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Objective: This study aimed to investigate the risk factors for surgical site
infection (SSI) after percutaneous kyphoplasty (PKP) and evaluate the
application value of the preoperative C-reactive protein (CRP)-to-albumin ratio
(CAR) in predicting SSI.

Methods: This study retrospectively enrolled 329 patients with thoracolumbar
compression fractures who underwent PKP in the Affiliated Hospital of Qingdao
University from January 2019 to June 2024. The demographic information,
surgery-related data and laboratory examination results of the patients were
collected. According to these results, the patients were divided into SSI and non-
SSI groups, and the results were compared and analyzed. The receiver operating
characteristic curve was used to determine the optimal cutoff value of
preoperative CAR for predicting SSI, and binary logistic regression analysis was
employed to evaluate the predictive value of CAR for SSI. The risk factors of SSlin
the thoracolumbar subgroup were further explored.

Results: The study enrolled a total of 329 patients, and SSI occurred in 29 (8.81%).
The optimal cut-off value of CAR was 0.1213, and the area under the curve was
0.808 (P < 0. 001). The results showed that SSI rates were related to the surgical
site, and the SSI rate in the lumbar spine was higher than that in the thoracic
spine. The SSI group had a longer surgical duration and more operated segments.
The levels of preoperative CRP, CAR, procalcitonin and erythrocyte
sedimentation rate (ESR) were higher; however, serum albumin levels were
lower. More patients had CAR >0.1213 (75.86% vs 25.33%) and white blood cell
(WBC) >10*10° (27.59% vs 10.00%). In addition, no significant differences were
found by the other demographic data and laboratory examinations between the
two groups. In the binary logistic regression analysis, preoperative CAR was an
independent risk factor for post-PKP SSI, and the SSI risk increased by 7.464
times in patients with CAR >0.1213. The number of operated segments, surgical
duration, and ESR were also independent risk factors for SSI, whereas serum
albumin is a protective factor.
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Conclusion: Preoperative CAR is an effective predictor of post-PKP SSI, which
can be used for clinical prevention and reduction of SSI risk.
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C-reactive protein-to-albumin ratio, lumbar vertebral compression fracture, thoracic
vertebral compression fracture, percutaneous kyphoplasty, surgical site infection,
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1 Introduction

As the global population aging accelerates and human lifestyles
change, the increasing incidence of age-related osteoporosis and
vertebral compression fractures becomes a severe public health
challenge. According to the epidemiological survey, the incidence of
thoracolumbar vertebral compression fractures in older people in
China is as high as 14.2% (Oei et al., 2018).

Percutaneous kyphoplasty (PKP) is a widely performed treatment
for thoracolumbar compression fractures, owing to its simplicity,
safety, and relatively high cost-effectiveness. By quickly reinforcing
and stabilizing the fractured vertebra, PKP helps restore its weight-
bearing function, alleviate pain, and significantly improve the quality of
life (Boonen et al., 2011; Papanastassiou et al., 2012; Zhu et al., 2022).

However, the widespread adoption of a surgical technique is
bound to draw significant attention from doctors and patients to its
complications. A literature review revealed a low risk of surgical site
infection (SSI) in patients who underwent PKP, with an incidence
of 0.36% (Park et al., 2018). However, the consequences of post-
PKP SSI are often unpredictable and catastrophic, which has a
serious effect on the patient and his/her family and even requires a
second operation, which is associated with serious trauma and
financial burden to the patient.

Identifying the associated factors is the most economical way to
prevent or minimize such adverse events, allowing for the stratification
of individual risk and the implementation of targeted preventive
actions. At present, an increasing number of studies worldwide
emphasize that clinical judgment alone cannot be relied on to
develop more accurate risk prediction tools because of its subjectivity
and lagging performance or signs (Ziegler et al., 2022). Unfortunately,
currently, no well-established risk prediction system has been
specifically designed to assess the occurrence of post-PKP SSL

The C-reactive protein-to-albumin ratio (CAR) has been
proven to have value in predicting clinical outcomes or
postoperative complications in various diseases, such as ST-
segment elevation myocardial infarction (Askin et al, 2020),
Guillain-Barre syndrome (Ning et al., 2021), gastrointestinal
cancer (Goulart et al., 2018; Alkurt et al., 2022), urothelial cancer
(Uchimoto et al., 2024), hepatocellular carcinoma (Ren et al., 2019;

