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Postoperative surgical site infections (SSIs) are more common complications after spinal surgery. SSIs often require extended
hospitalisation and may worsen overall clinical outcomes. A retrospective database review of consecutive patients with traditional
open lumbar spinal surgery was performed. SSIs patients were identified and reviewed for clinically relevant details, and
postoperative SSIs’ incidence was calculated for the entire cohort as well as for subgroups with or without spinal implants. In 15 years,
1,176 patients underwent open lumbar spinal surgery with spinal implants and 699 without. Thirty-eight developed postoperative
SSIs. Total SSI rate for the entire group was 2.03%. The incidence of postoperative SSIs in the nonimplant group was relatively low.
Patients received antibiotics, hyperbaric oxygen therapy, and wet dressing. We provided the precise rates of postoperative SSIs in
traditional open spinal surgery obtained from a single-centre data. Patients with spinal implants had higher SSIs’ incidence than
those without.

1. Introduction
Postoperative surgical site infection (SSI) is one of the most
common complications [1–3] after spinal surgery [4, 5]. The
incidence of spinal SSIs reported in the literature is 0.7%–
16.0% [6]. These infections often require extended antibiotic
therapy, repeated surgery for wound debridement, hardware
removal, and prolonged hospitalisation [7]. It dramatically
increases utilisation of healthcare resources and worsens
overall clinical outcomes [8, 9].
Several complicated procedures result in higher infection
rates. Therefore, spinal surgeries carry a higher risk of
infection compared with other orthopaedic procedures [10].
Another problem of the increasing complexity of spinal
surgeries is increased operation time, which is a well-known
intraoperative risk factor for SSIs [11–13]. Besides surgical factors, patient’s preoperative characteristics (increased age and
body mass index (BMI), smoking, diabetes, steroid use, malnutrition, and previous surgical infection) could also account

for an increase in the number of postoperative complications [11–13].
The management of SSIs has become increasingly important. Considering the complexity of spinal procedures, preventive interventions have the potential to improve a patient’s
overall outcome [14, 15]. Furthermore, these interventions
may decrease the duration of hospital stay and postoperative
recovery time, thereby lowering medical expenses.

2. Patients and Methods
2.1. Ethics Statement. The approval of local ethics committee
for this research was permitted. The protocol conforms to
the Declaration of Helsinki and the Institutional Review
Board of Chung Shan Medical University (Taichung, Taiwan)
approved the study by expedited review (Approval Reference
number: CS15026).
2.2. Retrospective Database Review. We performed a retrospective review of prospectively collected databases of
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consecutive patients who underwent open lumbar spinal
surgery between February 1998 and December 2012 by
experienced surgeons at our hospital. During this 15-year
period, 1,176 lumbar spinal surgeries were performed, and
the procedures included the following: simple decompression procedures such as micro- or endoscopic discectomy
or foraminotomy or decompression of stenosis, arthrodeses (e.g., posterolateral interbody, posterior/transforaminal
interbody, and lateral interbody), filum detethering, or syrinx
shunting. All procedures were performed using a standard
surgical scrub and preparation and draping of patients
after administering general anaesthesia were carried out.
All patients received a single dose of intravenous antibiotics immediately before surgery (1-2 g of cefazolin or 1 g
of vancomycin in those reporting an allergy to penicillin
or cephalosporin). This regimen was repeated as required
during surgeries lasting > 4 h.
The databases included documentation of all perioperative complications. Identification of SSIs as classified according to the criteria set by the Centres for Disease Control and
Prevention was studied. An infection was considered to be
SSI if it occurred at the site of the surgery within 30 days
postoperatively or within 1 year if the procedure included
placement of a foreign body (e.g., an implant). Cases with
SSI were identified and confirmed through microbiological
cultures. The incidence of postoperative SSIs was calculated
for the entire cohort as well as for subgroups with or without
spinal implants. Positive cases of SSI were reviewed for
clinically relevant details.
Demographic and preoperative variables were collected
from medical records using a standardised data collection
form by an investigator who was not involved in the initial
treatment. Information regarding preoperative risk factors
was derived from standardised and routinely recorded data as
reported in the patient charts. Surgical-level risk factors that
could be considered possible risk factors for infection were
derived from surgical reports of the surgeons’ database. When
the data collection was completed, all data were checked by a
second investigator.
Preoperative patient-level risk factors that were reviewed
included age at the time of surgery, sex, height, weight,
and diagnosis. Additionally, smoking habits, comorbidity,
and previous lumbar surgeries were recorded, and BMI was
calculated. Registered type of comorbidity included diabetes,
rheumatoid arthritis, and cardiovascular and pulmonary
diseases.
2.3. Statistical Analysis. Two-tailed independent t-tests, Chisquare tests, or appropriate nonparametric alternatives were
used to identify differences between the groups of patients
with or without implants. Probability values of < 0.05 were
considered statistically significant. All data were analysed
using SigmaPlot statistical software (SAS Institute, San Jose,
CA, USA).

