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Objective: The aim of this study is to evaluate the diagnostic accuracy of infection-related biomarkers in high-risk lower limb injury
patients with fracture-related infection (FRI) caused by high-/low-virulence microorganisms.

Methods: This study was a retrospective analysis of patients with high-risk lower extremity fractures (including tibial plateau,
calcaneus, and Pilon fractures) who underwent open reduction internal fixation (ORIF) surgery from January 2017 to February 2022.
Peripheral blood samples were collected within 24 hours of admission, and the following information was evaluated: gender, age,
BMI, smoking, comorbidities, injury information, surgical details, values for serum C-reactive protein (CRP), erythrocyte sedimenta-
tion rate (ESR), as well as neutrophil-to-lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio (MLR), and platelet-to-lymphocyte
ratio (PLR).

Results: A total of 576 patients receiving lower extremity fracture surgery were included in this study. Fifty-one patients (8.85%) were
identified as FRI, and 28 (54.9%) of these 51 cases were further classified as high-virulence group. The median levels of CRP, ESR, NLR,
and MLR were significantly higher in the FRI group than in the non-FRI group (p < 0.01). Similarly, the marginally significantly higher
levels of CRP and NLR presented in the high-virulence group, compared to the low-virulence group (p < 0.1). The AUC areas of CRP,
NLR, and CRP+NLR were 0.826, 0.650, and 0.873, respectively. We calculated the optimal cut-off points for CRP+NLR as diagnostic
markers of high-virulent infection was 0.377.

Conclusion: This study showed the incidence of FRI in high-risk lower extremity fractures was 8.9%, and identified preoperative
serum biomarkers, including CRP, ESR, NLR, and PLR, as useful tools for assisting in the diagnosis of infection. Additionally, the
combination of CRP with NLR played a discriminating clinical role in postoperative infections caused by different virulence.

Level of Evidence: Clinical study.

Keywords: high-risk lower extremity fractures, fracture-related infection, high- / low-virulence, serum inflammatory biomarkers,
receiver operating characteristic

Introduction
Postoperative infection after orthopedic surgery is a serious complication, which affects the therapeutic effect of clinical
functions. Moreover, infection prolongs the hospitalization time and costs abundant economic consequences for patients.'
Especially, for some high-risk lower extremity fractures (including the tibial plateau, calcaneal, and Pilon fractures), the
infection rate has reached 16% even if multi-stage and antibiotic treatments are performed.” In order to standardize
clinical research and improve the quality of published literature, the consensus definition of fracture-related infection
(FRI) was achieved under an expert group consisting of scientific and medical organizations.’

Hence, early diagnosis and treatment of FRI among high-risk fractures are particularly important. At present,
laboratorial inflammatory markers, such as white blood cell count (WBC), C-reactive protein (CRP) and erythrocyte
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sedimentation rate (ESR), are economical, handy and widely available to present preoperative information. In addition,
previous studies recommended preoperative neutrophil lymphocyte ratio (NLR), monocyte lymphocyte ratio (MLR) or
platelet lymphocyte ratio (PLR) was associated with high probabilities of infections.*”> However, these biomarkers seem
to be short of sensitivity and identification when the microbiological result shows the existence of single low-virulence
organisms from sinus drainage or operative proceed.®® In fact, the varied potential for pathogenicity microorganisms
might cause different levels of host inflammatory response and clinical manifestation.

Until now, relevant clinical reports in orthopedic trauma remained blank. Therefore, our study aims to evaluate the
diagnostic accuracy of infection-associated biomarkers for FRI caused by microorganisms with high-/low-virulence,

among patients with high-risk lower limb injuries.

Materials and Methods

Study Design

With institutional review board approval, the operation performed by the same expert team was retrospectively reviewed
for all patients undergoing open reduction and internal fixation (ORIF) from January 2017 to February 2022.

Inclusion criteria for enrollment were as follows (1) Over 18 years old; (2) Imaging diagnosis of a tibial plateau/
calcaneus / Pilon fracture; (3) Conforming to the definition of high-risk lower extremity fractures, which involved with
a delayed definitive treatment at >3 days after the injury/a multistage treatment due to a soft tissue problem;”'® (4)
follow-up more than a year. Exclusion criteria included (1) Open or pathologic fractures at the surgical site; (2)
Incomplete medical records; (3) Evacuation from this study during follow-up (Figure 1).