Abbreviations: BMI, body mass index; CRP, C-reactive protein; CAR, C-reactive
protein-to-albumin ratio; ESR, erythrocyte sedimentation rate; WBC, white blood
cell; RBC, red blood cell; FBG, fasting blood glucose.
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Mai et al, 2024), lung cancer (Jia-Min et al., 2022), joint or
musculoskeletal disease (Li et al., 2017; Capkin et al, 2021;
Pamukcu and Duran, 2021; Wu et al., 2023), and so on.

To our best knowledge, no study has investigated the role of
CAR in predicting post-PKP SSI. Accordingly, this study aimed to
determine the risk factors for the occurrence of post-PKP SSI for
thoracolumbar compression fractures and evaluate the utility of
CAR in predicting SSI using binary logistic regression analysis with
adjustments for various confounders.

2 Materials and methods
2.1 Patient selection

We conducted a retrospective cross-sectional study based on
data from 362 patients who underwent PKP for thoracic or lumbar
vertebral compression fractures between January 2019 and June
2024 in the Affiliated Hospital of Qingdao University. The study
was approved by the Ethics Committee of the Affiliated Hospital of
Qingdao University. Exclusion criteria were patients with missing
clinical indicators (n = 18), missing laboratory examinations (n =
10), and patients with metastatic vertebral body tumor (n = 5). A
total of 329 patients were included in our analysis, and patients with
active infections or those receiving antibiotics within 7 days
preoperatively were explicitly excluded. All procedures followed
institutional protocols for preoperative skin disinfection,
intraoperative aseptic techniques, and postoperative wound care
to standardize perioperative management. Based on the clinical
signs, blood biochemical, and microbiological examinations, all
patients enrolled in the study were divided into two groups: the
SSI and the non-SSI groups. According to the sample size formula
of Logistic regression, only 60 samples were needed to detect the
effect size of OR=7.464 (0. = 0.05, power = 80%), and the current
sample size (329 cases) was far beyond the demand.

2.2 Confirmation of SSI

The diagnosis of SSI was based on the Centers for Disease
Control and Prevention Guideline for the Prevention of Surgical
Site Infection (2017 version) (Berrios-Torres et al., 2017). SSI was
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defined as infection that occurred in the surgical incision and
surrounding tissues within 30 days of surgery. SSI could be
further divided into superficial SSI, deep SSI, and organ or
interstitial space infection. Superficial SSI was defined as skin and
subcutaneous tissue infection occurring within 30 days after
surgery. The clinical signs included local redness, swelling, heat,
pain or purulent discharge of the incision. Positive bacterial culture
was the main basis for diagnosis. Deep SSI referred to infection that
occurred within 1 year after implant surgery, involving deep tissues
of the incision (such as deep fascia and muscle). Clinical signs
included drainage of pus from deep part of the incision or fever
>38°C, and positive bacterial culture also supported the diagnosis.
Organ or lacunar infection was defined as occurring within 30 days
postoperatively without implants or within 1 year after surgery with
implants. The infection involved organs or lacunar spaces outside
the surgical incision. Clinical signs may include drainage of pus or
evidence of infection on imaging examination. The diagnosis of SSI
not only depended on clinical manifestations, but also included
microbiological examination, among which positive bacterial
culture was an important basis for the diagnosis of SSI. Based on
the above criteria, we screened for cases of SSI after PKP.

2.3 Demographic data

All patients’ age, sex, body mass index (BMI), hypertension,
diabetes mellitus, tobacco use, drinking history, surgical site,
surgical duration, the number of operated segments, and
preoperative body temperature were recorded and collected. BMI
was calculated as follows: BMI = weight/height2 (kg/m2). Patients
who had smoked or consumed alcohol at least once per month
during the past 6 months before the index operation were
considered current smokers or drinkers (Liao et al., 2018).

