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Abstract
Purpose To put forward a method for earlier diagnosis of surgical site infection (SSI) after spinal surgery and identify the best
cut-offs of the selective signs.
Methods Ninety cases were prospectively collected in consecutive patients who underwent spinal surgery. The patients were divided
into the SSI group and the normal group. White blood cell (WBC) count, lymphocyte count, serum amyloid A (SAA), procalcitonin
(PCT) and C-reactive protein (CRP) were collected pre-operatively and at three andsix days post-operatively. Erythrocyte sedimen-
tation rates (ESR) were acquired pre-operatively and at six days post-operatively. Body temperature (BT) was measured every day
during hospitalisation. The conditions of the surgical sites were recorded at three and six days post-operatively. Differences of BT, the
conditions of the wound and the values of the inflammatory markers between the two groups were studied. Finally, we used the
receiver operating characteristic curve (ROC curve) to determine the best cut-offs of the selected signs.
Results Ofthe90patients,SSIoccurred insevenandfiveof themreachedadefinitediagnosisofSSIas theirbacterialcultureswerepositive.
Significant differences were found in CRP levels at three and six days post-operatively with a cut-off of > 59.4 mg/L and > 34.9 mg/L,
respectively; ESR level at six days post-operatively with a cut-off of > 51.5 mm/h; PCT at three days post-operatively with a cut-off of >
0.11ng/mL;andBTat threedayspost-operativelywithacut-offof> 37°C.Also,examinationof thewoundisalsoanimportantsignofSSI.
Conclusion CRP, ESR and PCT are considered useful markers for earlier diagnosis of SSI. Combining the above markers with
BT and the wound condition yields more accurate results.
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Introduction

The development of spinal instrumentation and its ability to
provide strong fixation has brought great advantages to spinal
surgery, such as stabilising the spine, reducing the rate of post-
operative pseudarthrosis and correcting spinal deformity.
However, it is also associated with a higher risk of complica-
tions. Surgical site infection (SSI) is one of the most common
complications that surgeons have to contend with. If a small
number of bacteria adhere to the instrumentation, forming a
glycoprotein biofilm on its surface, SSI may occur. In general,
the glycoprotein biofilm is resistant to antibiotics and protects
the bacteria from the body’s immune system and the bacteri-
cidal effects of antibiotics [1]. According to previous studies,
the incidence of SSI ranges from 0.3 to 11.1% after instru-
mented spinal fusion [2–7]. As one of the most serious com-
plications, SSI results in worse clinical outcomes, including
pseudarthrosis, sepsis and even death [8]. Also, patients may
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have to accept prolonged hospitalisation and recovery time,
more surgical site pain, increasing cost of management and
even re-operation. Therefore, early detection and diagnosis of
SSI is necessary for acquiring a better outcome.

Pathogens are the gold standard of diagnosing SSI, but
sometimes, it is difficult to obtain positive results. Therefore,
several studies have focused on the post-operative kinetics of
inflammatory markers and various methods have been de-
scribed to identify the onset of early infection according to
their research [9–17]. However, there are still some limitations
in their studies, as the majority of them only paid attention to
C-creative protein (CRP), erythrocyte sedimentation rate
(ESR), lymphocytes and white blood cell (WBC), but
procalcitonin (PCT) and serum amyloid A (SAA), which were
also significant inflammatory markers in spinal surgery, were
seldom used [18, 19]. Also, clinical symptoms and the condi-
tions of the wound were meaningful signs, which were often
neglected in previous studies. What is more, the diagnosis of
SSI in previous studies was also delayed until seven days or
even later post-operatively [10, 12, 15]. Therefore, the aim of
the present study was to put forward an earlier method for
diagnose of SSI which depends on the selected useful inflam-
matory biomarkers in combination with other clinical symp-
toms and identify the best cut-offs of the selective signs. By
combining meaningful inflammatory markers on days three
and six after spinal surgery and the patients’ clinical symp-
toms together, SSI could be diagnosed earlier.

Materials and methods

Patients

Ninety patients who underwent spinal surgery using internal
fixation were prospectively collected from January 2016 to
November 2017. The exclusion criteria were history of previ-
ous surgery, autoimmune disease, malignancy, recent infec-
tious disease, acquired or inherited immunodeficiency and
liver disease. Diagnosis of SSI was made according to the
criteria of the Centers for Disease Control and Prevention
[20], and at least one of the following was present:

1. Purulent drainage from the deep incision, but not from the
organ/space component of the surgical site.

2. A deep incision spontaneously dehisces or is deliberately
opened by a surgeon when the patient has at least one of
the following signs or symptoms: fever (> 38 °C), localised
pain or tenderness, unless site is culture-negative.

