 spinal surgeries, 36 SSls (1.39%) occurred. Common risk factors
included hypertension, diabetes, coronary artery disease, immunosuppression, and
smoking. Early-onset infections (<30 days; 72.2%) presented primarily with wound
discharge; late-onset infections (>30 days; 27.8%) were characterised by persistent pain.
CRP and neutrophil-to-lymphocyte ratio (NLR) were found to be important diagnostic
markers. Culture positivity was higher in early-onset infections; Escherichia coli was the
predominant pathogen. Deep infections required longer antibiotic therapy and hospital
stay (p<0.05). Multidisciplinary management—including surgical debridement, irrigation,
vacuum-assisted closure, and hyperbaric oxygen therapy—was essential. Despite
aggressive treatment, five patients succumbed to complications.

Conclusion: Meticulous risk assessment, early diagnosis using NLR and CRP, culture-
guided antibiotic therapy, and individualised multidisciplinary strategies remain crucial for
managing spinal SSis effectively.
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Makale bashgi: Postoperatif spinal cerrahi alan enfeksiyonlarinda risk faktorleri, tani ve
tedavi yontemleri: 36 vakanin retrospektif analizi.

Kisa baslik: Spinal enfeksiyonlarda risk, tani ve tedavi.

0z

Amag: Postoperatif spinal cerrahi alan enfeksiyonlari (CAE), hasta morbiditesini, saglik
maliyetlerini ve iyilesmeyi ciddi oranda etkiler. Bu ¢alismada spinal CAE'nin risk faktorleri,
tanisal gostergeleri ve tedavi ydntemlerinin retrospektif olarak degerlendiriimesi
amagclandi.

Gere¢ ve yontem: Ocak 2014 — Ocak 2018 tarihleri arasinda spinal CAE gelisen 36
hasta retrospektif olarak incelendi. Hasta ve cerrahi kaynakl risk faktorleri, klinik bulgular,
laboratuvar degerleri, mikrobiyolojik kultarler, radyolojik goruntilemeler ve tedavi
sonuglari analiz edildi.

Bulgular: Toplam 2.596 spinal cerrahi vakasinda 36 CAE (%1,39) goruldu. En sik
hipertansiyon, diyabet, koroner arter hastaligi, immunosupresyon ve sigara kullanimi risk
faktori olarak belirlendi. Erken dénemde gelisen enfeksiyonlar (<30 gun; %72,2)
cogunlukla yara akintisiyla, ge¢ donemde gelisen enfeksiyonlar (>30 gun; %27,8) ise
inatci agri ile seyir gosterdi. Tanida C-reaktif protein (CRP) ve notrofil/lenfosit orani (NLR)
tanisal degeri yuksek bir bulgu olarak saptandi. Kultur pozitifligi erken enfeksiyonlarda
daha yuksekti; en sik izole edilen patojen Escherichia coli idi. Derin enfeksiyonlu
hastalarda antibiyotik tedavisi ve hastanede kalis sureleri daha uzundu (p<0,05). Cerrahi
debridman, irrigasyon, vakum yardimli kapama ve hiperbarik oksijen terapisi gibi
multidisipliner yaklasimlar gerekliydi. Agresif tedaviye ragmen 5 hasta komplikasyonlara
bagh kaybedildi.

Sonug: Detayli risk degerlendirmesi, NLR ve CRP ile erken tani, kiltire dayall
antibiyoterapi ve bireysellestirilmis multidisipliner yaklagimlar spinal CAE yonetiminde
kritik onem tagimaktadir.

Anahtar kelimeler: Spinal enstrimantasyon, cerrahi alan enfeksiyonu, omurga cerrabhisi,

noétrofil-lenfosit orani (NLR).



Introduction

Postoperative spinal surgical site infections (SSI) are serious complications causing
substantial morbidity, prolonged hospitalisation, increased healthcare costs, and disability
risk. The rising prevalence correlates with ageing populations, surgical complexity,
prolonged operative times, frequent use of instrumentation, and higher comorbidities [1-
3]. Predisposing patient-related factors include diabetes mellitus, obesity,
immunosuppression, malnutrition, smoking, and chronic illnesses [4, 5]. Surgically,
prolonged procedures, extensive dissection, significant blood loss, revision surgeries,
and instrumentation elevate infection risks [2, 4, 6].