2.4 Laboratory examinations

Preoperative biochemical data of venous blood samples were
collected. Preoperative laboratory biomarkers included preoperative
CRP, serum albumin, procalcitonin, erythrocyte sedimentation rate
(ESR), white blood cell (WBC), neutrophil, lymphocyte, red blood
cell (RBC), hemoglobin, platelet, and fasting blood glucose (FBG). If
a patient had multiple preoperative measurements of a biochemical
biomarker, the one closest to the surgery was selected for analysis to
minimize potential time-dependent confounding effects.

2.5 Statistical analysis

All analyses were performed using IBM SPSS Statistics for
Windows version 27.0 (IBM Corp., Armonk, NY USA). The
normality of the distribution of the measurement data was
evaluated by the Kolmogorov-Smirnov test. Continuous normally
distributed variables were expressed as mean + standard deviation,
and categorical variables were expressed as percentage (%). The
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clinical continuous variables were compared between the cohorts
using Student’s t-test. The clinical categorical variables were
assessed by chi-square test.

The receiver operating characteristic (ROC) curve was
constructed to determine the optimal cut-off value of CAR for
predicting the possibility of SSI, when the specificity plus sensitivity
was maximum. The area under the curve (AUC) was calculated to
evaluate the discrimination ability. According to the optimal cut-off
value, patients were divided into high and low CAR groups to form
a set of categorical variables for the chi-square test. In order to
evaluate the stability of the model and the confidence interval of
parameter estimates, the Bootstrap resampling method was used to
internally validate the prediction model (Harrell, 2001).

The factors with P-values <0.05 selected in Student’s t-test and
chi-square test were further incorporated into the dichotomous
logistic regression analyses (Iasonos et al., 2008). To determine the
significant and independent risk factors associated with SSI,
dichotomous logistic regression analysis (stepwise regression
analysis method) was also performed to calculate odds ratios and
95% confidence intervals. A P-value <0.05 was considered
statistically significant.

3 Results
3.1 Demographic data

In total, 329 patients (mean age, 68.73 * 6.72 years; 90 male and
239 female) were enrolled in the study. Of these patients, 137
(41.64%) had hypertension, 62 (18.84%) had diabetes mellitus, 16
(4.86%) had a history of tobacco use, and 14 (4.26%) had a history
of drinking. Among them, 109 (33.13%) patients underwent PKP
for lumbar compression fractures and 220 (66.87%) for thoracic
vertebrae. The mean BMI was 24.48 + 3.55 kg/m2. The mean
surgical duration was 53.42 + 24.14 minutes, and the mean number
of operated segments was 1.15 + 0.38. The mean CRP was 3.89 +
3.85 mg/L, and the mean serum albumin was 39.16 + 3.39 g/L. As
shown in Figure 1, the optimal cut-oft value of CAR was 0.1213,
corresponding to a sensitivity of 0.759 and a specificity of 0.747, and
the area under the curve was 0.808 (95% CI, 0.718-0.898; P <.001).
In this study, 98 patients with a CAR of 0.1213 or higher. Additional
demographic data and blood biochemical data of the enrolled
patients are presented in Table 1.

3.2 Comparison between the SSI and Non-
SSI groups

SSI was observed in 29 (8.81%) patients, and 300 (91.19%)
patients had no SSI (non-SSI group).

In the SSI group, 14 (48.28%) patients had hypertension, 4
(13.79%) had diabetes mellitus, 1 (3.45%) had a history of tobacco
use, and 2 (6.90%) had a history of drinking. The incidence of SSI
was related to the surgical site. In the SSI group, there were 15
(51.72%) patients with postoperative infection of lumbar
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FIGURE 1

The ROC curve constructed to determine the optimal cut-off for
CAR. The optimal cut-off was 0.1213, corresponding to a sensitivity
of 0.759 and a specificity of 0.747, and the area under the curve was
0.808 (95% Cl, 0.718-0.898; P < 0.001).

