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Study Design: Case control study.
Purpose: To identify the most significant laboratory marker for early detection of surgical site infection (SSI) using multiple logistic
regression analysis.
Overview of Literature: SSI is a serious complication of spinal instrumentation surgery. Early diagnosis and treatment are crucial.
Methods: We retrospectively reviewed the laboratory data of patients who underwent posterior lumbar instrumentation surgery for
degenerative spinal disease from January 2003 to December 2014. Six laboratory markers for early SSI detection were considered:
renewed elevation of the white blood cell count, higher at 7 than 4 days postoperatively; renewed elevation of the C-reactive protein
(CRP) level, higher at 7 than 4 days postoperatively; CRP level of >10 mg/dL at 4 days postoperatively; neutrophil percentage of >75%
at 4 days postoperatively; lymphocyte percentage of <10% at 4 days postoperatively; and lymphocyte count of <1,000/μL at 4 days
postoperatively.
Results: Ninety patients were enrolled; five developed deep SSI. Multivariate regression analysis showed that a lymphocyte count of
<1,000/μL at 4 days postoperatively was the sole significant independent laboratory marker for early detection of SSI (p =0.037; odds
ratio, 11.9; 95% confidence interval, 1.2–122.7).
Conclusions: A lymphocyte count of <1,000/μL at 4 days postoperatively is the most significant laboratory marker for early detection
of SSI.
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Introduction
Surgical site infection (SSI) remains one of the most serious

problems after spinal instrumentation surgery [1-3]. SSI
may have important long-term consequences that affect
final outcomes, including the need for revision surgery,
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persistent pain or deformity, additional hospitalization,
prolonged recovery time, and considerable expenses [46]. Infection rates after spinal instrumentation surgery
reportedly range from 2.2%–8.5% [7-10]. Preventing SSI
is important; however, when an infection does occur, early
diagnosis and treatment are crucial to avoid aggravation
[4,11-13]. A diagnosis of SSI should be made based on
indicators of systemic infection, such as body temperature
(BT), laboratory data, imaging techniques (e.g., computed
tomography, magnetic resonance imaging, and fluorine18-fluorodeoxglucose positron emission tomography)
[14-17], and local findings such as tenderness, swelling,
redness, and purulent discharge [11,13]. However, high
BT is not a specific sign of SSI [11,12,18,19], and the
above-mentioned imaging techniques are expensive when
used as screening tools. Therefore, postoperative laboratory markers are frequently used to screen for SSI because
of their objectivity and convenience [4,11,12,18]. Several
laboratory markers for early detection of SSI have been
reported [4,12]. The present study aimed to identify the
most significant laboratory marker for early detection of
SSI using multiple logistic regression analysis.

Materials and Methods
After receiving approval from the Institutional Review
Board of the participating institutions, we retrospectively
reviewed the medical records of patients who underwent
posterior lumbar instrumentation surgery for degenerative spinal disease from January 2003 to December 2014.
The records were examined for the evidence of deep SSI
and to collect laboratory data. A diagnosis of SSI was
defined using the Centers for Disease Control and Prevention criteria [20]. A diagnosis of deep SSI was made
only if the attending surgeon diagnosed deep SSI because
of recognizing fever or wound discharge amongst other
symptoms, and conducted debridement within 4 weeks.
Each patient underwent single or two-segment posterior
lumbar instrumentation surgery and laboratory data
collection preoperatively and at 4 and 7 days postoperatively. Patients with trauma, tumors, infection, or chronic
inflammatory disease (e.g., rheumatoid arthritis), those
undergoing dialysis, those with a preoperative C-reactive
protein (CRP) level of >2 mg/dL, and those with a history of surgery to the lumbar spine were excluded. The
enrolled patients were categorized into two groups: an SSI
group and a non-SSI group. In total, 90 patients’ data were
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evaluated in the study. Of these patients, five developed
deep SSI. We collected laboratory data regarding the CRP
level, white blood cell (WBC) count, and WBC differential (neutrophil and lymphocyte percentages) preoperatively and at 4 and 7 days postoperatively. The CRP level
was measured using the latex agglutination method, and
an automatic cell counter determined the WBC count.
Neutrophil and lymphocyte counts were calculated from
the WBC count and WBC differential. The operating time
and intraoperative blood loss volume were also measured.
Six laboratory markers for early detection of SSI were
reviewed [11,12,18,19]: renewed elevation of the WBC
count, higher at 7 than at 4 days postoperatively; renewed elevation of the CRP level, higher at 7 than at 4
days postoperatively; CRP level of >10 mg/dL at 4 days
postoperatively; neutrophil percentage of >75% at 4 days
postoperatively; lymphocyte percentage of <10% at 4 days
postoperatively; and lymphocyte count of <1,000/μL at 4
days postoperatively. Univariate analysis was performed to
identify the associations between each laboratory marker
and the presence of SSI. Quantitative data were analyzed
with the Mann-Whitney U-test and Student’s t-test. Qualitative data were analyzed with Fisher’s exact probability
test. To identify independent predictive laboratory markers for early detection of SSI, multivariate logistic regression analysis was performed using variables with a p-value
of <0.20 in the univariate analysis by stepwise forwardselection. All statistical analyses were carried out using
SPSS ver. 22.0 (IBM Corp., Armonk, NY, USA). A p-value
of <0.05 was considered statistically significant.

