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Abstract

Background In order to elucidate whether serum inflammatory markers identify patients with local surgical site infection(SSI) as
underlying disease for recurrent or new symptomatology following spine surgery, we evaluated the diagnostic potential of
interleukin-6(IL-6) as a marker of SSI. The diagnostic significance of IL-6 was compared to the standard serum inflammatory
markers C-reactive protein(CRP) and white blood cell count (WBCC).

Method Ninety-eight consecutive patients with readmission due to recurrent or new symptomology after spinal surgery of
degenerative spine disorders entered the study. Baseline patients’ characteristics and the abovementioned inflammatory markers
were collected, and arithmetical means with standard deviation, area under the curve (AUC), thresholds, sensitivity, specificity,
positive(+)likelihood ratio (LR), and negative(—)LR with corresponding 95% confidence interval(95%CTI) were calculated and
correlated with presence or absence of SSI.

Results Nine patients suffered from a SSI, whereas the remaining 89 patients had a recurrent/adjacent-segment degenerative disorder
without evidence of infection. The most significant parameter for diagnosing a SSI was serum IL-6 (cut-off value > 15.3 pg/ml,
AUC =0.954, SE =85.7%, SP =97.3%), followed by CRP (cut-off value = 0.8 mg/dl, AUC =0.916, SE = 88.9%, SP = 84.5%)
Conclusions In the case of recurrent or new symptomatology following spinal surgery, serum IL-6 has the highest diagnostic
potential for diagnosing spinal SSI.
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Introduction 31, 46]. In a meta-analysis, SSI was the most common cause of

re-admission after spinal surgery [5]. Severe infections causing

Despite all careful precautionary measures to avoid surgical site
infections (SSI) following spinal surgery, the incidence of SSI
after decompressed laminectomy is about 3% and even higher
in association with fusion and instrumentation surgery with up
to 12% [13]. Discitis occurs in 0.2 to 2.7% and is therefore a
rare complication of spine surgery [13]. Further, different sur-
gical techniques with individual level of invasiveness may ex-
plain the difference in the reported incidence of spinal SSIs [8,
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significant morbidity and mortality occurred in up to 1% of
spinal surgeries, leading to profound complications such as
readmission, long antibiotic therapy, reoperation, poor outcome
with persistent neurological deficits, and increased health care
costs [23]. Hence, early diagnosis and treatment of SSI are
desirable to prevent aggravation [21, 34, 42].

If there is clinical suspicion of a SSI, an examination of the
infection markers in the blood is carried out first. If the suspi-
cion of a SSI is substantiated here, imaging is sought next
(contrast-enhanced computed tomography (CT) scan or mag-
netic resonance imaging (MRI)) and, if available, in selected
cases 18-fluorodeoxyglucose positron emission tomography
for accurate diagnosis [19, 23].

Standard serum laboratory markers to screen for SSI are C-
reactive protein (CRP), peripheral white blood cell count
(WBCC), and erythrocyte sedimentation rate (ESR). WBCC,
CRP, and ESR have been used for detecting and monitoring
postoperative infections [9, 23, 42]. However, these markers
are affected by surgery-associated factors such as operative

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00701-020-04628-8&domain=pdf
mailto:Markus.Lenski@med.uni-muenchen.de

1584

Acta Neurochir (2021) 163:1583-1592

time, intraoperative blood loss, number of operative segments,
and invasiveness of the surgical approach [22]. Hence, current
research focuses on detecting more reliable laboratory
markers which enable the detection of SSIs following spine
surgery with higher diagnostic accuracy.

Interleukin 6 (IL-6) is a peptide, which consists of 185 amino
acids, and is an interleukin that acts as a pro-inflammatory cy-
tokine [47]. The concentration of IL-6 in plasma in healthy
individuals is approximately 1-6 pg/ml and can rise to
1000 pg/ml in severe systemic infections [15]. It is an impor-
tant mediator of fever and it is responsible for stimulating
acute phase protein synthesis such as CRP, as well as the
production of neutrophils in the bone marrow. For this
reason, the IL-6 increase in blood is significantly earlier
measurable as the CRP increase, a fact that saves time in
diagnosis and therapy initiation [15, 47] and qualifies IL-6
as an useful inflammatory marker for detecting bacterial
infections at an early stage [29].

