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Abstract

We designed this retrospective study with aims to investigate the incidence

and risk factors associated with surgical site infection (SSI) following posterior

lumbar interbody fusion (PLIF) and instrumentation in patients with lumbar

degenerative disease. Eligible patients treated between January 2016 and June

2019 were included. Electronic medical records were inquired for data extrac-

tion and collection. Patients with SSI and without SSI were compared using

the univariate analyses, and the association between variables and risk of SSI

was investigated using multivariate logistics regression analyses. Among 1269

patients, 43 were found to have SSI, indicating a rate of 3.4%. Microbiological

culture tests showed 88.4% patients had a positive result. Four SSIs were cau-

sed by mixed bacterial, and the remaining 34 by single bacteria. Multiple drug-

resistant strains were detected in 25 (65.8%) SSIs, with meticillin-resistant

coagulase-negative staphylococcus (MRCNS) predominating (12, 48.0%). ASA

III and above (odd ratio (OR), 1.67; 95% confidence interval (CI), 1.11 to 3.07),

preoperative stay (OR, 1.13; 95% CI, 1.04 to 1.23), heart disease (OR, 2.88; 95%

CI, 1.24 to 6.71), diabetes mellitus (OR, 3.28; 95% CI, 1.66 to 6.47) and renal

insufficiency (OR, 4.23; 95% CI, 1.26 to 10.21), prolonged prophylactic antibi-

otics use (OR, 4.43; 95% CI, 2.30 to 8.54), and the reduced lymphocyte count

(OR, 2.11; 95% CI, 1.03 to 4.33) were identified as independent risk factors

associated with SSI. These factors, although most not modifiable, should be

kept in mind, optimised for surgical conditions, or readily adjusted in the

future postoperative management of antibiotics, to reduce postoperative SSIs.
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1 | INTRODUCTION

Posterior lumbar interbody fusion (PLIF) surgery is
widely used in the field of spinal surgery for treatment of
spondylolisthesis and lumbar spinal stenosis, due to its
simple approach and surgical effectiveness. However, as
every other surgery, the surgical effect of PLIF is occa-
sionally compromised by the postoperative complica-
tions. In a meta-analysis of 192 studies, de Kunder et al1

conducted that PLIF group had a significantly higher
complication rate than in transforaminal lumbar inter-
body fusion (TLIF), with absolute rate difference of one-
fold (17.0% versus 8.7%). Surgical site infection (SSI), a
common complication but can lead to serious conse-
quence after spinal surgeries, varied in incidence rate,
from 0% to 20.0%.2-6 As was estimated, SSI was associated
with 11 additional days of hospitalisation per patient and
20% increased risk of readmission within 30 days of sur-
gery.2,4 Besides, the increased health care cost by addi-
tional hospitalisation and health care management is
another public concern.

In the past decade, numerous risk factors associated
with SSI after spinal fusion have been identified, and
indeed they provided a theoretical basis for construction
of risk prediction model and enhanced patient decision
making. In recent two meta-analyses, researchers pooled
the original results and concluded that diabetes, pro-
longed surgical time, obesity, surgical approach (poste-
rior versus others), number of operated levels,
instrumented surgery (versus non instrumented sur-
gery), and open surgery (versus minimally invasive sur-
gery) were predictors of SSI.5,7 From above, we can
speculate that patients undergoing the PLIF and instru-
mentation will experience a higher chance of SSI. How-
ever, as far as we know, there are scarce studies
specifying this subgroup to characterise the postopera-
tive SSI. Another concern is that most findings were
available from western studies, and it is likely that they
are not applicable to Asian population, because some
parameters of clinical importance such as body mass
index (BMI), prevalence of osteoporosis, and com-
orbidities, are recognised to be distinctly different
between both populations.8,9

In this study, we aimed, first to analyse the incidence
of postoperative SSI in patients who underwent PLIF and
instrumentation in our hospital from 2016 to June 2019,
and second to analyse multiple perioperative variables
and identify their independent association with SSI.

2 | METHODS

This retrospective study was approved by the ethics com-
mittee of the 3rd Hospital of Hebei Medical University,
which waived requirement for informed consent due to
the retrospective design and use of anonymous data.

Patients with lumbar degenerative disease treated by
PLIF and instrumentation in the 3rd Hospital of Hebei
Medical University between January 2016 and June 2019
were included for data extraction and analysis. Inclusion
criteria were: clinical and imaging diagnosis of lumbar
degenerative disease (i.e. lumbar disc herniation, lumbar
spondylolisthesis, lumbar spinal stenosis and adjacent
lesions), age over 18 years, the surgical treatment by PLIF
and instrumentation, complete medical records, as well
as follow-up at least 1 year.

