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To the editor,
Surgical site infection (SSI) is a major complication of spinal
surgery involving implants. Although immunosuppressive effects of anesthesia including opioids have been implicated [1],
whether postoperative infection can be predicted in the early
period after surgery remains to be fully elucidated. Therefore,
we investigated whether a correlation exists between perioperative immunological changes and the onset of SSI.
We retrospectively reviewed 127 patients who underwent surgery for scoliosis at Kagoshima University Hospital from January 2012 to December 2017. In all
patients, anesthesia was induced with propofol, remifentanil, and rocuronium. Anesthesia was maintained with
continuous intravenous target-controlled infusion of
propofol with an effect-site concentration of 2.5 to
4.0 μg/mL for patients ≥ 16 years old or continuous infusion at a rate of 4.0 to 6.0 mg/kg/h for patients < 16
years old to maintain the bispectral index at 40 to 60.
During surgery, remifentanil was administered at 0.2 to
1.0 μg/kg/min. Rocuronium was not used to measure
motor evoked potentials during the operation. After the
end of surgery, sedation with dexmedetomidine (0.4–0.7
g/kg/h) and propofol (3.0–4.0 g/kg/h) was continued
until arrival in the intensive care unit.
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SSI occurred in 7 of 127 patients (5.5%). The onset of
SSI differed among the patients, ranging from postoperative day (POD) 8 to POD 77. The total use of remifentanil was not different between patients with and without
SSI. The preoperative C-reactive protein (CRP) level was
significantly higher in patients with than without SSI
[median (interquartile range), 0.5 (0.09–0.63) vs. 0.03
(0.02–0.15) mg/dL, respectively; P = 0.026]. The immunological parameters such as the neutrophil count,
lymphocyte count, and N/L ratio were not different between patients with and without SSI immediately after
the end of anesthesia although an elevated N/L ratio is
reportedly correlated with the incidence of SSI after posterior lumbar instrumentation surgery [2]. Similarly, the
plasma CRP level on both POD 7 and POD 14 but not
POD1 was significantly higher in patients with than
without SSI [POD 1 4.41 (1.77–6.24) vs. 4.11 (2.46–5.61)
mg/dL, respectively, P = 0.979; POD 7 3.55 (2.82–11.68)
vs. 1.56 (0.84–2.62) mg/dL, respectively, P < 0.01; and
POD 14 7.29 (1.14–9.74) vs. 0.31 (0.14–0.90) mg/dL, respectively, P < 0.01]. This is consistent with a previous
report showing that the CRP level on POD 7 is a reliable
marker for SSI following instrumented spinal fusion [3].
Postoperatively, the duration of intensive care unit stay
was not different between the groups. However, the postoperative duration of fentanyl infusion was significantly
longer in patients with than without SSI [12 (4.5–17) vs. 2
(2–5) days, respectively; P = 0.015], possibly because of
postoperative pain due to infection.
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In conclusion, immunological parameters immediately
after the end of anesthesia were not different between
patients with and without SSI. The correlation between
perioperative opioid use and the incidence of SSI was
not clear. The parameter directly reflecting the onset of
SSI might be CRP level after POD7.
Abbreviations
CRP: C-reactive protein; N/L ratio: Neutrophil/lymphocyte ratio;
POD: Postoperative days; SSI: Surgical site infections
Acknowledgements
We thank Angela Morben, DVM, ELS, from Edanz Group (www.edanzediting.
com/ac), for editing a draft of this manuscript.
Authors’ contributions
KM contributed to acquisition and analysis of the data. MHM contributed to
the study conception and design and the acquisition, analysis, and
interpretation of the data. MHM and YK contributed to drafting of the article.
The authors read and approved the final manuscript.
Funding
This work was funded by Grants-in-Aid for Scientific Research from the Japan
Society for the Promotion of Science, Tokyo, Japan (to Maiko HasegawaMoriyama).
Availability of data and materials
The datasets analyzed during the current study are available from the
corresponding author on reasonable request.
Ethics approval and consent to participate
This study was approved by the Ethics Committee of Kagoshima University
Hospital. Because of the anonymous retrospective nature of this study, the
requirement for informed consent was waived.
Consent for publication
Not applicable
Competing interests
The authors declare that they have no competing interests.
Received: 8 January 2020 Accepted: 28 February 2020

References
1. Bell KL, Shohat N, Goswami K, Tan TL, Kalbian I, Parvizi J. Preoperative
opioids increase the risk of periprosthetic joint infection after total joint
arthroplasty. J Arthroplast. 2018;33:3246–51.
2. Iwata E, Shigematsu H, Okuda A, et al. Lymphopenia at 4 days
postoperatively is the most significant laboratory marker for early detection
of surgical site infection following posterior lumbar instrumentation surgery.
Asian Spine J. 2016;10:1042–6.
3. Iwata E, Shigematsu H, Koizumi M, et al. Lymphocyte count at 4 days
postoperatively and CRP level at 7 days postoperatively: reliable and useful
markers for surgical site infection following instrumented spinal fusion.
Spine. 2016;41:1173–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 2 of 2