3. Results
3.1. Deep Infection after Instrumentation on Lumbar Spinal
Surgery. Over the past 15 years, 1,875 open lumbar spinal
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Table 1: Demographic data of patients with postoperative infection.
Implant
group

Nonimplant
group

Postoperative
31/1176 (2.64) 7/699 (1.00)
infection [𝑛/total (%)]
Age (years, mean ± SD) 65.5 ± 12.9
67.6 ± 11.8
Gender, male/female
16/15
2/5
Operation time (hours)
3.4 ± 0.8
2.7 ± 0.8
Bleeding amount (mL) 826.5 ± 361.7 564.3 ± 319.2
Irrigation amount
2080.6 ± 817.5 1464.3 ± 625.4
(mL)
Drainage tube
30/1
6/1
indwelling, Y/N
Days for infection start
5.2 ± 0.6
5.0 ± 0.0
Hospital stay (days)
32.6 ± 3.4
33.7 ± 7.7

𝑃 value
<0.05
0.702
0.410
<0.05
0.086
0.071
0.339
0.344
0.695

surgeries (1,176 patients with spinal implants and 699 patients
without spinal implants) were performed at our medical
centre. Thirty-eight postoperative SSIs were detected. The
total SSI rate for the entire group was 2.03% (31 (2.64%)
in the implant group and 7 (1.00%) in the nonimplant
group). The incidence of wound infection and operation time
in the nonimplant group was relatively low (𝑃 < 0.05).
No significant differences in age, sex, extent of bleeding,
amount of irrigation, indwelling of drainage tube, days of the
initial onset of infection, and duration of hospital stay were
ascertained for both groups (Table 1).
3.2. Underlying Disease, Infection Germ, Treatments, and
Outcome. Approximately 50% patients with postoperative
infection have comorbidity associated with diabetes and
hypertension. There was no significant difference between
any type of underlying diseases and BMI between these two
groups. The type of bacteria and sample cultures in different
groups are listed in Table 2. The most common organism
isolated from wound cultures was Staphylococcus aureus,
followed by methicillin-resistant S. aureus (MRSA). Patients
received antibiotics, hyperbaric oxygen (HBO) therapy, and
wet dressing, and most showed good outcome. However,
some patients developed low back pain and neuralgia after
postoperative infection.

4. Discussion
Postoperational SSIs after spinal surgery remain a serious
condition, leading to major complications and worse outcomes [6, 16]. Although the generalized adoption of preoperative antibiotic prophylaxis has served to decrease SSI rates
to as much as 50%, it has not completely eliminated them [17–
19]. Recently, a review of 2,316 patients who underwent a wide
variety of open spinal surgeries over 5 years found an overall
infection rate of approximately 2% [20]. Our data are consistent with those results. The most common pathogen isolated
from wound cultures was Staphylococcus species (predominantly S. aureus) [6, 11, 21], followed by MRSA [22, 23],

BioMed Research International

3

Table 2: Underlying diseases, infection germ, treatments, and
outcome in patients with postoperative infection.