Exclusion criteria were: patients lost to follow-up or
with incomplete medical records, surgery other than PLIF
surgery and instrumentation or PLIF only, patients with
primary or metastatic malignant tumours of the lumbar
spine, history of previous lumbar surgery (open or mini-
mally invasive surgery of the lumbar spine, excluding epi-
dural injections, needle biopsies, vertebroplasty, or
kyphoplasty), history of radiotherapy in the lumbar region
or death during hospital stay or follow-up period.

All surgical procedures via classic open posterior
approach for removal of spinous process, laminar decom-
pression, and instrumented fixation were accomplished
by 17 orthopaecis or spinal surgeons, with average of 74.6

Key Messages

• SSI after PLIF and instrumentation for lumbar
disease was not infrequent, with incidence of
3.4% within 1-year postoperatively

• multiple drug-resistant strains caused 65.8% of
the overall SSIs, an alarming figure, and
should be more paid attention to; necessary
adjustment of postoperative antibiotics use
strategy should be considered

• multiple perioperative have been identified to
be associated with SSI, although most not
modifiable, they aid in assessment of SSI risk
and accordingly stratifying patients
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(range, 13 to 273) procedures for each surgeon. Antibiotic
prophylaxis (cefuroxime, ceftriaxone, or ceftazidime) in
single dose was routinely administered 30 to 60 minutes
before skin incision, and for procedure lasting more than
3 hours, an extra dose is given. Postoperative antibiotic
prophylaxis, either for type or duration, was not
standardised, primarily dependent on surgeon experience
and preference.

2.1 | Definition and confirmation of SSIs

The diagnostic criteria for postoperative SSI are based on
the US Centers for Disease Control and Prevention
Guidelines (2017 edition) for the prevention of SSI.10

Superficial SSI refers to an infection occurring at skin
and subcutaneous tissues only within 30 days of surgical
procedure, with symptoms and signs of redness, tender-
ness, heat, and pain over the site. Deep SSI refers to an
infection involving the fascia and muscle, occurring
within 1 year (implant left in place), and often leads to
fever, pain, tenderness, persistent wound discharge or
dehiscence, abscess or gangrenosis that requires surgical
debridement and implant removal.

SSI cases were identified by reviewing the patients'
medical records for the potential documented signs or
symptoms during their hospitalisation stay, and by
retrieving the outpatient notes at scheduled visits and
reconfirming SSIs by telephone visit at the time point of
1 year after operation.

The reports of microbiological culture results from
patients who developed SSI were reviewed to confirm the
causative bacteria and their drug susceptibility.

2.2 | Data collection and definition of
variables

Based on presence or absence of SSI, patients were
divided into two groups, SSI and non-SSI group. Data on
each patient were extracted from the inpatient electronic
medical record and the outpatient follow-up registration.
The following data were extracted: patient-related factors,
such as gender, age, body mass index (BMI), smoking,
hypertension, diabetes, cardiovascular disease, cerebro-
vascular disease, liver disease, renal insufficiency, respi-
ratory disease; surgery-related factors, such as American
Society of Anesthesiologists (ASA) score, number of
levels operated, operative time, intraoperative blood loss,
use of allograft bone, allogeneic blood transfusion, post-
operative prophylactic antibiotics use and the duration;
and laboratory biomarkers, such as preoperative serum
albumin, white blood cell count, neutrophil count, total

lymphocyte count, red blood cell count, haematocrit,
haemoglobin, fasting blood glucose. As for patients who
had multiple times of laboratory tests preoperatively, the
one examined at the most approaching time to surgery
was selected for statistical analysis, for purpose of elimi-
nating their time-dependent effect.

Comorbidities were diagnosed after admission by their
treating surgeon, based on patients' self-reports; hyperten-
sion and diabetes mellitus were further confirmed by the
consecutive measurements (blood pressure, blood glucose
level) by the nurse in charge after admission. Respiratory
disease refers to a previous diagnosis of chronic obstructive
pulmonary disease (COPD), asthma, tuberculosis, and occu-
pational pulmonary disease (e.g. pneumoconiosis). Cardio-
vascular disease refers to coronary, congestive, valvular,
and congenital heart disease. Cerebrovascular disease
includes cerebral infarction (ischemic and haemorrhagic)
and history of cerebral apoplexy. Chronic liver disease refers
to hepatitis virus antigen positive and liver cirrhosis. Renal
insufficiency refers to a definite history of renal insuffi-
ciency, based on patient self-reports.