Infections present either early (<30 days) with wound discharge, erythema, and pain
or late (>30 days), featuring persistent deep pain, delayed healing, or sinus tract
formation [7]. Diagnosis integrates clinical evaluation, elevated C-reactive protein (CRP),
erythrocyte sedimentation rate (ESR) levels, neutrophil to lymphocyte ratio (NLR), and
magnetic resonance imaging (MRI) [8-10]. While pathogen identification through
microbiological cultures guides the treatment, culture-negative results are common and
often necessitate empirical therapy [11, 12].

Management involves multidisciplinary strategies: superficial infections benefit from
antibiotics and wound care; deep infections require surgical debridement, prolonged
antimicrobials, surgical implant management, and adjunct therapies like vacuum-assisted
closure or hyperbaric oxygen [13-17]. Prevention through strict aseptic protocols,
antibiotic prophylaxis, and meticulous surgical technigues remains paramount. This
retrospective study aimed to analyse 36 patients regarding risk factors, diagnostic
indicators, and treatment strategies, and may contribute to the limited body of literature
evaluating the neutrophil-to-lymphocyte ratio (NLR) as a potential early diagnostic marker

in spinal surgical site infections.

Materials and methods

This retrospective study analysed 36 patients diagnosed with spinal SSI between
January 2014 and January 2018. Patients with a minimum follow-up duration of 12
months were included in the study. Detailed medical histories were obtained, and risk
factors were evaluated. Patient-related risk factors included age, gender, obesity,
smoking, diabetes mellitus, hypertension, coronary artery disease, chronic obstructive
pulmonary disease, rheumatoid arthritis, ankylosing spondylitis, chronic renal failure,
osteoporosis, steroid use, and immunosuppression. Surgery-related risk factors included
the duration of surgery, whether the surgery was a revision procedure, the number of

surgical sessions, intraoperative or postoperative blood transfusion, and utilising



instrumentation. The presence of these risk factors was quantified. Postoperative
symptoms and findings suggestive of infection—onset time, pain, fever, and wound
discharge—were recorded.

All patients’ laboratory parameters—white blood cell (WBC) count, erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP), neutrophil count, lymphocyte count,
and the neutrophil/lymphocyte (N/L) ratio—were evaluated before the initial operation, at
the time of infection onset, at discharge, and during outpatient follow-up. These
parameters were then compared between early-onset (<30 days) and late-onset (>30
days) infections. All cultures (blood, puncture, and surgical tissue specimens) were
examined via Gram staining and aerobic, anaerobic, fungal, and acid-fast bacillus (AFB)
microbiological assessments. Based on culture results, the causative pathogens were
analysed separately for early-onset and late-onset infections

Contrast-enhanced MRI scans were reviewed to categorise infections as
paraspinal/superficial soft tissue or deep tissue infections (e.g., osteomyelitis, discitis,
epidural abscess). Based on the patient’s symptoms, laboratory findings, and radiological
evaluations, debridement, pressurised irrigation, closed irrigation-drainage system,
instrumentation removal, flap coverage in patients whose surgical wounds could not be
primarily closed, vacuum-assisted closure (VAC) therapy, hyperbaric oxygen therapy,
and ultrasound-guided abscess drainage were applied in various combinations,
depending on clinical necessity.

Written informed consent was obtained from all patients. The study was conducted
according to the ethical standards of the Declaration of Helsinki. Approval was granted by
the Ethics Committee of xxxxxx University (approval date:28.05.2024 and approval
number:10).