Perioperative Treatments

Within 24 hours after admission, all peripheral venous blood from patients were collected and then transported for
laboratorial testing within an hour. All blood samples underwent anticoagulated and processed in a blood analyze
machine in our institution for the blood cell counts, differential counts of leukocytes, serum ESR and CRP. We also
calculated the NLR, PLR and MLR, which was defined as the ratio of the neutrophil, platelet and monocyte count to

lymphocyte count, retrospectively.

Consecutive 1237 patients were reviewed for eligibility
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Figure | Flow diagram of the study design.
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After admission, patients underwent anticoagulant therapy with 4100 u (0.4 mL) of nadroparin calcium per day until
the operation and the subsequent treatment involving the same dosage after wound closure. A routine ultrasound
examination of both lower limbs before days 10 were needed or earlier if there was any clinical suspicion of thrombotic
event.

All patients received prophylactic use of 1.5 to 3 g of cefuroxime on the basis of weight within 2 hours preoperatively
(clindamycin if allergic to penicillin). Surgical technique including temporary external fixations (if necessary) and ORIF
was performed by a same professional team. Worth mentioning that all patients were instructed to follow the same
principle on wound care and physical exercises.

The following clinical data for each patient was extracted from electronic records: gender, age, BMI, smoking
comorbidities including hypertension, diabetes mellitus and coronary heart disease, injury site, injury type, injury severity
score (ISS), time to surgery, ASA classification and surgical details (blood loss, operative time and drainage use).

Participants Allocation

During follow-ups, we referred the confirmatory FRI, which further described in the previous study by Goormans et al.'!
FRI consisted of postoperative infections within one year that met at least 1 of the following conditions: (1) Clinical signs
including the presence of a fistula, sinus, wound breakdown or purulent exudation, (2) Confirmed pathogens by culture
results from at least two separate deep tissue/implant specimens during paracentesis or operations. Based on this, patients
were separated into two groups: the FRI group and the non-FRI group.

For further analysis, each FRI case was taken at least two microbiological specimens from distinct suspected sites
according to standardized guidelines.'? Of note, every sample was stored in a new sterile instrument each time and sent
instantly with retrieved implants to the laboratory within 30 minutes after execution.

In all FRI cases, the pathogens were separated in high-virulence pathogens: Staphylococcus aureus (including
methicillin-resistant Staphylococcus aureus), Pseudomonas, Enterococci, Streptococci and Enterobacteriaceae and low-
virulence pathogens: Propionibacterium, coagulase-negative Staphylococci and Cut bacterium spp.

Polymicrobial infection combined with high- and low-virulence pathogens was assigned to the high-virulence group.
If microbiological results presented negative, cases can be determined based on clinical features such as the type of
surgical incision, antibiotics used before surgery, and clinical symptoms.

Statistical Analysis

This study was analyzed using statistics software SPSS (version 26.0, Chicago, IL). The Shapiro—Wilk test was used to
evaluate the continuous variables of a normal distribution. Descriptive data were presented as mean + standard deviation
(SD) for normally distributed continuous variables or median and interquartile range (IQR) for non-normally distributed
data, and frequency (percentage) for enumeration variables. The statistical differences for continuous data between or
among two were compared using the independent sample #-test, while the Mann—Whitney U-test was used to analyze the
numerical variables with non-normal distribution or unequal variance. The chi-squared test and Fisher’s exact test (if any
variable less than 5) were used to analyze the enumeration data.

Then, we generated receiver operating characteristic curves to evaluate the clinical role of combined indicators. In
order to create a more considerable and adequate model, we introduced the clinical factors which p value less than 0.1
among the high- and low-virulence comparison. The sensitivity, specificity, and area under the curve (AUC) were further
analyzed the differential diagnostic value. In addition, the Youden index provided the optimal predictive cutoffs for the
tested markers. A p value of <0.05 was considered statistically significant.

Results

Baseline Data

In general, a consecutive cohort of 1237 patients who underwent lower extremity fracture surgery in our trauma center
were reviewed and finally 576 cases were enrolled in this study (Figure 1). According to the confirmative FRI definition,
they were divided into two groups: the non-FRI group (n = 525) and the FRI group (n = 51). The endpoint of follow-up
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assessments was February 1st 2023. Overall, these patients had similar clinical data and operative details in gender, age,
BMI, smoking, comorbidities, injury site, injury mode, ISS, time to surgery, ASA class, blood loss, operative time, and
drainage use (p > 0.05, Table 1).