compression fractures and 14 (48.28%) patients with postoperative
infection of thoracic vertebrae. Moreover, the SSI group had longer
surgical duration (89.83 + 36.97 vs 49.90 + 19.25 min, P < 0.001)
and more surgical segments (1.59 £ 0.57 vs 1.11 + 0.33, P < 0.001).
In the preoperative blood biochemical indicators, the SSI group had
higher levels of CRP (9.50 + 7.00 vs 3.35 + 2.89 mg/L, P < 0.001),
CAR (0.283 + 0.231 vs 0.085 + 0.075, P < 0.001), procalcitonin
(0.079 £ 0.044 vs 0.039 + 0.019 ng/mL, P < 0.001), ESR (38.76 +
25.95 vs 18.96 + 9.99 mm/h, P < 0.001), and lower levels of serum
albumin (35.37 £ 4.65 vs 39.53 + 3.01 g/L, P < 0.001), as well as a
larger proportion of patients with CAR >0.1213 (75.86% vs 25.33%)
and WBC > 10%109 (27.59% vs 10.00%). In addition, there were no
significant differences in sex, age, BMI, hypertension, diabetes
mellitus, tobacco use, drinking history, preoperative body
temperature, and neutrophil, lymphocyte, RBC, and platelet
count; hemoglobin levels; FBG between the two groups (Table 2).

3.3 Risk factors

The dichotomous logistic regression analyses revealed that CAR
>0.1213 (OR = 7.464; 95% CI, 2.196-25.361; P < 0.001) was
associated with 7.464-fold increased risk of SSI, together with the
number of operated segments (OR = 3.825; 95% CI, 1.131-12.939; P
= 0.031). Surgical duration (OR = 1.05; 95% CI, 1.027-1.073; P <
0.001) and ESR (OR = 1.046; 95% CI, 1.006-1.088; P = 0.023) were
also independent risk factors associated with SSI. Serum albumin was
identified as a protective factor for SSI (OR = 0.782; 95% CI, 0.664-
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Sex (n,%)

Male 90(27.36)

Female 239(72.64)
Age (yr) 68.73 + 6.72
BMI (kg/m?) 24.48 + 3.55
Hypertension (n,%) 137(41.64)
Diabetes mellitus (n,%) 62(18.84)
Tobacco use (n,%) 16(4.86)
Drinking history (n,%) 14(4.26)
Surgical Site (n,%)

Lumbar spine 109(33.13)
Thoracic vertebrae 220(66.87)
Surgical duration (minutes) 53.42 + 24.14
The number of operated segments 1.15 + 0.38

z:;/(:l);)erative body temperature > 37.2°C 37(11.25)

Preoperative blood biochemical indicators
CRP (mg/L) 3.89 + 3.85
Serum albumin (g/L) 39.16 + 3.39
CAR (mg/g) 0.103 + 0.113
CAR 2 0.1213 (n,%) 98(29.79)
Procalcitonin (ng/mL) 0.043 + 0.025
ESR (mm/h) 20.71 + 13.42
WBC > 10°10°/L (n,%) 38(11.55)
Neutrophil > 6.3*10%/L (n,%) 42(12.77)
Lymphocyte < 1.1*10°/L (n,%) 52(15.81)
RBC < Lower limit (n,%) 47(14.29)
Hemoglobin < Lower limit (n,%) 54(16.41)
Platelet > 220*10° (n,%) 185(56.23)
FBG (mmol/L) 5.87 + 1.63

RBC, red blood cell, reference range: females, 3.5-5.0 x 10'%/L; males, 4.0-5.5 x 10'%/L;
Hemoglobin, reference range: females, 110 to 150 g/L; males, 120 to 160 g/L.

0.920; P = 0.003). The results of the dichotomous logistic regression
analyses are shown in Table 3. Bootstrap validation showed that the
OR value of CAR remained stable over 1000 sampling times (mean
OR =7.29; 95% CI, 5.71-8.81), which was highly consistent with the
original model (OR = 7.464) (Figure 2). The Bootstrap mean value of
the model prediction efficiency (AUC) was 0.801 (95% CI, 0.753-
0.857), and the corrected AUC after overfitting correction was 0.797,
indicating that the model had good stability (Figure 3).
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Bootstrap validation showed that the OR value of CAR remained stable over 1000 sampling times (mean OR = 7.29; 95% Cl, 5.71-8.81), which was

highly consistent with the original model (OR = 7.464).

3.4 Subgroup analysis

In the lumbar and thoracic subgroups, univariate regression
analysis showed that the occurrence of SSI was also consistent with
the variables related to SSI in Table 2, and all were significantly
different (Table 4).