Despite the potential advantages of IL-6 compared to the
traditional serum laboratory markers (like WBCC, CRP, and
ESR), the role of IL-6 in diagnosing SSI following spine sur-
gery in daily clinical routine is still not determined. The aim of
this study was, therefore, to compare the diagnostic potential
of IL-6 to the aforementioned markers by using receiver op-
erating characteristic (ROC) curves and to clarify its impor-
tance in diagnosing spinal SSI.

Methods and materials

Between November 2011 and April 2016, 633 patients
underwent an elective dorsal decompressive surgery at the
Neurosurgical Department, University of Munich (LMU,
Germany) due to degenerative disorders of the cervical, tho-
racic, or lumbar spine. Out of these, 98 patients were
readmitted due to recurrent or new symptomatology. We pro-
spectively evaluated these 98 patients as described below.
Study approval was granted by the local Institutional Review
Board (AZ17-168 and AZ18-259). This study was performed
in line with the principles of the Declaration of Helsinki of
1964 and its later amendments.

All patients with recurrent or new symptomatology were
clinically examined (including a wound review) and blood
samples were collected to define the concentration of CRP
(reference range <0.5 mg/dl), IL-6 (reference range <
6.3 pg/ml), and the WBCC on readmission. Serum CRP
and IL-6 concentrations were determined in the SSI group
on the day of diagnosis of SSI in the emergency department
prior to surgical revision. This corresponds to the day of
admission of all spinal SSI patients. Also in the aseptic
group, the determination of infection markers was per-
formed preoperatively in the emergency department.
Serum IL-6 was measured using Elecsys® IL-6 on a
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Cobas E 601 analyzer (Roche diagnostics). Magnetic reso-
nance imaging (MRI) was consecutively added, immediate-
ly with contrast and diffusion sequences whenever a SSI
was suspected. Indication for surgery was in superficial
SSI purulent drainage from the superficial incision or
wound dehiscence and in deep SSI purulent drainage from
the deep incision, spontaneous dehiscense, or an abscess/
spondylodiscitis/discitis was detected on imaging.

In case of suspected SSI, a revision operation was carried
out without time delay and included multiple smear tests for
microbiological-bacteriological testing and antibiogram as
well as histology. After obtaining of smear tests, an empiric
intravenous antibiosis with vancomycin/meropenem (and ad-
ditional rifampicin in case of severe sepsis) was immediately
started in case of spondylodiscitis or abscess formation, while
cefuroxime or clindamycin was the therapy of choice in case
of a mere superficial SSI. The antibiotic regime was adapted
according to the microbiological-bacteriological findings/
antibiogram and continued for 4-6 weeks in case of
spondylodiscitis or abscess formation (followed by an addi-
tional oral antibiosis for further 2—4 weeks after a follow-up
MRI for therapeutic response) and for 2 weeks in case of a
mere superficial SSL

SSI event was defined according to the Centers for Disease
Control and Prevention (CDC) criteria [7, 9, 23]. A superficial
SSI was diagnosed if the event involved only skin and subcu-
taneous tissue of the incision and the patient had at least one of
the following: (a) purulent drainage from the incision; (b)
organism identified from an aseptically obtained specimen
from the incision or subcutaneous tissue by a culture or
PCR-based microbiological testing; (c) patient had at least
one of the following symptoms: localized pain, tender-
ness, localized swelling, erythema, or heat and superficial
incision that was deliberately opened by a surgeon; or (d)
diagnosis of a SSI by a physician [7]. Criteria for a deep
SSI were involvement of deep soft tissues along the inci-
sion (fascia, muscle, dura, disc, vertebral body) and at
least one of the following: (a) purulent drainage from
deep incision; (b) a deep incision that spontaneously
dehiscenses or is deliberately opened or aspirated by a
physician and patient had at least one of the following
signs or symptoms: fever (<38 °C), localized pain, and
tenderness; (c¢) an abscess or other evidence of infection
involving the deep incision that was detected on imaging
[7]. An early SSI after spinal surgery was defined as in-
fection after 29 days or less following surgery [13]. If an
infection occurred later, it was defined as late SSI [13].