Biomarkers and Microbiology Characteristic
The data of five biomarkers were evaluated for normal distribution using the Shapiro—Wilk normality test. The results
showed that none of the data followed a normal distribution (Table 2).

Table 1 Demographics and Clinical Characteristics of FRI and Non-FRI Patients

Variable Non-FRI Group (n=525) | FRI Group (n=51) | p-value?
Gender, male, n (%) 386 (73.5) 35 (68.6) 0.452
Age, yrs, mean + SD 47.0£11.8 47594 0.753
BMI, kg/m”2, mean + SD 26.14.1 26.9+4.8 0.184
Tobacco use, n (%) 74 (14.1) 12 (23.5) 0.071
Comorbidities, n (%)
Hypertension 38(7.2) 4 (7.8) 0.780
Diabetes mellitus 30 (5.7) 5(9.8) 0.224
Coronary heart disease 17 (3.2) 2 (3.9) 0.681
Injury site, n (%) 0.217
Tibial plateau 336 (64.0) 37 (72.5)
Calcaneus 129 (24.6) 7 (13.7)
Pilon 60 (11.4) 7 (13.7)
Injury type, n (%) 0.249
High-energy 317 (60.4) 35 (68.6)
Low-energy 208 (39.6) 16 (31.4)
ISS, points, n (%) 0.632
0 pt 487 (92.8) 46 (90.2)
I pt 36 (6.9) 5(9.8)
4 pts or greater 2 (0.4) 0
Time to surgery, days, mean + SD 5.8+2.0 59+1.3 0.797
ASA classification, n (%) 0.069
| 446 (85.0) 38 (74.5)
Il or greater 79 (15.0) 13 (25.4)
Blood loss, mL, mean *+ SD 201.4x114.5 197.5+102.5 0.803
Operative time, min, mean + SD 116.1+64.1 125.5+45.4 0.335
Drainage use, n (%) 369 (70.3) 34 (66.7) 0.590

Note: *Chi-squared analysis and Student’s t-test were performed to analyze categorical and continuous variables compar-
isons, retrospectively.
Abbreviations: SD, standard deviation; ISS, injury severity score; ASA, American society of Anesthesiologists.

Table 2 Distribution Tests Regarding Serological Levels of the
Inflammatory Biomarkers

Inflammatory Biomarkers | Shapiro-Wilk W P value*
CRP (mg/l) 0.89 <0.001*
ESR (mg/l) 0.98 0.021*
MLR 0.94 <0.001*
NLR 0.97 0.001*
PLR 0.97 0.001*

Note: *Shapiro-Wilk normality test. *Denotes statistical significance with p<0.05.
Abbreviations: MLR, monocyte-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte
ratio; PLR, platelet-to-lymphocyte ratio.

3366 e International Journal of General Medicine 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove

Xu et al

Table 3 Comparison of Serum Inflammatory Biomarkers in the FRI/ Non-FRI

Variables Non-FRI (n=252) FRI (n=51) p-valuet
Median CRF, mg/l (IQR) 7.73 (4.92-11.35) 24.89 (18.39-28.54) <0.001*
Median ESR, mg/l (IQR) 21.45 (16.43-26.84) 28.15 (23.01-35.33) <0.001*
Median MLR (IQR) 0.2 (0.14-0.26) 0.33 (0.25-0.47) <0.001*
Median NLR (IQR) 2.69 (1.81-3.55) 5.18 (4.65-6.06) <0.001*
Median PLR (IQR) 149.43 (118.13—195.55) | 185.28 (133.24-224.50) 0.067

Note: ¥Mann-Whitney U-test. *Denotes statistical significance with p<0.05.
Abbreviations: CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; MLR, monocyte-to-lymphocyte
ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; IQR, interquartile range.

Table 4 Comparison of Serum Inflammatory Biomarkers in the High-/Low-virulence Groups

Variables Low-Virulence (n=23) High-Virulence (n=28) p-value*
Median CRP, mg/l (IQR) 18.62 (14.82-24.99) 27.96 (22.95-29.93) <0.001*
Median ESR, mg/l (IQR) 25.54 (23.5-29.2) 30.03 (23.0-35.75) 0.264
Median MLR (IQR) 0.32 (0.26-0.42) 0.33 (0.24-0.50) 0.454
Median NLR (IQR) 4.87 (4.27-5.50) 5.29 (4.76-6.37) 0.068*
Median PLR (IQR) 163.74 (135.86-202.6) 199.42 (116.15-247.50) 0.256

Note: *Mann—Whitney U-test. *Denotes statistically marginal significance with p<0.1.
Abbreviations: CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; MLR, monocyte-to-lymphocyte ratio; NLR,
neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; IQR, interquartile range.