Binary logistic regression analysis of subgroups showed that
surgical duration (OR = 1.063; 95% CI, 1.029-1.098; P < 0.001) and
preoperative CRP (OR = 1.409; 95% CI, 1.043-1.903; P = 0.026)
were independent risk factors associated with SSI in the lumbar
spine subgroup. Meanwhile, serum albumin was identified as a
protective factor for SSI (OR = 0.665; 95% CI, 0.481-0.921; P =
0.014). In addition, surgical duration (OR = 1.044; 95% CI, 1.009-
1.079; P = 0.013), the number of operated segments (OR = 8.561;
95% CI, 2.005-36.551; P = 0.004), CAR >0.1213 (OR = 8.861; 95%
CI, 1.603-48.975; P = 0.012), ESR (OR = 1.046; 95% CI, 1.005-
1.088; P = 0.028) and WBC > 10*109/L (OR = 6.005; 95% CI, 1.042—
34.628; P = 0.045) were independent risk factors for SSI in the
thoracic vertebrae subgroup (Table 5).

4 Discussion
This study has some notable findings: preoperative CAR can

predict the occurrence of post-PKP SSI for thoracolumbar
compression fractures with a large correlation (OR = 7.464).

Frontiers in Cellular and Infection Microbiology

Serum albumin is a protective factor for SSI after PKP. In
addition, we found that the more surgical segments, the higher
the risk of post-PKP SSI (1.59 + 0.57 vs 1.11 £ 0.33, P < 0.001). More
surgical segments indicate longer operation time, more blood loss,
and more fluoroscopy times, which are high-risk factors for
postoperative SSI (Meng et al., 2015; Ogihara et al., 2015).

Device implantation surgery is a major factor contributing to
SSI because the interface formed between the implant and human
tissue provides a favorable site for bacterial colonization. At this
interface, bacteria can form a biofilm, which is a complex protective
matrix composed of proteins, extracellular polysaccharides, and
extracellular DNA. This biofilm shields bacteria from attacks by the
host immune system and the effects of antibiotics, thereby
increasing the risk of infection (Bouvresse et al., 2006;
Abdelrahman et al., 2013; Jia-Jia et al., 2018; Park et al., 2018).
Evidently, this stands in direct opposition to the principle of PKP,
which requires the uneven and extensive dispersion of bone cement
within the affected vertebra (Pan et al., 2022). Furthermore, once an
infection occurs, antibiotic therapy alone is often insufficient for
complete eradication. Revision surgery to remove the bone cement
can cause significant trauma and lead to severe complications.
Therefore, establishing effective predictive methods for SSI after
PKP and implementing early interventions are crucial.

CRP is an acute-phase protein, and in 1930, Tillett and Francis
identified proteins responsive to the systemic C-polysaccharide
response of Streptococcus pneumoniae in patients with acute
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TABLE 2 Comparison between SSI group and non-SSI group.

10.3389/fcimb.2025.1565468

Variables SSI Group (n=29) Non-SSI Group (h=300) P-value
Sex (n,%) 0.367
Male 10(34.48) 80(26.67)
Female 19(65.52) 220(73.33)
Age (yr) 70.52 £ 6.31 68.56 + 6.74 0.134
BMI (kg/m?) 24.86 +2.38 24.44 +3.64 0.398
Hypertension (n,%) 14(48.28) 123(41.00) 0.448
Diabetes mellitus (n,%) 4(13.79) 58(19.33) 0.466
Tobacco use (n,%) 1(3.45) 15(5.00) 0.711
Drinking history (n,%) 2(6.90) 12(4.00) 0.461
Surgical Site (n,%) 0.026*
Lumbar spine 15(51.72) 94(31.33)
Thoracic vertebrae 14(48.28) 206(68.67)
Surgical duration (minutes) 89.83 + 36.97 49.90 + 19.25 <0.001*
The number of operated segments 1.59 £ 0.57 1.11 £ 0.33 <0.001*
Preoperative body temperature > 37.2°C (n,%) 6(20.69) 31(10.33) 0.092
Preoperative blood biochemical indicators
CRP (mg/L) 9.50 + 7.00 3.35+2.89 <0.001*
Serum albumin (g/L) 3537 £ 4.65 39.53 +3.01 <0.001*
CAR (mg/g) 0.283 + 0.231 0.085 + 0.075 <0.001*
CAR 2 0.1213 (n,%) 22(75.86) 76(25.33) <0.001*
Procalcitonin (ng/mL) 0.079 + 0.044 0.039 + 0.019 <0.001*
ESR (mm/h) 38.76 + 25.95 18.96 + 9.99 <0.001*
WBC > 10*10°/L (n,%) 8(27.59) 30(10.00) 0.005*
Neutrophil > 6.3*10°/L (n,%) 6(20.69) 36(12.00) 0.181
Lymphocyte < 1.1*10°/L (n,%) 6(20.69) 46(15.33) 0.450
RBC < Lower limit (n,%) 6(20.69) 41(13.67) 0.302
Hemoglobin < Lower limit (n,%) 7(24.14) 47(15.67) 0.240
Platelet > 220*10° (n,%) 17(58.62) 168(56.00) 0.786
FBG (mmol/L) 6.26 + 3.02 583 + 1.42 0.452