3. An abscess or other evidence of infection involving the
deep incision is found on direct examination, during reop-
eration or by histopathologic or radiologic examination.

4. Diagnosis of a deep incisional SSI by a surgeon or attend-
ing physician.

The follow-up in our study lasted for three months after
surgery. In the meantime, we determined patients with SSI
when they conformed to the above points. Informed consent
was obtained from all individual participants included in the
study, and approval was obtained from the Institutional
Review Board of the Southern Medical University, China.

Assessment

Body temperature (BT) was measured and recorded every day
during hospitalisation. WBC count, lymphocyte count, CRP,
PCT and SAA were collected preoperatively and on days
three and six after surgery. ESRs were detected pre-
operatively and on day six after surgery. The reference value
of each marker was as follows in our hospital: CRP < 5 mg/L,
ESR < 20 mm/1 h, PCT < 0.05 ng/L, SAA< 10 mg/L, 3.5 ×
109 ≤WBC count ≤ 9.5 × 109 and 1.10 × 109 ≤ lymphocyte
count ≤ 3.20 × 109.

Antibiotic treatment

All of the patients received 1 g cefazolin intravenously within
15 minutes of skin incision. If the operation lasted for more
than three hours, another 1 g was administered. After surgery,
an additional 1 g cefazolin was given but limited to the first
day post-operatively. If there existed an allergic reaction,
clindamycin was considered as a secondary choice.

Culture of pathogenic bacteria

In the patients of SSI group, wound swabs were used to detect
the wound drainage after spinal surgery. During debridement,
both wound swabs and wound tissues were used for culture of
pathogenic bacteria. Blood microbiological culture was re-
quired when body temperature was over 38.5 °C.

Statistical analysis

Student’s t test was used to compare means of quantitative
data between the SSI group and the normal group. Chi-
squared test was used to compare the differences of qualitative
data between the two groups. As the biologic markers may be
influenced by surgical conditions, including the volume of
blood loss during surgery, the operative time and range of
surgical levels, partial correlation coefficient was performed
to demonstrate their relationship. Finally, we used the receiver
operating characteristic (ROC) curve to determine the best
cut-offs of the effective inflammatory markers and BT in di-
agnosing SSI. All the statistical analyses were performed with
SPSS 19.0. P value < 0.05 was considered to be statistically
significant.
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Results

Characteristics of the patients

Overall, 90 patients (48 male, 42 female) who met the inclu-
sion criteria were included in the study. The mean age of the
enrolled patients was 53.4 (± 12.4) years. The range of surgi-
cal levels was 1.9 (± 1.3). The mean volume of blood loss was
221.7 (± 151.8) mL, and the mean operative time lasted for 3.4
(± 1.2) hours (Table 1).

Of the 90 patients, SSI occurred in seven and five of them
reached a definite diagnosis of SSI as their bacterial cultures
were positive. We conducted debridement in four, two of
whom had to have their instrumentation removed. The re-
maining patients were treated with antibiotics. However, in
the other two patients in SSI group, they were diagnosed as
SSI by two senior spinal surgeons according to the abnormally
increased value of biomarkers in combination with clinical
symptoms, including redness, swelling or abnormal drainage
of the wound and abnormal body temperature that resulted in
long-term intravenous antibiotic therapy or debridement
though their bacterial cultures were negative (Table 2). All
of the seven patients recovered with their inflammatory mark-
er values returned to normal after therapy.

Comparison between the SSI group and the normal
group

On comparing the demographic data between the two groups,
no significant differences of the factors including sex, age,
operative time, blood loss and comorbidities were found
(Table 3).

The differences of inflammatory biomarkers, BT and ex-
amination of the wound are listed in Table 4. Significant dif-
ferences were found in CRP levels at three and six days post-
operatively (94.5 ± 45.2 mg/L for SSI group and 54.3 ±
42.6 mg/L for normal group on day three post-operatively,

P = 0.001; 64.5 ± 32.9 mg/L for SSI group and 39.6 ±
34.0 mg/L for normal group at six days post-operatively,
P = 0.008) and in PCT three days post-operatively (0.19 ±
0.13 ng/mL for SSI group and 0.12 ± 0.96 ng/mL for normal
group, P = 0.027). Significant differences were also found in
ESR at six days post-operatively (67.4 ± 27.5 mm/h for SSI
group and 42.7 ± 30.7 mm/h for normal group, P = 0.002). In
addition, significant differences were shown in BT three days
and six days post-operatively (37.1 ± 0.7 °C for SSI group and
36.7 ± 0.4 °C for normal group on day three post-operatively,
P = 0.002; 37.2 ± 0.8 °C for SSI group and 36.7 ± 0.7 °C for
normal group on day six post-operatively, P = 0.022). We also
used the correlation test to determine whether the values of
these significant biomarkers were affected by the surgical con-
dition, but no significant differences were found (Table 5).
Redness, swelling or abnormal drainage appeared in seven
patients in the SSI group and 2 in the normal group
(P < 0.001). However, no significant differences were found
in white blood cell count, neutrophil count, neutrophil per-
centage, lymphocyte count and lymphocyte percentage. The
change of these biomarkers and BT with significant differ-
ences is also shown in the figures (Fig. 1).