2.3 | Statistical analysis

Mean ± standard deviation (SD) and count (percentage)
were used to characterise the continuous and categorical
variables, respectively. Comparisons between SSI and non-
SSI group were performed using Chi-square or Fisher's
exact test for categorical data, and using Student-t test or
Mann Whitney-U test for continuous data, as appropriate.

The variables tested to be significant at the statistical
level of P < .1 in the univariate analyses were subsequently
included in the multivariate logistic regression model for
adjusted analyses. Stepwise backward elimination method
was used to remove variables whose independent associa-
tion with SSI was not significant at a threshold of P < .10.
The effect size for each variable retained in the final model
was reported as odds ratios (ORs) with corresponding 95%
confidence intervals (95% CIs). Hosmer–Lemeshow (H-L)
test was used to determine the goodness-of-fit of the final
model, with a P > .05 indicating an acceptable result; and
Nagelkerke R2 was used to further quantify that, with
greater value representing the better result. P < .05 was
regarded as indicative of statistical significance for all ana-
lyses. SPSS 25.0 software package (IBM, Armonk, NY) was
used to perform all analyses.

3 | RESULTS

Forty-three patients were diagnosed with an SSI, rep-
resenting an incidence rate of 3.4% (95% CI, 2.5% to
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4.4%). The SSI group consisted of 14 males and
29 females, with mean age of 55.9 years (SD, 14.6 years).
The onset time of SSI was at median of 9 days post opera-
tion, with the earliest occurrence at postoperative day
3 and the latest at postoperative day 76. Of these SSIs,
27 were superficial and 16 were deep. Microbiological
culture was routinely performed in all the 43 patients
with SSI, and 38 (88.4%) had a positive culture result. In
four patients with deep SSI and one with superficial SSI,
no organisms were isolated. There were 4 SSIs caused by
mixed bacterial, and the remaining 34 by single bacteria.
The details for the causative organisms were listed in
Table 1.

Multiple drug-resistant strains were found in 25 (65.8%)
SSIs, including 3 caused by mixed bacterial and 22 by single
bacterial, with meticillin-resistant Staphylococcus aureus
(MRSA) in 4 (16.0%), meticillin-resistant coagulase-negative
staphylococcus (MRCNS) in 12 (48.0%) and extended-
spectrum beta-lactamase (ESBLs) in 8 (32.0%) and car-
bapenems resistant acinetobacter baumannii (CR-AB) in
1 (4.0%) case.

The univariate analyses showed no significant differ-
ences between SSI and non-SSI groups in term of gender,
age in categorical variable, BMI (including prevalence of
obesity), cigarette smoking, hypertension, cerebrovascu-
lar disease, pulmonary disease, cerebrovascular disease,
liver disease, ASA, operated levels, use of allogeneic
blood transfusion, white blood cell, neutrophil count and
red blood cell in categorical variable, lymphocyte count
in continuous variable, total protein and platelet count in
both continuous and categorical variable (both forms).
Both groups significantly differed regarding age in con-
tinuous variable, prevalence of diabetes mellitus, heart
disease and renal insufficiency, preoperative stay (days),

postoperative drainage volume, surgical duration, postop-
erative use of antibiotics in days and proportion of that
above 3 days, albumin, haemoglobin, and fasting blood
glucose in both forms, white blood cell, neutrophil count,
red blood count and haematocrit in continuous variable,
and lymphocyte count in categorical variable. SSI was
associated with a 9.8-day more hospitalisation stay for
the index PLIF surgery (23.5 versus 13.7 days, P < .001)
(Table 2).

The multivariate analyses showed that ASA III and
above (vs I and II) (P = .039), prolonged preoperative stay
(in each day increment, P = .005), presence of chronic
heart disease (P = .014), diabetes mellitus (P = .001) and
renal insufficiency (P < .001), prolonged use of prophy-
lactic antibiotics (>3 days) (P < .001), and the reduced
lymphocyte count (<1.1 × 109/L) (P = .042) were identi-
fied as independent risk factors associated with SSI fol-
lowing PLIF surgery and instrumentation of lumbar
degenerative disease (all P < .05) (Table 3).

The final multivariate model was demonstrated to be
with adequate goodness-of-fit (P = .413, H-L test;
Nagelkerke R2 = .160).