Results
Ninety patients’ data were evaluated in the present study.
Five patients who developed deep SSI were assigned to
the SSI group (1 man, 4 women), and the remaining 85
patients were assigned to the non-SSI group (31 men, 54
women). The median ages at surgery in the SSI and nonSSI groups were 73.0 and 68.5 years, respectively. The
mean operating times in the SSI and non-SSI groups were
170 minutes (range, 143–315 minutes) and 243 minutes
(range, 80–410 minutes), respectively, and the mean
intraoperative blood loss volumes were 305 mL (range,
100–600 mL) and 345 mL (range, 20–2,440 mL), respectively. The mean±standard deviation of fused segments
in the SSI and non-SSI groups was 1.4±0.5 and 1.2±0.4,
respectively. There were no significant differences in age,
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Table 1. Patients’ demographic data

Variable

SSI group
(n=5)

Non-SSI group
(n=85)

p -value

Age (yr)

73.0 (57–78)

68.5 (33–84)

0.277

31:54

0.413

Sex (male:female)

1:4

Operating time (min)

170 (143–315)

243 (80–410)

0.262

Blood loss (mL)

305 (100–600)

345 (20–2,440)

0.906

No. of fused segments

1.4±0.5

1.2±0.4

0.185

Values are presented as median (range) or mean±standard deviation unless otherwise indicated.
SSI, surgical site infection.
Table 2. Univariate analysis between SSI and non-SSI groups

SSI groups
(n=5)

Non-SSI groups
(n=85)

p -value

Renewed elevation of white blood cell count, 7 (>4 days postoperatively)

1

18

0.690

Renewed elevation of C-reactive protein level, 7 (>4 days postoperatively)

1

13

0.603

C-reactive protein level of >10 mg/dL at 4 days postoperatively

2

2

0.023a)

Neutrophil percentage of >75% at 4 days postoperatively

2

11

0.166

Lymphocyte percentage of <10% at 4 days postoperatively

0

3

0.832

Lymphocyte count of <1,000/μL at 4 days postoperatively

4

16

0.010a)

Variable

Positive patient’s number.
SSI, surgical site infection.
a)
Statistically significant (p <0.05).
Table 3. Multivariate analysis of predictive laboratory markers for early detection of surgical site infection

Lymphocyte count of <1,000/μL at 4 days postoperatively

sex, operating time, intraoperative blood loss, or the
number of fused segments between the two groups (Table
1). Univariate analysis revealed a statistically significant
difference in the CRP level of >10 mg/dL at 4 days postoperatively and the lymphocyte count of <1,000/μL at 4
days postoperatively between the two groups (p=0.023
and p=0.010, respectively) (Table 2). On multiple logistic
regression, variables with a p-value of <0.20 on univariate
analysis (CRP level of >10 mg/dL at 4 days postoperatively, neutrophil percentage of >75% at 4 days postoperatively, and lymphocyte count of <1,000/μL at 4 days
postoperatively) were analyzed as dependent variables. A
lymphocyte count of <1,000/μL at 4 days postoperatively
was the only significant independent laboratory marker
for early detection of SSI (p=0.037; odds ratio, 11.9; 95%
confidence interval, 1.2–122.7) (Table 3).