The best cut-offs of the selective signs

Finally, we used the ROC curve to identify the cut-offs for the
above four biomarkers (Fig. 2). The cut-offs were as follows:
> 59.4 mg/L for CRP at three days post-operatively (sensitiv-
ity 87.5%, specificity 62.5%, area under the curve [AUC]
0.76), 34.9 mg/L for CRP at six days post-operatively (sensi-
tivity 94.1%, specificity 52.3%, AUC 0.73), 0.11 ng/mL for
PCT at three days post-operatively (sensitivity 78.6%, speci-
ficity 61.1%, AUC 0.70), 51.5 mm/h for ESR at six days post-
operatively (sensitivity 80.0%, specificity 68.5%, AUC 0.73),
37.0 °C for BT at three days post-operatively (sensitivity
58.8%, specificity 76.7%, AUC 0.71) and 37.2 °C for BT at
six days post-operatively (sensitivity 52.9%, specificity
71.2%, AUC 0.59).

Discussion

Delayed diagnosis of SSI leads to prolonged hospitalisation
and recovery time, increased surgical site pain, increased cost
of management and even re-operation. Ishii et al. [21] reported
that early diagnosis of SSI could reduce the chance of remov-
ing the implantation. Also, Tsubouchi et al. [22] found that
early treatment of SSI improves implant survival after surgery.
Therefore, earlier diagnosis of SSI is essential for patients to
acquire a better clinical outcome.

CRP, the acute-phase protein produced by the liver in re-
sponse to inflammatory and tissue damage, has been widely
reported and used to diagnose SSI after spinal surgery due to

Table 1 Demographic and surgical data

Age, years (mean) 53.4 (± 12.4)

Sex

Male 48 (53.3%)

Female 42 (46.7%)

Region

Cervical 17 (18.9%)

Thoracic 5 (5.6%)

Thoracolumbar 5 (5.6%)

Lumbar 63 (70%)

Blood loss volume, ML (mean) 221.7 (± 151.8)

Operative time, hour (mean) 3.4 (± 1.2)

Standard deviation (±)
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its rapid response time and high sensitivity [11, 16, 17].
Usually, the values of CRP peak on day three, post-operative-
ly, rapidly decrease from days three to five after surgery and
return to normal values for 14 to 21 days after surgery [11, 13,
14, 16, 17]. Takahashi J et al. [9] reported that renewed ele-
vation of CRP at seven days after spinal surgery could be a
significant signal for SSI. Mok et al. [16] reported that a sec-
ond increase or failure to decrease of CRP after it reached its
peak value may indicate the occurrence of SSI. Another study
of Kang et al. [11] also concluded that an abnormal value of
CRP on days five or seven post-operatively is useful for diag-
nosing SSI. However, in our study, the results were similar to
previous articles. The value of CRP rapidly decreased from
three to six days post-operatively in both groups. More impor-
tantly, significant differences were found between two groups
on these two days. These results express that CRP is a useful
and sensitive biomarker to differentiate SSI from normal sur-
gical tissue damage at the early period after spinal surgery.

Another meaningful biomarker in our study is ESR be-
cause of its significantly higher values for the SSI group in
comparisonwith the normal group. ESR is also an acute-phase
biomarker that reflects an increased concentration of fibrino-
gen in the plasma due to inflammation [19, 24]. After spinal
surgery, ESR usually peaks at five days post-operatively [11,
17]. However, it may take up to six weeks for the value of
ESR to return to baseline [23]. Although several studies have
demonstrated that ESR is not as sensitive as CRP [11, 16, 17,
25], the results in our study show that ESR is also a useful tool
to identify SSI at six days post-operatively and its values do
not correlate with surgical condition. However, ESR may not
be a sensitive biomarker to reflect the recovery of SSI due to
its slower decrease to baseline after spinal surgery. However,
when SSI occurs in patients without previous infection or
surgery, ESR is still an effective biomarker to screen them out.