The intravenous (IV) and subsequent oral treatment duration were analysed and
compared between patients with deep tissue infection and those with only superficial soft
tissue infection. Statistical evaluations were conducted using the SPSS 22.0 (Chicago,
USA) software package. No sample size calculation was performed before the study to
determine the number of patients to be included; instead, all patients from the specified
groups over the four years were included. Continuous variables were presented as
meanztstandard deviation, and categorical variables were expressed as frequencies and
percentages. When parametric test assumptions were satisfied, independent-sample t-
test and ANOVA were used; when these assumptions were not met, the Kruskal-Wallis
and Mann-Whitney U tests were applied. Spearman’s correlation and the exact chi-

square test were used to evaluate group relationships.



Results

Of the 2,596 patients who underwent spinal surgery, 36 cases of spinal surgical site
infection (SSI) were identified, corresponding to an incidence rate of 1.39%. The
minimum follow-up duration was 12 months, with a mean follow-up of 29.7£10.8 months.
Among these 36 patients, 19 (52.8%) were female and 17 (47.2%) were male. The mean
body mass index (BMI) was 27.89+4.82 kg/m? and the mean age was 57.50%£15.58
years. Hypertension was present in 12 patients (33.3%), coronary artery disease in 10
(27.8%), and diabetes mellitus in 9 (25%); additionally, 9 patients (25%) were smokers
and 10 (27.8%) were immunosuppressed. Twenty-three patients (63.8%) had two or
more risk factors, whereas 9 (25%) had no identifiable ones. From the perspective of
perioperative risk factors, patients were divided into three groups:

Group A (n=10): Procedures without instrumentation / minimally invasive surgeries.

Group B (n=20): Decompressive procedures/stabilisation surgeries (with or without
instrumentation) for degenerative or traumatic etiologies.

Group C (n=6): Tumour excision/corpectomy.

Table 1 below summarises perioperative risk factors across the three groups,
including the number of operated levels, session details, revision rates, instrumentation
usage, blood transfusion requirements, dural tear incidences, and mean operative times.
The overall figures across all groups include 16 revision procedures (44%), 13 cases
requiring blood transfusion (36%), and six instances of dural tears (16.7%). Increasing
surgical complexity is associated with longer operative times, higher transfusion rates,
and greater incidence of dural injuries.

Early-onset (<30 days) infections were seen in 26 patients (72.2%), and late-onset
(>30 days) infections were seen in 10 patients (27.8%). The mean onset time in early-
onset infections was 14.38%£11.07 days, compared to 102.5+£99.81 days in late-onset
infections. The mean onset time in all patients was 38.86+65.20 days. Presenting
symptoms included discharge (70%), pain (50%), and fever (24%). Among those with
early-onset infections, 85% reported wound discharge, followed by pain (38%) and fever
(26%). In late-onset infections, 80% presented with pain and 30% with discharge; none of
these late-onset cases had a fever.

White blood cell (WBC) levels were not significantly elevated at any time point. CRP
levels were elevated in all cases. CRP levels were already elevated preoperatively in
early-onset infections compared to late-onset infections. CRP levels decreased
significantly by discharge and at follow-up. ESR levels were elevated in all early-onset
infections, though CRP levels declined more rapidly and noticeably than ESR during the

treatment process. The neutrophil/lymphocyte ratio was considerably higher, particularly



in early-onset infections. The N/L ratio in early-onset infections reached a markedly
supranormal mean of 7.74+5.13. It also returned to its reference range sooner than the
surgery-related rise in CRP and was within normal limits at both discharge and end-of-
therapy follow-up for all patients. Pre- and post-treatment laboratory results are
summarised in Table 2.

Blood cultures, puncture cultures, and surgical tissue cultures were compared
between early-onset and late-onset infection groups. Blood cultures were taken in 12
(33.3%) patients, 10 with early-onset infections and 2 with late-onset infections; overall,
50% of these cultures were positive. No growth was observed in blood cultures of the
late-onset group, whereas 60% were positive in the early-onset group. Among 20
patients with puncture cultures, 70% demonstrated growth (72% in early-onset
infections). Surgical tissue cultures obtained from 36 patients showed a 50% positivity
rate. When examined per patient, the overall positivity of at least one culture type was
69.4%.