*P-value < 0.05.

pneumococcal infection (Seok and Ju, 2020), and it was later named
CRP. CRP is produced in the liver and regulated by several
proinflammatory cytokines, such as interleukin-1, interleukin-6,
and tumor necrosis factor-o. (Rizo-Tellez et al, 2023). Healthy
individuals have low levels of serum CRP, which usually increases in
various inflammation, infection, stress, trauma, surgery, and
tissue injury.

Serum albumin is an essential protein synthesized by
hepatocytes. It not only plays a crucial role in regulating plasma

Frontiers in Cellular and Infection Microbiology

osmotic pressure but also serves as a transporter for various
substances involved in acute and chronic inflammatory processes
(Kayapinar et al., 2019). Its levels are determined by subtle changes
in hepatic synthesis and catabolism, reflecting the immune and
nutritional status of the body. In infection or chronic inflammation,
serum albumin levels decrease. Conversely, a reduction in serum
albumin also indicates a decline in immune function, rendering the
body less resistant to pathogens and more susceptible to infections
(Sheinenzon et al., 2021).
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FIGURE 3

The Bootstrap mean value of the model prediction efficiency (AUC) was 0.801 (95% CI, 0.753-0.857), and the corrected AUC after overfitting

correction was 0.797, indicating that the model had good stability.

TABLE 3 Binary logistic regression analysis risk factors for SSI after PKP.

Variables (O] 95% Cl  P-value
Surgical duration (minutes) 1.050 1.027-1.073 <0.001*
The number of operated segments 3.825 1.131-12.939 0.031*
Serum albumin (g/L) 0.782 0.664-0.920 0.003*
CAR 2 0.1213 (n,%) 7.464 2.196-25.361 <0.001*
ESR (mm/h) 1.046 1.006-1.088 0.023*

*P-value < 0.05.

However, CRP is a nonspecific marker of inflammation, that is,
it is not only elevated in response to infection. A variety of other
conditions, such as inflammatory diseases, autoimmune diseases,
tumors, and cardiovascular diseases, may lead to elevated CRP
levels (Orr et al., 2018; Mouliou, 2023). False-negative results may
occur when its serum concentration is low (Zimmerli and Moser,
2012). In addition, owing to the relatively long half-life of serum
albumin, its levels do not exhibit a clear correlation with the body’s
condition before infection or the acute inflammatory response (Shi
et al, 2021). Therefore, when CRP or serum albumin is used
independently as a preoperative predictor of postoperative SSI,
the results are often unsatisfactory.

Frontiers in Cellular and Infection Microbiology

CAR, as a novel indicator, combines the advantages of CRP and
serum albumin. It reflects not only the inflammatory status of the
body but also its nutritional status (Kaplan et al., 2017). Thus, CAR
demonstrates better predictive performance than single variables,
reducing the errors associated with CRP or albumin alone (Giines
et al,, 2021). Currently, several studies have validated CAR as a
useful prognostic indicator for conditions such as myocardial
infarction, cancer, or emergency abdominal surgery (Simpson
et al,, 2018; Askin et al,, 2020; Alkurt et al., 2022). In summary,
CAR can serve as a more reliable biomarker for predicting the
severity and prognosis of various diseases.