PCT is another helpful marker in the detection of SSI in our
study. PCT is the calcitonin precursor that reflects inflamma-
tion, and it is widely used in clinical medicine [26, 27].
Nevertheless, few studies have reported the function of PCT
in the field of the spine. Nie et al. [19] demonstrated that PCT
is a reliable biomarker in predicting early post-operative in-
fectious complications, which was even more effective than
CRP. The optimal cut-off value of 0.5 ng/mL had a sensitivity
of 88% to identify SSI. In our study, the value of PCT at
three days post-operatively showed significant differences be-
tween the SSI and normal group, but this condition did not
occur at five days post-operatively. These results show that
PCT is a meaningful detective biomarker in the diagnosis of
SSI in the early post-operative period.

However, biomarkers may be influenced by not only the
occurrence of inflammation but also the surgical conditions,
including the volume of blood loss during surgery, the oper-
ative time and range of surgical levels [10, 16]. Therefore, we
used the correlation test to determine whether the values ofTa
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these significant biomarkers were affected by the surgical con-
dition, but no significant differences were found. These bio-
markers are appropriate indicators to predict the diagnosis of
SSI. Nonetheless, these biomarkers are not specific for
predicting the infection of surgical site. For this reason, the
diagnosis of SSI should be combined with the clinical symp-
toms of the patients. The results in our study showed that BT
and examination of the surgical site were also important for
diagnosing SSI. Some previous studies emphasised the impor-
tance of these two clinical indicators. Takahashi et al. [9]
reported that renewed elevation of body temperature after
post-operative days four to seven may be a critical sign of
post-operative infection. However, the conclusion was based
on only three patients with post-operative infection, which
lacked sufficient strength. The average body temperature of
patients in the SSI group in our study exceeded 37 °C,

meaning that low fever was also a critical sign of SSI in the
early period. The condition of surgical site was another mean-
ingful indicator of SSI. Once redness, swelling of the wound
or abnormal wound drainage from it is detected, close atten-
tion should be paid to determine whether SSI has occurred. In
this way, we can prevent the occurrence of SSI before the
formation of purulent drainage in the wound, which will de-
crease the probability of removing the implants.

Finally, we used the ROC curve to identify the cut-offs for
the above four biomarkers. All the AUC of these biomarkers,
except BT, at six days post-operatively exceeded 0.7, which
indicated that the cut-offs were valuable for diagnosing SSI.
However, the sensitivity and specificity of CRP in our study
are lower than those of previous studies [10]. Iwata et al. [10]
reported that the sensitivity and specificity of CRP were
90.0% and 89.2%, respectively. We believe that the different

Table 4 Difference of biomarkers
between SSI and normal groups Pre-

operatively
3 days -
postoperatively

6 days -
postoperatively

C-reactive protein 0.327 0.001 * 0.008*

White blood cell count 0.148 0.211 0.995

Neutrophil count 0.370 0.359 0.938

Neutrophil percentage 0.915 0.626 0.333

Lymphocyte count 0.089 0.962 0.671

Lymphocyte percentage 0.442 0.335 0.409

PCT N 0.027* 0.383

ESR 0.867 N 0.006*

SAA N 0.176 0.389

Body temperature N 0.002* 0.022*

Examination of the wound (redness, swelling or abnormal
drainage)

N < 0.001* < 0.001*

N indicates that the biomarker was not detected on the day

SSI indicates surgical site infection

*Statistically significant (P < 0.05)

Table 3 Difference of patient and
surgical data between SSI and
normal groups

SSI group (n = 7) Normal group (n = 83) P

Age, years (mean) 51.1 (± 14.5) 53.9 (± 11.2) 0.402

Sex Male 3, female 4 Male 45, female 38 0.565

Operative time, hour (mean) 3.8 (± 1.2) 3.3 (± 1.2) 0.136

Blood loss volume, ML (mean) 232.4 (± 159.0) 219.2 (± 151.1) 0.749

Number of surgical levels (mean) 1.7 (± 0.6) 1.9 (± 1.4) 0.567

Comorbidity

Diabetes mellitus 4 10 0.13

Osteoporosis 5 8 0.13

Hypertension 4 17 1.000

SSI indicates surgical site infection

Statistically significant (P < 0.05)
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time to detect the value of CRP may be one of the reasons.
Iwata et al. detected the value of CRP at seven days post-
operatively, which was later than that of our study. As the
CRP peaks at three days post-operatively and then begins to
decrease to baseline, its value in the normal group at
seven days post-operatively will be lower than that measured
three and six days post-operatively. Because of this, the dif-
ferences of value of CRP are larger between the SSI group and
the normal group in Iwata’s study. Consequently, it improved
the sensitivity and specificity for CRP in his research.
Otherwise, it should also be noted that the sensitivity and
specificity of PCT in our study were lower than that in the
study of Nie et al. [19]. These differences may be attributed to
the following causes: firstly, the inclusion criteria of patients
in his study were patients with acute traumatic spinal cord
injury. As is known, PCT is also an acute-phase biomarker
in response to proinflammatory stimulus. Acute trauma of the
spinal cord may increase the inflammatory cytokines in tissue