Some cultures yielded multiple pathogens. Table 3 summarizes the corresponding
microbiological findings. The pathogen distribution reflects individual isolates rather than
patient counts. Overall, the most frequently identified pathogens were Escherichia coli
(12 isolates), coagulase-negative staphylococci (6 isolates), Staphylococcus aureus (5
isolates), Pseudomonas aeruginosa (5 isolates), and Enterococcus spp. (5 isolates).

MRI was performed in 29 patients, revealing superficial soft tissue infection in 28
(96%), osteomyelitis in 10 (0.34%), epidural abscess in 7 (0.24%), and psoas abscess in
4 (0.14%). Treatment modalities were combined according to clinical and radiological
findings. All patients underwent debridement of necrotic tissues. At the end of surgery, a
closed irrigation-drainage system was placed in 20 patients (56%). Instrumentation was
removed in 3 patients with suspected screw loosening. Myocutaneous flap coverage was
necessary for three patients whose surgical wounds could not be primarily closed. VAC
therapy was applied in 3 patients with extensive dead space in the surgical area. The
incorporation of hyperbaric oxygen therapy was limited to two patients who demonstrated
persistent deep infection despite adequate debridement and culture-directed antibiotics,
chosen on a case-by-case basis particularly when tissue hypoxia was suspected. Four
patients with imaging-confirmed psoas abscesses underwent ultrasound-guided catheter
drainage.

Among patients with deep tissue infection, the mean duration of IV antibiotic therapy
was 38.50+26.93 days, postoperative oral antibiotic therapy 97.78+42.65 days, and
hospital stay 67.10+61.82 days. In patients with only superficial soft tissue infection, IV
antibiotic therapy lasted 17.84+8.12 days, postoperative oral antibiotic therapy



17.31+£16.59 days, and hospital stay 28.41+£10.49 days. Comparisons between the deep
infection group and the superficial infection group revealed statistically significant
differences in IV therapy duration (p=0.004), postoperative oral antibiotic duration
(p=0.0001), and length of hospital stay (p=0.040).

The mean duration of the index surgery leading to infection was 253.15+181.02
minutes in patients with only superficial soft tissue involvement, compared to 120+£141.42
minutes in those with deep infection. This difference was statistically significant
(p=0.040).

Discussion

Spinal surgery is frequently performed for a wide range of conditions, most
commonly lumbar disc herniation, as well as spinal stenosis, deformity, trauma, and
spinal infections [18]. Spinal SSIs remain among the most serious complications
following spinal surgery, significantly increasing patient morbidity, healthcare costs and
the length of hospital stay. The reported incidence ranges from 0.7% to 16%, depending
on patient comorbidities, surgical complexity and perioperative protocols [1-3]. The
heterogeneity in incidence is mainly attributable to the diversity of patient-related and
surgery-related risk factors.

When preoperative (patient-related) risk factors are examined, the decreased
vascularity and immune response of adipose tissue in obese patients leads to fat
necrosis, providing a favourable milieu for bacterial proliferation and increasing the risk of
infection after surgery [19]. The literature identifies body mass index (BMI) as a risk factor
for iatrogenic spinal infections. Abdallah et al. [20] reported that every 5 kg m? increase in
BMI was associated with a 13% increase in the risk of spinal SSI.

Lin A.-H. and colleagues demonstrated that in long-term smokers, nicotine and
other toxic substances attack the fatty acids in cell membranes, producing lipid
peroxidation products that directly or indirectly delay tissue healing and increase infection
risk. Although there is no consensus in the literature that smoking increases SSI risk,
Schimmel et al. [21] reported that the risk of deep infection doubled in smokers [22, 23].
Subsequent studies have supported this relationship.

In patients with diabetes mellitus, hyperglycaemia exerts inhibitory effects on the
vascular and immune systems, impairing wound healing in surgical tissues and elevating
infection risk [24]. Approximately 17% of diabetic patients develop postoperative
complications, two-thirds of which are infectious [15]. Moreover, a preoperative serum
glucose level >125 mg/dL (>6.9 mmol/L) or a postoperative level >200 mg/dL has been

shown to increase the risk of spinal SSI even in patients without diabetes mellitus [5].