In the case of a recurrent or adjacent-segment degenera-
tive disorder (e.g., re-stenosis, re-prolapse of the pulpous
nucleus, postoperative bleeding, and space occupying
seroma), patients were transferred for re-surgery during
the first 3 days after readmission in an semi-elective manner
if indicated.
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Blood samples for monitoring of the concentration of CRP,
IL-6, and the WBCC were carried out in all patients after re-
surgery during the in-patient stay and at discharge.

The spine procedures were all performed by the same
spine surgeon team of the Department of Neurosurgery
which was blinded to the study. Concentrations of inflam-
matory markers were measured by the Department of
Laboratory Medicine, and quantification of inflammatory
marker levels was performed according to the manufac-
turer’s instructions; no blood specimen was obtained solely
for the purpose of this study.

Statistical analysis was performed by SPSS 17.0 (SPSS Inc.,
Chicago, Illinois, USA) and 23.0 for Windows. Differences
were statistically significant if the p value was < 0.05. For com-
parison of groups for differences, the Student’s ¢ test was used
for numeric values, Mann-Whitney Rank Sum test for ordinal
variables and ? test resp. Fisher’s exact test (in case of 2 x 2-
contingency tables) for nominal variables. For evaluation of the
diagnostic potential of inflammatory parameters, ROC curves
with corresponding area under the curve (AUC) were
determinded. Parameters with an AUC > 0.9 have a very good
and those with an AUC > 0.8 a good diagnostic potential.
Optimal thresholds were calculated by maximizing specificity
and sensitivity (Youden’s J statistics). Thresholds lead to false
negative and false positive test result, which is problematic for
diagnosing SSIs. Therefore, we provide positive likelihood ra-
tios (LR) and negative LRs. LRs are more useful than sensitiv-
ity and specificity for clinical bedside application [16]. LRs can
be used to estimate the change from pretest to post-test proba-
bility of a disease. A LR higher than 1 increases and a LR lower
than 1 decreases the post-test probability of a disease. A LR of
5 increases the post-test disease probability + 30%, a LR of 10
increases it + 45%, whereas a LR of 0.5 decreases the post-test
probability — 15%, a LR of 0.1 decreases it —45% [32]. The
positive LR gives the change from pretest to post-test probabil-
ity for a positive test result, the negative LR gives the change
for a negative test result.

Results
Patients’ characteristics

With 98 patients being readmitted due to recurrent or new
symptomatology, the readmission rate was about 15% in a
population of altogether 633 patients undergoing an elective
dorsal decompressive surgery at the Neurosurgical
Department, University of Munich (LMU, Germany) due to
degenerative disorders of the cervical, thoracic, or lumbar
spine. Out of these, 89 patients (91%) suffered from a recur-
rent or adjacent-segment degenerative disorder and other post-
operative complications, while 9 patients (9%) had a SSI.

Baseline characteristics of both cohorts are displayed in
Table 1. There were no significant differences between both
cohorts.

Pathogens causing SSI

Nine patients suffered from a SSI, 7 of whom showed bacterial
growth in the microbiological culture (77.8%). Five patients
(55.6%) had evidence of gram positive cocci in histology, all
9 patients (100%) showed the histological appearance of acute
florid granulocytic inflammatory infiltration (Table 2). The pre-
vailing pathogens causing spinal SSIs were Staphylococcus
epidermidis (n=4), followed by Staphylococcus aureus (n=
2) and Propionibacterium acnes (n =2). In one patient, two
bacterial species were identified, in another patient, three path-
ogens were detected. Infection sites were the cervical spine in 2
cases (22.2%), the thoracic spine (n =1, 11.1%), and most fre-
quently the lumbar spine (n = 6, 66.7%). Five patients (55.6%)
suffered from an early SSI infection, four patients (44.4%)
experienced a delayed SSI. Eight patients (88.9%) developed
a deep infection and one patient (11.1%) a superficial wound
infection.

Diagnostic potential of inflammatory markers

Serum IL-6 had a higher diagnostic potential for diagnosing a
SSI than serum CRP on admission (d0 = day 0). Mean serum
11-6 level during SSI was 56.2 +39.1 pg/ml and was signifi-
cantly higher than in aseptic revision surgeries with mean
serum levels of 7.8 +3.6 pg/ml (p = 0.02). The mean concen-
tration of IL-6 in serum was 66.6 +40.7 pg/ml during an early
SSI and 42.4 +39.9 pg/ml during a late SSI. Serum IL-6 had
the highest diagnostic potential with an AUC of 0.954 (Fig. 1)
revealing an optimal threshold of 15.3 pg/ml with a SE of
87.5% and a SP of 97.3% (Table 3). The calculation of the
likelihood-ratio showed that serum IL-6 concentrations above
15.3 pg/ml led to a substantial increase of the post-test proba-
bility of SSI (+ LR =31.7), whereas concentrations below
15.3 pg/ml decreased the post-test probability of SSI (— LR =

0.15) considerably (Table 3).