In the comparison of serum inflammatory biomarker levels between the FRI and non-FRI groups, as shown in
Table 3, the median levels of CRP, ESR, NLR, and MLR were significantly higher in the FRI group than in the non-FRI
group (p < 0.01), while PLR did not differ significantly between the two groups (p > 0.05).

Of all the included cases of infection, 23 cases (45.1%) were classified as the low-virulence group, and 28 cases
(54.9%) were classified as the high-virulence group. The most common and correlated microorganisms causing the
infections were Staphylococcus aureus (19 cases), followed by Coagulase-negative staphylococci (14 cases),
Streptococci (5 cases), Propionibacterium acnes (4 cases) and Enterobacteriaceae (2 cases).

In the comparison of serum inflammatory biomarker levels between the high- and low-virulence groups, the median
levels of CRP and NLR were significantly higher in the high-virulence group than in the low-virulence group (p < 0.1),
while the other three biomarkers did not differ significantly between the two groups (p > 0.05, Table 4 and Figure 2).

The effectiveness of discrimination of the inflammatory biomarkers was analyzed, and the results showed that the
AUC areas of CRP, NLR, and CRP+NLR were 0.826, 0.650, and 0.873, respectively, indicating that the combined
indicators had the highest diagnostic value (Table 5 and Figure 3). Using the method described by Youden, we calculated
the optimal cut-off points for CRP+NLR as diagnostic markers of high-virulent infection was 0.377.
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Figure 2 The violin plot shows the distribution of serum CRP and NLR levels in high-/low-virulence groups. The black line in the center indicates the median, the dashed
lines above and below indicate the range of data, and the width of the violin indicates the density of data within that range.
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Table 5 The Diagnostic Value of Serum Biomarkers

Valuable CRP NLR CRP + NLR
Sensitivity 0.735 0.634 0913
Specificity 0.824 0.8 0.75

PPV 0.893 0.929 0.75

NPV 0.609 0.348 0913

LR+ 8.333 13 3

LR- 0.643 1.875 0.095
Cut-off value* 18.77 4.39 0.377

AUC (95% Cl) 0.826 (0.716-0.936) | 0.650 (0.498-0.802) | 0.873 (0.776-0.972)
Youden index 0.502 0.277 0.663

Note: *The optimal cut-off value was obtained by calculating the maximum Youden index (sensitivity +
specificity — ).

Abbreviations: CRP, C-reactive protein; NLR, neutrophil-to-lymphocyte ratio; PPV, positive predictive
value; NPV, negative predictive value; LR, likelihood ratio; AUC, area under curve; Cl, confidence interval.

Discussion
Fracture-related infection is a common and serious complication in trauma surgery.” The infection rate of closed fracture
after internal fixation is 1%, while the infection risk of severe open fracture is 15-55%.'% At present, with the visible
improvement of the trauma emergency system worldwide, the effect of early treatment has made great progress.
However, a previous literature reported that postoperative infection was closely connected with the use of implants
during operation, and the related infection caused by implants led to the failure of internal fixation, which increased the
percentage of revision operations.'* Immune rejection will present after implant fixation, and biofilm will generate
around the steel plate. Unfortunately, systemic application of antibiotics cannot resist and destroy the biofilm. Therefore,
early detection and evaluation are of great importance to improve the prognosis of patients with high-risk factors.
Fisher et al reported that a higher NLR on admission was related with higher fracture presence, postoperative
myocardial events and infection rate.'” In addition, Tekin et al observed that preoperative NLR and MLR were
independent risk factors in mortality within a year after surgery.'® Our study showed significant higher serum biomarkers
(CRP, ESR, MLR and NLR) among the confirmative FRI patients, which was consistent with previous studies.*'*'>
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Figure 3 ROC of the CRP, NLR and CRP+NLR for high- /low-virulence FRI diagnosis.
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Given the strong suggestion investigating the laboratory evidence of microorganisms, Metsemakers et al highlighted that
positive bacterial cultures in more than two different locations were recognized as the gold standard for the confirmative FRL."”
Wang et al reported that infection diagnosis was established when at least 5 specimens were collected around the implant for
microbiological examination, and at least 2 specimens thereof were cultured with the same bacteria.'® Holinka et al took at
least 3 peri prosthesis soft tissue samples from the inflammation area during the operation, as well as joint fluid extraction for
identification of pus, gram staining and bacteriological culture.'® In this study, we performed the collection of microbiological
specimens at least two sites from distinct suspected area following the aseptic principle and sent it to the lab within 30 minutes,
which was conformed to the consensus of the international expert group.’