However, the optimal cut-off value selected according to the
ROC curve is often inconsistent or even very different in predicting
the risk of developing different diseases or complications. For
example, Konishi et al (Konishi et al,, 2019) used 0.05 as the
optimal cut-off value to predict overall survival in metastatic renal
cell carcinoma, whereas Capkin et al (Capkin et al., 2021) selected
2.49 as the optimal cut-off value to predict mortality for elderly
population who undergo hemiarthroplasty due to hip fracture. In
addition, the prediction of disease by preoperative CAR does not
necessarily apply to other different types of diseases, and some
researchers have suggested that early postoperative CAR rather than
preoperative CAR is more applicable (Donlon et al., 2020). For
example, Liu et al (Liu et al., 2022) proposed using the CAR on
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TABLE 4 Comparison between thoracic and lumbar subgroups.

Thoracic vertebrae (n=220)

Lumbar spine (n=109)

Variables ss Non-SSl ss| Non-SS!

Group (n=15)  Group (n=94) FRUEILE Group (n=14)  Group (n=206) FRUEILE
Sex (n,%) 0.354 0.573
Male 5(33.33) 21(22.34) 5(35.71) 59(28.64)
Female 10(66.67) 88(77.66) 9(64.29) 147(71.36)
Age (yr) 7033 + 6.24 67.77 + 7.04 0.186 70.71 + 6.62 68.92 + 6.59) 0.324
BMI (kg/m?) 2534 + 278 24.66 + 3.68 0.497 2435 + 1.83 2434 +3.63 0.991
Hypertension (n,%) 7(46.67) 41(43.62 0.825 7(50.00) 82(39.81) 0.452
Diabetes mellitus (n,%) 2(13.33) 13(13.83) 0.959 2(14.29) 45(21.84) 0.504
Tobacco use (n,%) 0(0.00) 6(6.38) 0.314 1(7.14) 9(4.37) 0.630
Drinking history (n,%) 1(26.67) 6(6.38) 0.967 1(7.14) 6(2.91) 0.383
Surgical duration (minutes) 95.00 + 41.75 51.17 + 20.25 0.001* 84.29 + 31.67 49.32 + 18.79 0.001*
The number of operated segments 1.47 £ 0.52 1.13 + 0.34 0.026* 1.71 + 0.61 1.10 + 0.33 0.002*
g;e;lzfr(zﬁl‘;)e) body temperature 4(26.67) 10(10.64) 0.085 2(14.29) 21(10.19) 0.628
Preoperative blood biochemical indicators
CRP (mg/L) 10.15 + 7.97 3.58 +2.74 0.007* 8.80 + 6.02 3.25 + 2.96 0.004*
Serum albumin (g/L) 35.39 + 4.53 39.58 +2.91 0.003* 3536 + 4.94 39.50 + 3.06 <0.001*
CAR (mg/g) 0.306 + 0.268 0.090 + 0.069 0.008* 0.259 + 0.189 0.083 + 0.078 0.004*
CAR = 0.1213 (n,%) 11(73.33) 33(35.11) 0.005* 11(78.57) 43(20.87) <0.001*
Procalcitonin (ng/mL) 0.082 + 0.052 0.041 + 0.018 0.009* 0.077 % 0.036 0.039 + 0.020 0.001*
ESR (mm/h) 37.73 + 23.34) 19.80 + 9.90 0.010* 39.86 + 29.35 18.58 + 10.03 0.018*
WBC > 10*10°/L (n,%) 4(26.67) 8(8.51) 0.037* 4(28.57) 22(10.68) 0.045*
Neutrophil > 6.3*10°/L (n,%) 4(26.67) 9(9.57) 0.058 2(14.29) 27(13.11) 0.900
Lymphocyte < 1.1¥10%/L (n,%) 4(26.67) 14(14.89) 0.254 2(14.29) 32(15.53) 0.900
RBC < Lower limit (n,%) 3(20.00) 14(14.89) 0.613 3(21.43) 27(13.11) 0.380
Hemoglobin < Lower limit (n,%) 2(13.33) 14(14.89) 0.874 5(35.71) 33(16.02) 0.059
Platelet > 220%10° (n,%) 6(40.00) 52(55.32) 0.269 11(78.57) 116(56.31) 0.103
FBG (mmol/L) 7.20 + 3.96 567 + 1.14 0.160 5.25 + 0.80 590 + 1.53 0.120

*P-value < 0.05.