and blood, which affects the concentration of PCT. Secondly,
the post-operative infections in his study included urinary tract
infection, deep wound infection and pneumonia, while we
only investigated SSI in our study. Therefore, different infec-
tious complications might also influence the concentration of
PCT. For this reason, the differences of PCT at three days
post-operatively between the SSI group and the normal group
might be smaller. This would decrease the sensitivity and
specificity of PCT in our study.

Although theWBC count and differential had been thought
to be useful in several studies [9, 10], its effect to diagnose SSI
remains controversial. Hadjipavlou et al. [28] reported that
WBC was elevated in less than 50% of SSI cases, which
was found to be an unreliable diagnostic biomarker. In our
study, no differences of WBC were found between the SSI
group and the normal group. In our opinion, WBC is not a
stable and reliable biomarker in diagnosing SSI after spinal
surgery. In addition, SAA was meaningless in our study and

Fig. 1 Changes and differences of CRP, PCT, ESR and BT between the SSI group and the normal group. *Significant difference (P < 0.05)

Table 5 Statistical results of the
correlation test in the normal
group

Blood loss Operative time Surgical levels

C-reactive protein at 3 days post-operatively 0.300 0.351 0.108

C-reactive protein at 6 days post-operatively 0.200 0.331 0.057

PCT at 3 days post-operatively 0.650 0.418 0.565

ESR at 6 days post-operatively 0.354 0.862 0.410

BT at 3 days post-operatively 0.808 0.315 0.502

BT at 6 days post-operatively 0.665 0.217 0.847

*Statistically significant (P < 0.05)
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was also seldom used in previous studies. SAA is present as
the precursor of AA amyloid fibrils in response to inflamma-
tion [29]. Although Deguchi et al. [18] reported that SAAwas
a better post-operative inflammatory marker than CRP, its
function to diagnose SSI after spinal surgery remains unclear.
Our study did not find SAA to be as useful as the other mean-
ingful biomarkers, and routine detection of SAA after spinal
surgery is unnecessary. On the other hand, reducing such dis-
pensable examination can alleviate the patients’ economic
burden.

In our study, the incidence of SSI was 7.7% while five of
which (5.5%) were proven to be exactly infected. According

to previous studies, the incidence of SSI ranges from 0.3 to
11.1% after spinal surgery [2–7]. Nevertheless, majority of
them were less than 5% except those who mainly focused
on spinal deformity. In our opinion, the little higher rate of
SSI in our study could be attributed to several points: (1) The
inclusive criterion was patients who underwent spinal surgery
using internal fixation in our study. We excluded others cases
with merely decompression or removal of instrumentation. In
addition, the sample of our study contained those who
underwent spinal deformity correction. As we know, the rates
of SSI among different spinal surgeries are not consistent.
Low invasive interventions, such as discectomy, have a lower

Fig. 2 ROC curve of CRP, PCT, ESR and BT
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rate of SSI while more invasive techniques, such as fusion
with instrumentation are more liable to SSI. Besides, the SSI
rates of deformity correction procedures are higher than pro-
cedures of degenerative aetiology [3, 23]; (2) occurrence of
SSI is also relevant to patients’ own factors including subcu-
taneous fat thickness, higher preoperative ASA score, lower
pre-operative serum albumin and so on; (3) the small sample
in our study may also influence the rate of patients with SSI.
Furthermore, in our study, 2 patients in the SSI group were
diagnosed as SSI while their bacterial cultures were negative.
This also may increase the infectious rate in our patients.

Some limitations exist in our study. Like other studies [18,
30], partial patients lacked aetiological evidence, which may
affect the inclusion of patients in the SSI group. A larger
sample is needed in the follow-up studies.

Conclusions

The effect of each inflammatory biomarker is defective as
different studies concluded different results, and none of these
biomarkers could predict the occurrence of SSI with 100%
accuracy. The patients’ clinical symptoms, including body
temperature and the condition of the wound, should not be
ignored. Therefore, the earlier diagnosis of SSI after spinal
surgery should depend on the combination of meaningful in-
flammatory markers and the patients’ clinical symptoms, but
not these factors individually.
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