A multicenter study reported that infections after high-energy lower extremity trauma could up to 23%.2° Related
factors for post-traumatic infection consisted of obesity, open fractures, tobacco use, alcoholism, inadequate debridement
of the fracture site, and malnutrition.”’ Prevention of infection for certain high-risk injury pattern, including tibial
plateau, Pilon, and calcaneus fractures, is quite vital. We referred previous descriptions of “high-risk fractures”, which
involved with fractures requiring planned surgical delay or staged fixation due to soft-tissue concerns.”*** Hence, we
investigated the prediction value of serum biomarkers in regard of FRI details among high-risk lower extremity fractures,
which was not mentioned in other literatures.

Laboratory inflammatory tests are generally low-cost and widely available. However, to our knowledge, there is
limited research on the predictive role of preoperative inflammatory biomarkers in high-risk lower extremity fracture-
related infections, particularly in relation to microbial type or virulence. In this study, we found that the levels of CRP
and NLR were influenced by the virulence of the microorganisms causing FRI. Similarly, in studies on periprosthetic
joint infections (PJI) in the hip, knee, and shoulder, CRP has been considered a diagnostic tool for both high-virulent and
low-virulent microbial PJL.*** This may be attributed to the fact that high-virulent microorganisms induce acute
planktonic infections that trigger a robust inflammatory response characterized by the release of cytokines and elevation
of CRP levels, whereas low-virulent microorganisms rapidly adhere to implant surfaces and form biofilms, enabling them
to evade the host immune system and leading to reduced inflammation.?® Several studies have reported that NLR has the
potential to serve as a more effective serum parameter than CRP and ESR for the early detection of PJI.267

In further performance evaluation, the AUC of CRP, NLR, and CRP+NLR were 0.826, 0.65, and 0.873, respectively,
indicating good accuracy of CRP+NLR in detecting high-/low-virulence FRI. Additionally, we calculated the optimal cutoff
values for CRP, NLR, and CRP+NLR using the Youden index, which were 18.77 mg/lfl, 4.39, and 0.377, respectively, providing
the best balance of sensitivity and specificity for a given continuous biomarker in a single measurement. Furthermore, we found
that CRP+NLR had high sensitivity (89.5%) and specificity (91.5%), indicating good diagnostic efficacy of this combined index.
The single serum CRP showed moderate sensitivity (89%) but lower specificity (61%), consistent with reported sensitivity and
specificity in the literature ranging from 60% to 83% and 34% to 86%, respectively.'®***° The single inflammatory marker NLR
also demonstrated low specificity (35%), indicating poor performance of these diagnostic tests.

The findings of our study have important clinical implications. Preoperative assessment of inflammatory biomarkers
such as CRP+NLR could be used as a simple and inexpensive tool to identify patients at high risk of developing
postoperative infections caused by high-virulence bacteria. Early identification of these patients could lead to more
aggressive prophylactic measures, such as targeted antibiotic therapy or closer postoperative monitoring, which could

potentially reduce the incidence of postoperative infections and improve patient outcomes.

Limitations

This study has several limitations. First, the retrospective design and collection of data from single center may have
limited its academic value. Inversely, the operating room and ward environment were always maintained the same,
preventing many biases in this study. Second, finally, some patients might receive subsequent treatments for FRI at
another trauma center within a year postoperatively, of which we were unaware. Lastly, while we used the same FRI
definition and perioperative guideline, clinical misdiagnosis should still exist, which included some situations when

a patient was infected and did not meet the criteria and vice versa.
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Conclusion

In summary, the infection rate of FRI among high-risk lower extremity fractures was 8.9% and preoperative serum
biomarkers in assisted diagnosis of infection were identified, consisting of CRP, ESR, NLR and PLR. In addition, we
observed that combination of CRP and NLR proved its discriminating clinical role in different virulence. Special
emphasis shall be given that our findings should be achieved in the context of limitations, and the prospective and
multicenter studies will be carried out in the future.

Abbreviations
FRI, fracture-related infection; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; MLR, monocyte-to-
lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.
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