p -value

Odds ratio

95% Confidence interval

0.037

11.9

1.2–122.7

Discussion
The objective of SSI treatment after spinal instrumentation
surgery is not only to resolve infection but also to maintain spinal stability. Ishii et al. [21] reported that patients
who developed SSI and were able to retain their implants
were suspected and diagnosed at an early stage. They also
found that early diagnosis at a low intensity of infection
may reduce the necessity of implant removal. Diagnosis
of SSI may be made based on signs of systemic infection,
such as BT, laboratory markers, and some imaging techniques, in combination with local findings, such as tenderness, swelling, redness, and purulent discharge [6,13].
However, some authors have reported high BT as not a
SSI-specific sign [11,12,18,19], and imaging techniques
are expensive when used as a screening tool. Therefore,
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it is impossible to use these tests in all cases. Postoperative laboratory markers are frequently used as a screening
test for diagnosis of SSI because of their objectivity and
convenience [4,11,12,18]. The most widely implemented
laboratory markers are the CRP level and WBC count,
which can easily be measured at most institutions. In the
present study, we reviewed six laboratory markers related
to the CRP level and WBC count for early detection of SSI
as previously reported [11,12,18,19]. Several authors have
reported that the CRP level is the most sensitive inflammatory marker [18,22]. CRP is induced by interleukin-6
and synthesized by hepatocytes; its level thus reflects the
degree of inflammatory response and surgical injury [23].
Larsson et al. [22] were the first to report changes in the
CRP level after posterior lumbar instrumentation surgery.
They found that the level tended to peak after postoperative day 3. However, Takahashi et al. [18] reported that
the postoperative CRP level peaked on day 2, and Aono
et al. [12] reported that it peaked on day 4. With the
peak in the postoperative CRP level ranging from day
2 to 4, all four groups agreed that renewed elevation of the
CRP level or an increase in the CRP level after the peak
day suggests the possibility of SSI [11,12,23]. Takahashi
and Collegues [11,18] reported that the WBC count and
WBC differential are useful for early detection of surgical wound infection following spinal instrumentation
surgery. Furthermore, changes in the WBC count, particularly the neutrophil count, serves as a useful marker
of postoperative progress over time [18]. Takahashi et al.
[18] also reported that another increase in the neutrophil and WBC counts several days after surgery was one
of the most important signs of bacterial infection. They
concluded that a renewed elevation of the postoperative WBC and neutrophil counts after days 4 to 7 and a
postoperative neutrophil percentage of >75% after day 4
may be critical signs of infection [11,18]. Conversely, lymphocytes, which are involved in nonspecific biophylaxis,
often decrease after invasion, regardless of noninfectious
or infectious invasion. They reported that in patients with
infection, the percentage and number of lymphocytes
significantly decreased on day 4. This represents immune
depression and indicates the possibility of predominance
of anti-inflammatory cytokines and attendant compensatory anti-inflammatory response syndrome [24]. Patients
having this condition are more susceptible to and often
develop postoperative infection. They concluded that
postoperative lymphopenia of <10% or <1,000/μL after
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4 days indicates a possible surgical wound infection
[11,18]. With reference to these reports, we identified the
most significant laboratory marker for early detection of
SSI using multiple logistic regression analysis. As a result,
a lymphocyte count of <1,000/μL at 4 days postoperatively
was the only significant independent laboratory marker
for early detection of SSI.
Our study has several limitations. First, as it was a retrospective study, there may have been an inherent bias
associated with patient selection and missing patient
information. Patients who did not meet SSI criteria were
placed in a non-SSI group, which may reflect a significant
underestimation of the actual number of SSI cases. Another limitation is the possibility that a type 2 error may
have occurred because of the relatively small number of
SSI cases. Herein, only a lymphocyte count of <1,000/μL
at 4 days postoperatively was considered statistically significant in the multiple logistic regression analysis; however, if a higher number of SSI cases had been evaluated,
another statistically significant index may have been identified. A prospective study and larger cohort may address
these problems.

Conclusions
The present study indicates that a lymphocyte count of
<1,000/μL at 4 days postoperatively is the most significant
laboratory marker for early detection of SSI.
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