Underlying diseases
Diabetes
Hypertension
Osteoporosis
Poor nutrition
Traumatic injury
Coronary artery disease
Uremia
Rheumatoid arthritis
High BMI
Low BMI
Cancer
Hyperthyroidism
Nil
Infection germ
Staphylococcus
MRSA
ORSA
E. coli
Pseudomonas
Proteus
Treatments
Antibiotics
Hyperbaric oxygen
Wet dressing
Nutrition supply
Outcome
Good
Low back pain
Neuralgia
Nutrition supply
Expiry (sepsis)

Implant group

Nonimplant group

15
15
9
2
2
2
2
1
1
1
0
0
4

4
3
1
1
0
0
0
1
0
0
2
1
0

17
9
0
2
2
1

2
3
2
0
0
0

31
31
31
1

7
6
7
1

20
9
1
1
0

6
0
0
0
1

which was responsible for several difficult-to-treat infections
[24]. Our database provided additional documentation of
several factors that may be related to the occurrence of
wound infection based on the administration of prophylactic
antibiotics, duration of operation time, estimated blood
loss, length of hospitalisation, or patient comorbidities. In
addition, there was documentation of causative organisms on
the management of infection or surgical outcomes.
Recently, another retrospective review also provided the
rates of postoperative wound infection after a broad range
of spinal procedures based on the cases predominantly
performed by fellowship-trained spinal surgeons [25]. The
large number of cases in that review enabled assessment of
infection rates for relatively uncommon procedures, including those performed on paediatric patients. Their database
also enabled stratification of cases and assessment of the
corresponding infection rates based on surgical factors,
including primary versus revision status, use of implants, and

fusion approach, and whether minimally invasive techniques
were used. The 2% total infection rate in this series was
comparable with that in previously reported series, which
included a diverse representation of spinal procedures, with
the infection rate ranging from 0.9% to 4.4% [11, 20, 26, 27].
The rates in the present study, in general, were comparable
with those in the previous reports.
The risk factors for infection included diabetes, elevated
serum glucose levels, and inappropriate timing or dosing of
preoperative antibiotics [6]. A case-control study identified
incontinence, posterior surgical approaches, tumour resection procedures, and obesity as independent risk factors for
postoperative SSIs [13]. The role of diabetes and high BMI
as risk factors has been supported in other studies [28–
31]. Information on preoperative risk factors for SSI, such
as diabetes, previous surgery, obesity, previous exposure to
radiation, and smoking, was not consistently recorded in our
databases. Therefore, comparison of the group of patients in
our study with those in other published cohorts based on
these variables was not possible. More formal case-control or
randomized studies on this topic could better answer these
important questions.
HBO has been reported to heal postoperative spinal
infections in adults with intact osteosynthesis material [32].
The therapeutic effect of HBO treatment with regard to
infections is mainly attributable to reduction of hypoxia in
tissues with significant improvement in leucocyte phagocytic
killing capacity [33]. Larsson et al. have evaluated possible
benefits of HBO therapy in the treatment of deep postoperative infections in patients with neuromuscular spine deformity, suggesting that HBO therapy is a safe and potentially
useful adjuvant treatment to the standard therapy of early
postoperative deep infections [34, 35].
The present study also cannot answer the possible reasons
for lower infection rates after open lumbar spinal surgery.
However, several potential mechanisms may have important
roles [6]. To avoid SSIs after spinal surgery, ultimately, there
is no replacement for sterile methods, meticulous hemostasis
and closure, and appropriate preoperative antibiotic prophylaxis. Further study is required to validate these findings
through more direct comparisons of traditional open versus
minimally invasive approaches.
Based on our data and those from previous studies [25],
the rates of postoperative wound infections were significantly
higher for cases that included fusion or implants than
those that did not. It is important to recognize that these
data do not necessarily suggest a causative link between
infection and performance of fusion or implantation but
rather likely reflect a greater complexity and associated risk
for cases that require fusion or implantation. The overall
infection rate for procedures performed with a minimally
invasive approach was significantly lower compared with that
for those without. Importantly, several procedures that are
commonly performed using a minimally invasive approach
(e.g., lumbar discectomy), in general, have a relatively low
infection rates, whereas more complex procedures that are
typically conducted using a traditional open approach (e.g.,
degenerative scoliosis or neuromuscular kyphosis) have substantially higher infection rates [28].
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5. Conclusions
We detected a low rate of SSIs in this large series of patients
who underwent open lumbar spinal surgery. In addition, we
provided the precise rates (2.03%) of postoperative wound
infections in traditional open spinal surgery from a singlecenter data. The incidence of SSIs in patients with spinal
implants was higher than that in those patients without spinal
implants. Further large-scale prospective studies using a clear
definition of complication are necessary to ascertain the true
incidence of postoperative complications in spinal surgery.
Our data provide a general benchmark of infection rates as
a basis for ongoing efforts to improve safety of care.