Cardiovascular disease, hypertension and renal failure also compromise soft-tissue
viability and increase infection risk [24]. Other preoperative risk factors identified in the
literature include steroid use, alcohol consumption, immunosuppression and advanced
age.

When all 36 patients with postoperative SSI were assessed for preoperative risk
factors, hypertension (n=12) was most prevalent, followed by coronary artery disease
(n=10), immunosuppression (n=10), smoking (n=9) and diabetes mellitus (n=9).
Additionally, eight patients were immunosuppressed, and seven had rheumatoid arthritis.
Fourteen patients had three or more risk factors, whereas nine had none. Overall, our
findings were concordant with the published literature. The mean BMI of patients was
calculated as 27.89; no significant association was found between BMI and SSi risk. This
result stems from the limited sample size and the narrow distribution of BMI values
among patients.

Procedure type is a significant determinant among perioperative (surgery-related)
risk factors. In a study of 108,419 cases published in 2011, instrumented procedures
were associated with a 28% higher SSI risk. For fusion surgeries, purely anterior
approaches carried the lowest risk. The same study linked minimally invasive techniques
to lower SSI rates, whereas revision cases exhibited a 65% higher infection rate than
primary surgeries. At the spinal level, thoracic procedures had the highest and cervical
the lowest SSI risk [25].

Prolonged operative times can induce tissue ischaemia and hypoxia, increasing the
risk of infection. Several studies have reported that lengthy procedures are associated
with higher postoperative infection rates in spinal surgery. Generally, a duration of 2 2 h
is significantly associated with increased SSI risk, and each additional hour beyond two
hours further elevates this risk [26-28].

The literature also indicates that excessive intraoperative blood loss increases
postoperative SSI risk. Olsen et al. [5] reported significantly greater mean blood loss in
patients with SSI compared to those without (275 ml vs. 150 ml). Another study found
that blood loss >1000 mL during spinal surgery increased SSiI risk [2].

In our study, the mean operative time was 273.0+£127.0 minutes; notably, the mean
duration in all three patient groups exceeded 2.5 hours and was even longer in complex
cases, supporting the reported association between prolonged surgery and SSI. Forty-
four per cent of the procedures were revision surgeries, 36% of patients required blood
transfusions, and 64% of cases involved multilevel interventions. These findings are
consistent with perioperative risk factors previously reported in the literature. We believe

minimising operative duration, reducing intraoperative blood loss, and avoiding



unnecessary multilevel surgeries through appropriate surgical indications may reduce the
risk of spinal SSls.

Fang et al. [4] reported that spinal SSIs most often occur within the first three
months after surgery. SSIs may be categorised as early (<30 days) and late (>30 days)
according to time of onset [12, 29]. Early infections usually manifest with severe pain,
wound drainage, erythema, swelling and mild fever. Late infections are more insidious
and more complicated to diagnose, typically presenting with back pain or tenderness on
deep palpation. In our series, early infections (<30 days) emerged at a mean of
14.38+11.07 days, late infections (>30 days) at 102.5+£99.81 days, and the overall mean
onset time was 38.86+65.20 days, in agreement with the literature.

The most used laboratory tests for diagnosing and monitoring SSIs are white blood
cell (WBC) count, C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR).
Because WBC elevation occurs in fewer than 50% of cases, its sensitivity is inferior to
other markers [30]. In our study, WBC values were only slightly above the upper limit of
normal (10.56+4.08 x 103%/uL) in early infections and remained within normal limits at
other time points, corroborating its limited utility.

Although CRP and ESR are sensitive indicators, both rise physiologically after
surgery. CRP peaks on postoperative days 2-3 and usually returns to baseline by days 5-
21; a second CRP peak raises suspicion of infection [10]. ESR peaks on postoperative
days 3-5 and may remain elevated for 3-6 weeks. Because CRP normalises earlier, it is
more sensitive than ESR for SSI detection [31-33]. Khan et al. [9] observed that CRP
declined rapidly in response to intravenous antibiotics, whereas ESR normalised more
slowly, underscoring CRP’s superiority for monitoring treatment response. In our series,
mean CRP levels were significantly elevated in early (9.56+8.12 mg/dL) and late
(6.19+5.76 mg/dL) infections and normalised after therapy; ESR declined but less
markedly. Thus, our data support CRP’s greater utility. Notably, preoperative CRP was
already elevated (1.38%1.32 mg/dL) in early-infection patients, suggesting that high
preoperative CRP may predict SSI, consistent with recent literature [34-36].