4 | DISCUSSION

In this study, 1269 patients who underwent PLIF surgery
and instrumentation for degenerative lumbar disease
were retrospectively analysed and the incidence rate of
SSI was 3.4% during the 1-year follow-up period post-
operation. About two thirds of SSI were caused by multi-
ple drug-resistant strains, especially the MRCNS. Patients
with SSI had a significantly prolonged hospitalisation
stay (P < .001), about 10 days than those without SSI.
Seven factors, including ASA III and above (vs I and II),
prolonged preoperative stay, presence of chronic heart
disease, diabetes mellitus and renal insufficiency, pro-
longed use of prophylactic antibiotics (>3 days), and the
reduced lymphocyte count (<1.1 × 109/L) were identified
to be independently associated with SSI.

The incidence rate of SSI following lumbar fusion via
different surgical approaches was varied, ranging from
0% to 20%,2-6 consistent with our result (3.4%). These fig-
ures reflected the differences in study methodology,
patient characteristics, definition of SSI, and follow-
period. In a meta-analysis of outcomes of transforaminal
lumbar interbody fusion (TLIF) versus TLIF, de Kunder
et al1 concluded that PLIF resulted in a significantly
higher pooled infection rate (2.8% versus 1.6%) and the
overall complication rate (17.0% verses 8.7%) than TLIF.
This difference can be explained by the surgical approach
itself. Compared to TLIF, PLIF uses bilateral approach
instead of unilateral approach for discectomy, bone graft,

TABLE 1 Frequency of causative bacterial

Bacteria type Frequency

Single-bacteria causing SSI 34

Staphylococcus aureus 15

Pseudomonas aeruginosa 2

Escherichia coli 6

Acinetobacter baumannii 2

Staphylococcus epidermidis 7

Coagulase negative staphylococcus 2

Mixed-bacteria causing SSI 4

Staphylococcus aureus + pseudomonas
aeruginosa

1

Staphylococcus aureus + Enterobacter cloacae
+ Acinetobacter baumanii

1

Escherichia coli + Kleber pneumoniae 2
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TABLE 2 Univariate analyses of variables between SSI and non-SSI group following PLIF and instrumentation of elective spinal

degenerative disease

Variables Number (%) of DVT (n = 43) Number (%) of non-DVT (n = 1226) P

Gender (male) 14 (32.6) 562 (45.8) .086

Age (yr) 55.9 ± 11.2 52.0 ± 12.7 .048

18 to 44 7 (16.3) 312 (25.4) .292

45 to 64 26 (60.5) 708 (57.7)

65 or older 10 (23.3) 206 (16.8)

BMI (kg/m2) 26.6 ± 4.1 25.6 ± 3.7 .072

Obesity (≥28.0 kg/m2) 14 (32.6) 279 (22.8) .134

Cigarette smoking 9 (20.9) 215 (17.5) .566

Diabetes mellitus 15 (34.9) 142 (11.6) .186

Hypertension 16 (37.2) 331 (27.0) .140

Chronic heart disease 8 (18.6) 75 (6.1) .001

Cerebrovascular disease 6 (14.0) 89 (7.3) .101

Pulmonary disease 2 (4.7) 37 (3.0) .542

Chronic liver disease 4 (9.3) 53 (3.2) .121

Renal insufficiency 5 (11.6) 28 (2.3) <.001

Preoperative stay 5.0 ± 3.3 3.4 ± 2.6 <.001

Total hospital stay 23.5 ± 10.4 13.7 ± 4.5 <.001

ASA class .077

I and II 28 (65.1) 939 (76.6)

III or above 15 (34.9) 287 (23.4)