Conflict of Interests
The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgments
This study is supported in part by Taiwan Ministry of Health
and Welfare Clinical Trial and Research Center of Excellence
(MOHW104-TDU-B-212-113002), Taiwan Ministry of Science and Technology (NSC102-2314-B-039-025), and China
Medical University (CMU103-S-47). The authors thank Mr.
Joe Chiu and Miss Jin-Mei Wang for the paper preparation.

References
[1] M. Umer, H. M. Umer, I. Qadir et al., “Autoclaved tumor
bone for skeletal reconstruction in paediatric patients: a low
cost alternative in developing countries,” BioMed Research
International, vol. 2013, Article ID 698461, 8 pages, 2013.
[2] C. E. Udobi, A. F. Obajuluwa, and J. A. Onaolapo, “Prevalence and antibiotic resistance pattern of methicillin-resistant
Staphylococcus aureus from an orthopaedic hospital in nigeria,”
BioMed Research International, vol. 2013, Article ID 860467, 4
pages, 2013.
[3] A. Motolese, F. Vignati, R. Brambilla, M. Cerati, and A. Passi,
“Interaction between a regenerative matrix and wound bed
in nonhealing ulcers: results with 16 cases,” BioMed Research
International, vol. 2013, Article ID 849321, 5 pages, 2013.
[4] S. S. Awad, “Adherence to surgical care improvement project
measures and post-operative surgical site infections,” Surgical
Infections, vol. 13, no. 4, pp. 234–237, 2012.
[5] T. Chikawa, T. Sakai, N. N. Bhatia et al., “Retrospective study
of deep surgical site infections following spinal surgery and
the effectiveness of continuous irrigation,” British Journal of
Neurosurgery, vol. 25, no. 5, pp. 621–624, 2011.
[6] J. E. O’Toole, K. M. Eichholz, and R. G. Fessler, “Surgical site
infection rates after minimally invasive spinal surgery. Clinical
article,” Journal of Neurosurgery: Spine, vol. 11, no. 4, pp. 471–476,
2009.
[7] M.-C. Maa, “Infectious diseases: a never-ending threat,”
BioMedicine, vol. 3, no. 1, p. 1, 2013.
[8] A. Gerometta, J. C. R. Olaverri, and F. Bitan, “Infections in spinal
instrumentation,” International Orthopaedics, vol. 36, no. 2, pp.
457–464, 2012.