Following bacterial invasion, neutrophils rise while lymphocytes fall. Takahashi et al.
[37] reported that lymphocyte counts dropped after surgery in infection-free patients but
began to rise after day 4, returning to normal within three weeks. In contrast, lymphocyte
proportions fell below 10% in infected patients until postoperative day 11. The neutrophil-
to-lymphocyte ratio (NLR) has been widely studied in inflammatory and infectious
diseases over the past decade [38, 39]. To our knowledge, Shen et al. [40] conducted the
first study on NLR in spinal SSIs in 2019, demonstrating that NLR values >5.19 on

postoperative day 4 and >3.85 on day 7 were associated with SSI after instrumented



spinal surgery. Inose et al. [41] subsequently showed that NLR >4.91 on postoperative
days 3-4 and >3.21 on days 6-7 predicted SSI after spinal decompression. Later studies
confirmed that early postoperative NLR elevation correlates with SSI risk and that
combining NLR with CRP or lymphocyte percentage improves predictive accuracy [42,
43]. In our cohort, the mean NLR in early infections was markedly elevated (7.74+5.13)
and returned to normal at discharge and after treatment, reinforcing NLR'’s diagnostic and
monitoring value. Because the NLR normalised sooner than the surgery-related rise in
CRP, we believe it enhances diagnostic sensitivity by distinguishing early-onset
infections from the physiological postoperative inflammatory response.

Although blood cultures and aspiration biopsies aid diagnosis, the gold standard is
intraoperative tissue culture [30, 44]. Jiménez Mejias et al. [45] found positive blood
cultures in 55% of spinal infection cases. Another study reported that, although wound
cultures were positive in all 16 patients, blood cultures were positive in only six [46].
Culture negativity rates vary from 16% to 80% across series; however, extending
incubation can yield positive cultures in up to 90% of cases [11, 12, 47]. Early spinal SSls
(=30 days) are most commonly caused by Staphylococcus aureus, including methicillin-
sensitive and methicillin-resistant strains, reflecting direct inoculation of skin flora.
Enterobacterales, such as Escherichia coli and Enterobacter cloacae, are also commonly
observed, particularly in lumbar and sacral surgeries. Late infections (>3 months,
typically after instrumented fusion) are dominated by low-virulence, biofilm-forming
organisms, principally coagulase-negative staphylococci and Cutibacterium acnes [8, 47,
48].

In our series, positive blood cultures were obtained in 50% of patients, aspiration
cultures in 70%, and intraoperative cultures in 50%. The lower rate of intraoperative
growth than aspiration growth is attributed to the antibiotics administered between
diagnosis and surgery. When early and late infections were compared, aspiration and
blood culture positivity were higher in early cases, whereas intraoperative positivity was
identical (50%) in both groups. Overall, culture positivity was 76.92% in early and 60% in
late infections. The most commonly isolated pathogens were Escherichia coli (12
isolates), coagulase-negative staphylococci (6 isolates), Staphylococcus aureus (5
isolates), Pseudomonas aeruginosa (5 isolates), and Enterococcus spp. (5 isolates),
while other organisms were detected less frequently. Notably, and in contrast to most
published series where gram-positive organisms are more predominant, E. coli emerged
as the leading pathogen in our cohort based on both isolate and patient counts.

Early and aggressive management is essential for the successful treatment of

spinal SSlIs [14]. While superficial infections may respond to antibiotic therapy alone,



persistent cases often require adjunctive drainage. In contrast, deep infections frequently
necessitate surgical intervention, including thorough debridement, irrigation, and closed
drainage systems. Empirical broad-spectrum antibiotics should be initiated after obtaining
tissue samples and adjusted based on culture results [14]. The optimal duration of
antibiotic therapy typically involves 4—6 weeks of intravenous treatment followed by
tailored oral regimens.