The mean CRP concentration in patients with SSI was
statistically significantly increased with 10.0 +9.4 mg/dL
compared to 0.5+0.7 mg/dL in non-infected patients (p =
0.02). The determined AUC of CRP was 0.916 (Fig. 1), lead-
ing to an optimal cut-off value of 0.8 mg/dL with a SE of
88.9% and a SP of 84.5%(Table 3). The post-test probability
of SSI increased at CRP concentrations of 0.8 mg/dl or higher
(+LR =5.7), lower CRP concentrations decreased it (— LR =
0.13) drastically (Table 3). Serum WBCC did not differ sig-
nificantly in patients with or without SSI (Table 3).

Serum IL-6 levels of patients with SSI were reduced by an
average of about 50% of the baseline concentration 4 days
after revision surgery and start of antibiotic therapy. CRP
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Table 1 Baseline characteristics

at revision surgery* Characteristics Patients with reoperation due to p value
Recurrent/adjacent-segment SSI (n=9)
degenerative disorder (n = 89)

Gender, male/female 60/29 72 0.530

Median age, years (range) 70.6 (23-87) 73.7 (56-79) 0.522

Mean + SD time between index and revision 3749+527.9 48.0+72.8 0.068

surgery, days

Recurrent symptoms, no. (%)
Neck/back pain 35(39.3) 5(55.5) 0.813
Radicular pain 71 (79.8) 4 (44.4) 0.324
Sensory disturbances 51(57.3) 2(22.2) 0.530
Paresis 50 (56.2) 2(22.2) 0.777
Vegetative disorders 1(1.1) 2(22.2) 1.000
Meningismus 0(0.0) 0(0.0) 1.000
Pos. Spurling’s/Lasegue’s test 21 (23.6) 1(11.1) 0.906

Comorbidities, no. (%)
Cardiovascular diseases 43 (48.3) 6 (66.7) 0.777
Diabetes mellitus 12 (13.5) 4(444) 0.906
History of smoking 4.(4.5) 1(11.1) 1.000
Alcohol abuse 0 (0.0) 1(11.1) 1.000

*Mean values are presented + standard deviation (SD)

levels on the fourth postoperative day still showed a mean
serum concentration similar to that at diagnosis. The time
course of inflammatory markers in SSI prior and after revision
surgery is depicted in Table 4 and Fig. 2.

Discussion

This study evaluated the diagnostic potential of the inflamma-
tory markers IL-6, CRP, and WBCC in serum for detecting
spinal SSIs as underlying disease for recurrent or new symp-
tomatology following spine surgery. Thereby, IL-6 had the
highest diagnostic potential for diagnosing spinal SSIs,
followed by CRP and WBCC. In addition, IL-6 was more
useful than CRP for monitoring the therapeutic success of
spinal SSIs. In line with previous studies about SSIs following
spine surgery, the incidence for SSI in this study was 1.4% (9
SSIs out of 633 spine surgeries) [4]. Compared to other in-
flammatory marker studies [24, 45], we were able to pro-
spectively include a larger study population and ultimately
a higher number of SSIs [23, 24, 26]. In a further inflam-
matory marker study with a noticeably higher infection rate
of 6.5%, a similar high number of SSIs could be included,
but in contrast to our cohort, over 75% of cases were super-
ficial SSIs [2]. As in preliminary studies on inflammatory
markers, there was a tendency towards slightly higher mean
age in the SSI group; the difference did not reach
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significance neither in our study nor in the previous studies
[23, 42]. The mean age and the proportion of patients with
diabetes mellitus of our cohort matched the range of previ-
ous reports [23, 24, 42]. Unlike the other studies, this series
included a very high proportion of men [23, 24, 42]. The
patient population in this study is therefore comparable to
the patient cohort of other inflammatory marker studies in
spinal SSI.