BioMed Research International
[9] D. S. Meredith, C. K. Kepler, R. C. Huang, B. D. Brause, and
O. Boachie-Adjei, “Postoperative infections of the lumbar spine:
presentation and management,” International Orthopaedics, vol.
36, no. 2, pp. 439–444, 2012.
[10] J. J. P. Schimmel, P. P. Horsting, M. de Kleuver, G. Wonders, and
J. van Limbeek, “Risk factors for deep surgical site infections
after spinal fusion,” European Spine Journal, vol. 19, no. 10, pp.
1711–1719, 2010.
[11] A. Fang, S. S. Hu, N. Endres, and D. S. Bradford, “Risk factors
for infection after spinal surgery,” Spine, vol. 30, no. 12, pp. 1460–
1465, 2005.
[12] J. B. Massie, J. G. Heller, J. J. Abitbol, D. McPherson, and S.
R. Garfin, “Postoperative posterior spinal wound infections,”
Clinical Orthopaedics and Related Research, no. 284, pp. 99–108,
1992.
[13] M. A. Olsen, J. Mayfield, C. Lauryssen et al., “Risk factors
for surgical site infection in spinal surgery,” Journal of Neurosurgery, vol. 98, no. 2, supplement, pp. 149–155, 2003.
[14] C.-L. Hsieh, “Acupuncture as treatment for nervous system
diseases,” BioMedicine, vol. 2, no. 2, pp. 51–57, 2012.
[15] Y. S. Chen, “Effects of electrical stimulation on peripheral nerve
regeneration,” BioMedicine, vol. 1, no. 1, pp. 33–36, 2011.
[16] S. L. Parker, O. Adogwa, T. F. Witham, O. S. Aaronson, J. Cheng,
and M. J. McGirt, “Post-operative infection after minimally
invasive versus open transforaminal lumbar interbody fusion
(TLIF): literature review and cost analysis,” Minimally Invasive
Neurosurgery, vol. 54, no. 1, pp. 33–37, 2011.
[17] R. C. Sasso and B. J. Garrido, “Postoperative spinal wound
infections,” Journal of the American Academy of Orthopaedic
Surgeons, vol. 16, no. 6, pp. 330–337, 2008.
[18] A. G. Christodoulou, P. Givissis, P. D. Symeonidis, D. Karataglis,
and J. Pournaras, “Reduction of postoperative spinal infections
based on an etiologic protocol,” Clinical Orthopaedics and
Related Research, no. 444, pp. 107–113, 2006.
[19] F. G. Barker II, “Efficacy of prophylactic antibiotic therapy in
spinal surgery: a meta-analysis,” Neurosurgery, vol. 51, no. 2, pp.
391–401, 2002.
[20] M. A. Olsen, J. J. Nepple, K. D. Riew et al., “Risk factors for
surgical site infection following orthopaedic spinal operations,”
The Journal of Bone and Joint Surgery—American Volume, vol.
90, no. 1, pp. 62–69, 2008.
[21] J. R. Vender, S. Hester, P. J. Houle, H. F. Choudhri, A. Rekito, and
D. E. McDonnell, “The use of closed-suction irrigation systems
to manage spinal infections,” Journal of Neurosurgery: Spine, vol.
3, no. 4, pp. 276–282, 2005.
[22] D. E. Connor Jr., P. Chittiboina, G. Caldito, and A. Nanda,
“Comparison of operative and nonoperative management of
spinal epidural abscess: a retrospective review of clinical and
laboratory predictors of neurological outcome Clinical article,”
Journal of Neurosurgery: Spine, vol. 19, no. 1, pp. 119–127, 2013.
[23] R. W. Molinari, O. A. Khera, and W. J. Molinari III, “Prophylactic intraoperative powdered vancomycin and postoperative
deep spinal wound infection: 1,512 consecutive surgical cases
over a 6-year period,” European Spine Journal, vol. 21, supplement 4, pp. S476–S482, 2012.
[24] T.-Y. Ho, H.-Y. Lo, C.-C. Li, J.-C. Chen, and C.-Y. Hsiang,
“In vitro and in vivo bioluminescent imaging to evaluate antiEscherichia coli activity of Galla Chinensis,” BioMedicine, vol. 3,
no. 4, pp. 160–166, 2013.
[25] J. S. Smith, C. I. Shaffrey, C. A. Sansur et al., “Rates of infection
after spine surgery based on 108,419 procedures: a report