The management of instrumentation-associated infections remains controversial.
Several studies suggest retaining implants in early-onset infections to prevent instability
due to lack of solid fusion, whereas late-onset infections, complicated by biofilm
formation, often necessitate hardware removal [7, 10].

Adjunctive techniques, including closed suction irrigation systems, VAC therapy,
myocutaneous flap coverage, and hyperbaric oxygen therapy, have been reported as
effective strategies for managing complex spinal SSiIs [3, 15, 18, 49, 50]. These
approaches are particularly beneficial in cases with extensive soft tissue defects,
persistent infections, or when primary wound closure is not feasible. Several studies have
demonstrated that VAC therapy and flap reconstruction can enhance wound healing,
while closed irrigation systems aid in reducing bacterial load [15, 49]. Hyperbaric oxygen
therapy has also been shown to improve infection control, potentially avoiding the need
for implant removal in selected cases [16].

In our series of 36 patients, comprehensive surgical management—including staged
debridement, pressurised irrigation, and appropriate use of drainage systems—proved
effective. Closed irrigation systems were applied in 20 patients, VAC therapy in 3 cases,
and myocutaneous flaps in another three patients with significant tissue loss.
Instrumentation was removed in 3 of 23 patients due to mechanical loosening.
Hyperbaric oxygen therapy was employed in 2 patients. Despite aggressive
management, five patients succumbed to sepsis and multiorgan failure.

Patients with deep infections required significantly longer intravenous (38.5+26.9
days) and oral antibiotic therapy (97.8+142.6 days) than those with superficial
involvement. Interestingly, prolonged operative time was associated with superficial soft
tissue infections, likely due to ischemic effects from prolonged retraction. This finding
underscores the importance of intermittent release of retractors during extended
procedures to preserve tissue perfusion and minimise infection risk.

Overall, our multidisciplinary, tailored approach was consistent with existing
literature and highlights the necessity of individualised treatment strategies based on
infection depth, timing, and implant status to optimise clinical outcomes in postoperative

spinal infections.



Limitations

This study is subject to several significant limitations. Most notably, its retrospective
design inherently restricts the ability to establish causality and increases susceptibility to
selection and information biases. Additionally, the absence of a control group prevents
comparative analysis against non-infected or differently managed cohorts, limiting the
generalizability of observed associations and treatment outcomes. The relatively small
sample size and single-centre nature of the investigation may also reduce statistical
power and external validity.

In conclusion, spinal SSls significantly impact surgical success, functional recovery,
and healthcare costs. Our analysis highlights that meticulous risk assessment—from
preoperative optimisation to intraoperative vigilance—is critical for prevention. The
neutrophil-to-lymphocyte ratio has emerged as a sensitive marker for detecting early
infections and should be routinely monitored. Escherichia coli emerged as the most
commonly identified pathogen in our cohort. Rapid initiation of culture-guided
antimicrobial therapy, complemented by timely surgical intervention, remains essential
once infection is suspected. Ultimately, systematic risk management, early diagnostic
recognition, and coordinated multidisciplinary care represent fundamental strategies for
reducing the incidence and severity of spinal SSis.
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Table 1. Perioperative risk factors in patients with iatrogenic spinal infections

Variables Group A Group B (n=20) Group C (n=6) Total (n=36)
(n=10)

Instrumentation (Yes/No) 0/10 18/2 5/1 23 (64%) / 13

(36%)

Levels Operated 1.70+0.67 4.70+2.03 4.331+1.21 3.81+2.08

(MeanxSD)

Sessions (1/21/3) 10/0/0 18/2/0 2/3/1 30/5/1

Revisions (2/3/4) 2/1/0 4/3/2 3/1/0 9/5/2

Blood Units Transfused 8/0/2/0/0 14/1/171/3 1/1/0/1/3 2312131216

(0/1/2/3/>3units)

Mean Operative Time (min) | 153.75+23.87 290+87.49 415+170.15 276+137.22

Dural Tear (Yes / No)