Localized symptoms such as swelling, redness, tenderness,
pus discharge, and wound dehiscence, as well as fever, are
recognized clinical screening parameters for SSI [30, 42, 43].
However, any symptom may be missing in the postoperative
course of patients with spinal SSI, and surgeons have to be
aware that postoperative fever can frequently occur without
SSI [23, 40]. These points listed above are the reason why it
is difficult to diagnose a SSI in everyday clinical practice. Due
to the clinical uncertainty, clinicians in the next step refer to the
determination of inflammatory markers in the blood. It has
already been demonstrated that interleukin-6 improves infec-
tion identification when added to physician judgment during
evaluation of potentially septic patients [17]. Also for CRP, the
usefulness for making the diagnosis of a spinal SSI could be
proven [24, 45]. Traditionally, several serum inflammatory
markers have been used as indicators of spinal SSI because of
their objectivity and convenience [3, 23, 42]. The most fre-
quently used laboratory markers for diagnosing SSI after spinal
surgery are the erythrocyte sedimentation rate (ESR), the
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Table 2  Pathogens causing spinal surgical site infections

Case  Culture Pathology Type of infection Time from surgery
no. to diagnosis in days
1 Negative Gram positive cocci Deep infection, Discitis 60
Florid granulocytic inflammatory Delayed infection
infiltration
2 Staphylococcus aureus Florid granulocytic inflammatory Superficial infection 36
infiltration Delayed infection
3 Propionibacterium acnes Gram positive cocci Deep infection, epidural 33
Florid granulocytic inflammatory abscess Delayed infection
infiltration
4 Staphylococcus epidermidis, Gram positive cocci Deep infection, epudiral 13
Propionibacterium acnes Florid granulocytic inflammatory abcess Early infection
infiltration
5 Staphylococcus epidermidis Florid granulocytic inflammatory Deep infection, Discitis 237
infiltration Delayed infection
6 Pseudomonas aeruginosa, Florid granulocytic inflammatory Deep infection, epidural 20
Enterococcus faecalis, Staphylococcus infiltration abscess Early infection
epidermidis
7 Staphylococcus epidermidis Florid granulocytic inflammatory Deep infection, discitis 13
infiltration Early infection
8 Staphylococcus aureus Gram positive cocci Deep infection, epidural 12
Florid granulocytic inflammatory abcess Early infection
infiltration
9 Negative Gram positive cocci Deep infection, discitis 8

Florid granulocytic inflammatory
infiltration

Early infection

Superficial spinal infection, skin and subcutaneous tissue with no fascial involvement; deep spinal wound infection, fascia, muscle, discitis, osteomy-

elitis, and epidural abscess [11, 40]; early infection <29 days after spinal surgery, delayed infection <29 days after spinal surgery [11]

WBCC, and CRP level [2, 9, 23, 24, 42]. These laboratory
values can be obtained in many medical institutions all over
the world [23]. Previous reports showed that serum CRP con-
centrations were a reasonable prized [25] and useful marker of
SSI following spine surgery [21, 23, 24, 41] and even more
useful than the ESR [23]. CRP screening has been proven to be
avaluable tool especially in the detection of early postoperative
spinal SSIs [24, 33, 35]. In accordance with prior studies, we
found CRP levels to be useful for diagnosing SSI after spinal
surgery. Furthermore, we were able to show that CRP concen-
trations in serum have a good diagnostic potential for diagnos-
ing SSI after spinal surgery. This is of high clinical relevance
due to its widespread availability.

Correct and timely diagnosis plays a key role in spinal
infections, as it improves patient outcome [27]. To expedite
early diagnosis and treatment, sensitive and reliable inflam-
matory serum markers which peak at an early stage of disease
are needed. Ideally, an inflammatory marker should have a
very high diagnostic accuracy and be able to differentiate be-
tween infection and aseptic course at a very early stage of the
disease. As an inducer of the acute phase proteins, serum IL-6
could be a useful tool herein. The raise of serum IL-6 directly
induces the acute phase protein CRP, which peaks 24 to
48 h later and reaches its maximum concentration when

IL-6 already drops [11, 18]. Hence, IL-6 peaks and normal-
izes quicker than CRP and prolonged clevation of IL-6
levels might indicate an inflammatory process at an earlier
stage. As IL-6 increase precedes that of CRP in infection, a
somewhat earlier diagnosis of infection may be achieved
with IL-6 measurements, so far, the diagnostic power of
serum I1-6 levels in SSI following spinal surgery has not
been investigated.