BioMed Research International

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

from the Scoliosis Research Society morbidity and mortality
committee,” Spine, vol. 36, no. 7, pp. 556–563, 2011.
M. A. Weinstein, J. P. McCabe, and F. P. Cammisa Jr., “Postoperative spinal wound infection: a review of 2,391 consecutive index
procedures,” Journal of Spinal Disorders, vol. 13, no. 5, pp. 422–
426, 2000.
L. Mastronardi and C. Tatta, “Intraoperative antibiotic prophylaxis in clean spinal surgery: a retrospective analysis in a
consecutive series of 973 cases,” Surgical Neurology, vol. 61, no.
2, pp. 129–135, 2004.
N. D. Friedman, D. J. Sexton, S. M. Connelly, and K. S.
Kaye, “Risk factors for surgical site infection complicating
laminectomy,” Infection Control and Hospital Epidemiology, vol.
28, no. 9, pp. 1060–1065, 2007.
Z. Kanafani, G. Dakdouki, O. El-Dbouni, T. Bawwab, and S.
Kanj, “Surgical site infections following spinal surgery at a
tertiary care center in Lebanon: incidence, microbiology, and
risk factors,” Scandinavian Journal of Infectious Diseases, vol. 38,
no. 8, pp. 589–592, 2006.
J. C. Liao, W. J. Chen, L. H. Chen, and C. C. Niu, “Postoperative wound infection rates after posterior instrumented spinal
surgery in diabetic patients,” Chang Gung Medical Journal, vol.
29, no. 5, pp. 480–485, 2006.
C. Wimmer, H. Gluch, M. Franzreb, and M. Ogon, “Predisposing factors for infection in spine surgery: a survey of 850 spinal
procedures,” Journal of Spinal Disorders, vol. 11, no. 2, pp. 124–
128, 1998.
G. N. Askin, R. Hallett, N. Hare, and J. K. Webb, “The outcome
of scoliosis surgery in the severely physically handicapped child:
an objective and subjective assessment,” Spine, vol. 22, no. 1, pp.
44–50, 1997.
M. K. Park, R. A. M. Myers, and L. Marzella, “Oxygen tensions
and infections: modulation of microbial growth, activity of
antimicrobial agents, and immunologic responses,” Clinical
Infectious Diseases, vol. 14, no. 3, pp. 720–740, 1992.
A. Larsson, J. Uusijärvi, F. Lind, B. Gustavsson, and H. Saraste,
“Hyperbaric oxygen in the treatment of postoperative infections
in paediatric patients with neuromuscular spine deformity,”
European Spine Journal, vol. 20, no. 12, pp. 2217–2222, 2011.
J. T. Liu, J. K. Lee, Y. S. Tyan, C. Y. Liu, Y. H. Chen, and T. B.
Lin, “Neuromodulation on cervical spinal cord combined with
hyperbaric oxygen in comatose patients—a preliminary report,”
Surgical Neurology, vol. 72, supplement 2, pp. S28–S34, 2009.

5

MEDIATORS
of

INFLAMMATION

The Scientific
World Journal
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Gastroenterology
Research and Practice
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com

Diabetes Research
Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

International Journal of

Journal of

Endocrinology

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Volume 2014

Submit your manuscripts at
http://www.hindawi.com
BioMed
Research International

PPAR Research
Hindawi Publishing Corporation
http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Volume 2014

Journal of

Obesity

Journal of

Ophthalmology
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Evidence-Based
Complementary and
Alternative Medicine

Stem Cells
International
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Journal of

Oncology
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Parkinson’s
Disease

Computational and
Mathematical Methods
in Medicine
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

AIDS

Behavioural
Neurology
Hindawi Publishing Corporation
http://www.hindawi.com

Research and Treatment
Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Oxidative Medicine and
Cellular Longevity
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