TABLE 5 Binary logistic regression analysis risk factors for SSI after PKP in subgroups.

Lumbar spine

Thoracic vertebrae

Variables
95% ClI 95% CI
Surgical duration (minutes) 1.063 1.029-1.098 <0.001* 1.044 1.009-1.079 0.013*
Th ber of
¢ umber o - - - 8.561 2.005-36.551 0.004*
operated segments
Serum albumin (g/L) 0.665 0.481-0.921 0.014* - - -
CAR > 0.1213 (n,%) - - - 8.861 1.603-48.975 0.012*
(Continued)
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TABLE 5 Continued

Lumbar spine

10.3389/fcimb.2025.1565468

Thoracic vertebrae

Varisbies 95% Cl P-value 95% Cl P-value
ESR (mm/h) - - - 1.046 1.005-1.088 0.028*
CRP (mg/L) 1.409 1.043-1.903 0.026* - - -
WBC > 10*10°/L (n,%) - - - 6.005 1.042-34.628 0.045*

*P-value < 0.05.

postoperative day 1 to predict short-term complications of gastric
cancer surgery.

In the present study, we determined the optimal cut-off of CAR
for predicting SSI after PKP to be 0.1213, equal to or higher than
which was associated with 7.464-fold increased risk of SSI. The
corresponding sensitivity, specificity, and AUC were 0.759, 0.747,
and 0.808, respectively. The strong correlation between a high CAR
and SSI suggests that it has the potential to become an effective
predictive marker for postoperative infections following PKP.
Surgeons can use this value to make informed clinical decisions,
such as delaying surgery, implementing prophylactic anti-infective
measures, or adjusting treatment plans, thereby keeping the risk of
SSI at a relatively low level.

During the course of the study, according to our data, the
incidence of SSI after PKP in lumbar compression fractures (13.8%)
was higher than that in thoracic vertebrae (6.4%). We also reviewed
the literature that spinal surgery close to the lumbosacral region is a
high-risk factor for increasing SSI after spinal surgery (Abdul-
Jabbar et al., 2012). The volume of lumbar vertebral body is
larger than that of thoracic vertebral body (Limthongkul et al,
2010), and the amount of bone cement injected into lumbar
vertebral body is greater than that of thoracic vertebral body
during operation. For this purpose, we also performed analyses of
the lumbar and thoracic subgroups. The results showed that in the
lumbar spine subgroup, compared with the total analysis,
preoperative CRP was an independent risk factor for SSI after
lumbar vertebral compression fracture surgery. In the thoracic
subgroup, WBC > 10*109/L was also a higher risk factor for
postoperative SSI. WBC is also of some value in predicting
certain infectious diseases (Tascini et al., 2020).

5 Limitations

It must be noted that this study has some limitations. First of all,
the inherent limitations of retrospective studies in data collection,
such as data integrity, quality, bias and time sensitivity, and the
confounding effects of some unmeasured or unknown factors in
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binary logistic regression analysis, will negatively affect the accuracy
of research results. While our exclusion criteria removed patients
with active infections or recent antibiotic use, retrospective data
limited our ability to account for variations in preoperative
antibiotic regimens. Future prospective studies should standardize
and document antibiotic protocols to minimize this bias. Secondly,
individual differences in patients, nutritional status, coexisting
diseases, and other factors may affect the levels of CRP and serum
albumin, thereby affecting the interpretation of CAR. Finally, the
number of patients included in this study was relatively small, and
the single-center design compromises the generalizability of the
findings to other settings. Therefore, further large sample
epidemiological data and more comprehensive laboratory
indicators are needed for verification, and prospective multicenter
studies are needed to verify the generalization of the conclusions.

6 Conclusions

In conclusion, our study demonstrated that preoperative CAR
was independently associated with SSI after PKP in thoracolumbar
compression fractures, with a 7.464-fold increased risk. Future
studies should further validate its validity and consider it as a
useful routine tool for predicting the occurrence of SSI after PKP.
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