In this study, serum IL-6 showed to be a very good marker
for diagnosing SSIs with excellent diagnostic accuracy. In our
series, increased serum IL-6 concentrations were significantly
associated with SSI in patients with new or recurrent symp-
toms following spine surgery. According to our study results,
interleukin-6 would be the most accurate marker for diagno-
sis. Therefore, IL-6 concentrations above 15.3 pg/ml should
direct the surgeon’s attention to SSI. Subsequently, imaging
with contrast-enhanced CT, contrast-enhanced MRI, or posi-
tron emission tomography CT should then be performed [23].

Serum IL-6 was found to have high process-related costs,
including extended analysis times, but improved diagnostic
accuracy [1]. The measurement of IL-6 by Enzyme-Linked
Immunosorbent Assay is widely available around the world
[39] and does not take much longer than for CRP. In fact, the
Elecsys® IL-6 on a Cobas E 601 analyzer (Roche diagnostics)
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X % & % needs 18 min to measure serum IL-6 levels [12]. Therefore,
< .
g ; j - measuring IL-6 could already today enable a faster and even
. =S = Q . . . L.
"y s |2 more reliable diagnosis of SSI. This is important because 1L-6
T’ g 2 § E: could reduce the risk of misdiagnosis or delayed diagnosis.
T; Delayed diagnosis is a serious event and has a negative impact
2 “g on patient outcome including prolonged hospitalization, per-
Al oy manent disability, and mortality as well as increased health
g % % 3 care costs and loss of working days [4, 6, 27]. In fact, the
;; g g g critical question must be asked whether the slightly higher
& S o2 E diagnostic potential of IL-6 justifies the significantly higher
+ « =) additional costs of determining this inflammatory marker. In
~ & ~ & this context, it should also be considered that a therapy re-
n L - . . e .
ENRENE ‘—E sponse and also therapy failure, especially of antibiotic thera-
T T T 3‘% py. can be better monitored in the further clinical course with
2 = & g IL-6 than with CRP [14, 44]. This is a particular advantage of
= s |2 IL-6 in the daily clinical routine. Although the results suggest
o oo § that serum IL-6 has a high diagnostic potential for diagnosing
wn AN X 0 < . ..
E SSIs after spine surgery, physicians must be aware that serum
g5 &5 ; IL-6 is also frequently increased after various inflammatory
[g § E '§ stimuli and conditions, such as major surgery, trauma, menin-
.0% é E’L g gitis, arthritis, systemic infections, and sepsis [10, 28, 36, 37].
‘oi 5 g % Furthermore, older patients (over 60 years) have significantly
e ® |z higher serum IL-6 concentrations than younger patients after
2 |w2e| 3 i d lumbar spine fusion [38]. Th i
= 2 EE| e instrumented lumbar spine fusion [38]. The correct interpre-
5 tation of serum IL-6 therefore requires a work-up of the entire
Sg9|% patient’s medical history.
= D Prior studies revealed that the WBCC was not a reliable
) § screening marker for SSI after posterior lumbar decompres-
g < sion surgery [23] or routine elective spinal procedures [2].
5 s Also in this study, the mean WBCC did not differ significantly
% 2=z § in the SSI and non-infectious group. In consequence, the
g A WBCC is not a suitable screening parameter for the presence
g = =S § of spinal SSI.
5| - % g One of the strengths of this study is the good study design:
—_— Q . . . . .
E % fé E only inflammatory markers of patients with readmission and
‘s o . . . .
? E 2 8 with symptoms consistent with an SSI were prospectively
£ 2 = %o | 2 examined. An innovation is the calculation of AUCs and the
g H q99% é § introduction of cut-off values with corresponding likelihood
< . . .
5l S § g ; g 8 ratios in the research area of spinal SSIs.
k= . e acknowledge that this clinical s is limite sev-
g S S We acknowledge that this cl 1 study is limited by
‘% § %’ eral factors. First, the number of SSIs included was relatively
3 (‘_5) & " e = £ small. Hence, there was the possibility of type 2 error due to
2 g E the relatively small amount of SSI cases. Moreover, other less
172 — . .
£l o 3 L9 53 studied and seldomly used inflammatory markers such
v | 2 N o | 28 o . .
3 s s 3S|B5 procalcitonin [2], serum amyloid A [9], and presepsin [26]
= S .= . T . .
g £E were not available. The quantitative and proportional determi-
| = 8 R é "é’ nation of the lymphocyte subpopulation is not part of our
g | % standard procedure in cases of suspected SSIs. Therefore, we
g 3 = could not compare our inflammatory markers to the lympho-
E =l = j‘a E cyte count. There is no reference in the literature that lympho-
- E ? S 5 ) penia is as well or even better than serum IL-6 for diagnosing
B 2 . .
2 v 5 K E & SSIs [20-23]. On the contrary, previous studies have shown
e 20 2|3 that lymphopenia represented a immunodepression status after
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Fig. 1 ROC curves of inflammatory markers for diagnosing surgical site infections after spinal surgery. IL-6, interleukin-6; CRP, C-reactive protein;
WBCC, white blood cell count; ROC curves, receiver operating characteristic curves; AUC, area under the curve