0/10 (100%)

5/ 15 (25% / 75%)

1/5 (16% / 84%)

6 /30 (16% / 84%)

Table 2. Pre- and post-treatment laboratory results

Variables (Reference Range) | Timepoint Early (n=26) | Late (n=10) Overall (n=36)
WBC (4-10 K/ulL) Pre-op 8.02+2.85 9.21+2.68 8.21+2.81
Infection Onset 10.56+4.08 8.24+2.17 9.92+3.77
Discharge 7.21+£2.97 6.16+1.67 6.14+1.36
Follow-up 6.96+2.41 7.27+1.82 6.51+1.66
CRP (<0.5 mg/dL) Pre-op 1.38+1.32* 0.25+0.21* 1.174£1.27
infection Onset 9.56+8.12 6.19+5.76 8.62+7.61
Discharge 2.84+2.06 1.64£1.08 2.39+1.88
Follow-up 0.81+1.14 0.39+2.24 0.64+0.89
ESR (<20 mm/h) Pre-op - - -
Infection Onset 83.76+32.45 | 71.14+28.38 | 80.08+31.26
Discharge 72.07+35.01 | 62.75+22.56 | 68.83+31.02
Follow-up 24.75+25.19 | 31.711£18.84 | 28.00+£21.96
N/L Ratio Pre-op 2.61£1.15 3.16+2.52 2.66+1.24
Infection Onset 7.74+5.13* 3.05+1.00* 6.44+4.86
Discharge 3.93+3.98* 1.71+£0.43* 3.35+3.55
Follow-up 2.88+2.05 1.8410.31 2.50+1.71

*p<0.05 for early- versus late-infection comparison of CRP and N/L ratio




Table 3. Pathogen Distribution by Isolate and Patient Counts

Puncture
Fungal infections | 1 patients Surgery
Blood
Brucella spp. [ 2 patients
Acinetobacter baumannii | 2 patients
Group A B-hemolytic streptococcus | 1 patients
Serratia spp. | 2 patients
Enterobacter cloacae 3 patients
Enterococcus spp. | 3 patients
Pseudomonas aeruginosa [ 4 patients
Staphylococcus aureus 3 patients
Coagulase-negative staphylococcif 6 patients
Escherichia coli| 7 patients
0 2 4 6 8 1I0 1I2

Number of Isolates

Civlan S, Dogukan Erbek N, Kiraz |, Egemen E, Coskun ME. Risk factors, diagnosis, and
management of postoperative spinal surgical site infections: a retrospective analysis of 36 cases.

Civlan S, Dogukan Erbek N, Kiraz i, Egemen E, Coskun ME. Postoperatif spinal cerrahi alan
enfeksiyonlarinda risk faktorleri, tani ve tedavi yontemleri: 36 vakanin retrospektif analizi. Pam

Serkan Civlan, Asst. Prof. Pamukkale University Faculty of Medicine, Department of
Neurosurgery, Denizli, Turkiye, e-mail: serkancivlan@hotmail.com (https://orcid.org/0000-0001-
8915-8186) (Corresponding Author)

Nevzat Dogukan Erbek, M.D. Pamukkale University Faculty of Medicine, Department of
Neurosurgery, Denizli, Tarkiye, e-mail: drnevzatdogukanerbek@gmail.com
(https://orcid.org/0009-0001-1995-5611)

ilker Kiraz, Asst. Prof. Pamukkale University Faculty of Medicine, Department of Neurosurgery,
Denizli, Turkiye, e-mail: ikiraz@pau.edu.tr (https://orcid.org/0000-0002-8393-9886)

Emrah Egemen, Assoc. Prof. Pamukkale University Faculty of Medicine, Department of
Neurosurgery, Denizli, Turkiye, e-mail: eegemen@pau.edu.tr (https://orcid.org/0000-0003-4930-
4577)

Mehmet Erdal Coskun, Prof. Pamukkale University Faculty of Medicine, Department of
Neurosurgery, Denizli, Turkiye, e-mail: ercoskun@yahoo.com (https://orcid.org/0000-0002-2816-
0722)