surgery, thus indicating the increased susceptibility to infec-  diagnostics according to current studies. With this study, we
tion, which may lead to the development of a postoperative ~ aimed to investigate the clinically relevant and widespreadly
infection [42]. Therefore, the lymphocyte count and percent-  available inflammatory markers; thus, we concentrated on

age on day 4 [21, 23] and the white blood cell differential [42]  those which are in our tool kid of everyday practice.
cannot be considered a replacement for serum IL-6 in routine ~ However, we believe that we have captured the inflammatory

Table 4 Time course of inflammatory markers in SSI prior and after revision surgery

n Span Minimum Maximum Mean SD Variance
CRPdO 9 27,20 ,20 27,40 10,0222 938,120 88,007
CRPd1 6 24,20 6,60 30,80 14,5667 877,557 77,011
CRPd2 7 19,20 5,30 24,50 13,2429 781,193 61,026
CRPd3 8 21,20 3,00 24,20 99,375 758,945 57,600
CRPd4 8 17,70 3,50 21,20 10,0250 601,777 36,214
CRPd5 7 17,00 1,60 18,60 85,000 643,221 41,373
CRPd6 5 15,90 1,00 16,90 64,200 633,774 40,167
CRPd7 6 15,00 2,00 17,00 68,333 627,460 39,371
IL6d0 9 110,40 3,60 114,00 50,3500 39,91,212 1592,977
IL6d1 6 72,70 18,00 90,70 47,7500 31,64,091 1001,147
IL6d2 7 39,50 17,00 56,50 42,9286 14,47,880 209,636
IL6d3 7 68,00 10,40 78,40 37,9857 21,21,591 450,115
IL6d4 7 82,10 4,90 87,00 30,8429 29,56,884 874,316
IL6dS 7 56,60 2,90 59,50 25,6571 22,20,584 493,100
IL6d6 4 24,90 8,80 33,70 19,5750 11,59,235 134,383
IL6d7 5 33,50 3,80 37,30 14,2800 14,08677 198,437
WBCCd0 9 21,70 2,40 24,10 11,6578 664,071 44,099
WBCCd1 6 31,30 6,30 38,10 15,2833 11,79,414 139,102
WBCCd2 7 14,70 8,20 22,90 12,3571 556,353 30,953
WBCCd3 8 16,80 2,60 19,40 10,3125 517,589 26,790
WBCCd4 6 5,90 4,90 10,80 82,833 215,724 4654
WBCCd5 6 6,60 4,90 11,50 87,667 238,300 5679
WBCCd6 5 11,30 2,40 13,70 70,800 417,337 17,417
WBCCd7 6 10,00 3,00 13,00 82,000 387,195 14,992
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Fig. 2 The time course of »
inflammatory markers
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marker levels in a representative postoperative spinal study
population.

Conclusions

In summary, we conclude that IL-6 is a useful serum marker to
detect early and delayed SSI. Here it showed to be of partic-
ular importance in spinal surgery. Thus, in any case of
suspected SSI, the IL-6 serum concentration can direct clinical
management in patients with suspicion of SSIs. It must be
critically considered that the diagnostic potential of CRP is
almost as high as for IL-6, but the laboratory essay costs are
significantly lower.
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