Operated levels 2.2 ± 2.6 1.7 ± 1.8 .063

Postoperative drainage (ml) 343.5 ± 132.6 274.2 ± 107.2 .004

Allograft bone graft 11 (25.6) 258 (21.0) .474

Intraoperative bleeding (ml) 902.3 ± 477.8 634.7 ± 436.3 <.001

Allogeneic blood transfusion (yes) 19 (44.2) 376 (30.7) .060

Surgical duration 203.9 ± 69.1 176.9 ± 76.7 .023

Duration of postoperative use antibiotics (d) 4.1 ± 3.7 2.5 ± 2.2 <.001

Duration of postoperative use antibiotics (>3 d) 21 (48.8) 244 (19.9) <.001

TP (g/L) 62.8 ± 8.8 64.4 ± 7.8 .168

TP (<58 g/L) 12 (27.9) 241 (19.7) .183

ALB (g/L) 38.3 ± 6.4 40.9 ± 5.2 .001

ALB (<35 g/L) 12 (27.9) 165 (13.5) .007

WBC (×109/L) 9.4 ± 5.3 8.2 ± 3.6 .033

WBC (>10 × 109/L) 17 (37.8) 373 (25.8) .070

NEUT (×109/L) 7.0 ± 5.2 5.7 ± 3.7 .024

NEUT (>6.3 × 109/L) 17 (39.5) 358 (29.2) .144

LYM (×109/L) 1.6 ± 0.9 1.0 ± 1.7 .182

LYM (<1.1 × 109/L) 14 (32.6) 206 (16.8) .007

RBC (×1012/L) 4.0 ± 0.6 4.3 ± 0.6 <.001

RBC (<lower limit) 10 (23.3) 166 (13.5) .070

HGB (g/L) 125.0 ± 18.5 133.3 ± 17.9 .003

HGB (<lower limit) 11 (25.6) 164 (13.4) .023
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and fusion cage implantation, therefore increasing the
duration for traction on the surrounding tissues and sub-
sequently the chance for bacterial colonisation.

Comorbid disease burden remains a significant case
of adverse events following surgery, and in this study, we
found chronic heart disease, diabetes mellitus, and renal
insufficiency were independent risk factors associated
with SSI, with the particularly strong magnitude of asso-
ciation, from 2.88 to 4.23. The heart disease and diabetes
mellitus as risk factors for SSI in various surgical fields
have been investigated and the mechanisms referred to
poorer microcirculation of the tissues around surgical tis-
sues, resulting from venous stasis, surgical trauma to
small blood vessels or microvessels, or the diabetic
angiopathy.11-14 Preoperative renal insufficiency as a sig-
nificant risk factor for SSI following PLIF was first
reported. While we are unable to elucidate the precise
underlying, we presume that patients with a history of

renal insufficiency may have experienced long-term
haemodialysis, autoimmune dysfunction, and use of glu-
cocorticoid therapy, which were well-established factors
for infection complications.5,15,16 The future study should
focus on clarifying the role of renal insufficiency in devel-
opment of SSI and excluding the confounding effects.

Contrary to partial but not all previous findings,17-19

age was not identified as an independent factor for SSI in
our multivariate analysis, although marginally significant
in the univariate analysis. Of note, we selected chronolog-
ical age rather than physiologic age as a variable for sta-
tistical analysis. However, to some extent, it is speculated
that the specific comorbidities have significant impact on
the aging process, thereby protruding the role of physio-
logic age. In a study of preoperative complications follow-
ing TLIF, Claus et al20 concluded that age was not a
predictor either for major or minor complications. Addi-
tionally, we found ASA grade III or above versus and I
and II was significantly more related to SSI occurrence
(OR, 1.67), further confirming our speculation. Therefore,
chronological age should not be a major factor when
deciding a surgery, and attention should focus on a thor-
ough evaluation and optimization of comorbidity, espe-
cially the heart disease, diabetes mellitus, and renal
insufficiency.

Prolonged hospitalisation stay was identified as a predic-
tor of SSI, with 1-day increment associated with 1.7-fold
increased risk of SSI. Consistent with our finding, Xu et al16

reported the incidence rate of SSI being 3.49% following
3326 orthopaedic surgeries and found preoperative stay
above 7 days was associated with 5.0-fold increased risk of
SSI (9.73% versus 1.63%). It should be note that, this was a
tertiary referral hospital, and prolonged preoperative
hospitalisation stay is generally commonly seen, due to the
high occupancy rate of operation room and the personnel.
In our opinion, the prolonged hospitalisation stay was more
a reflection of a poor surgical medical condition, which
required more time for optimization to meet the surgical

TABLE 2 (Continued)

Variables Number (%) of DVT (n = 43) Number (%) of non-DVT (n = 1226) P

HCT (%) 37.3 ± 5.4 39.7 ± 5.2 .002

HCT (<lower limit) 16 (37.2) 308 (25.1) .074

FBG (mmol/L) 7.0 ± 2.7 5.7 ± 1.4 <.001

FBG (>6.1 mmol/L) 22 (51.2) 318 (25.9) <.001

PLT (×109/L) 217.2 ± 90.2 217.8 ± 59.8 .956

PLT (>300 × 109/L) 6 (14.0) 110 (9.0) .265

Note: SSI, surgical site infection; BMI, body mass index; ASA, American Society of Anesthesiologists; RBC, red blood cell, reference range: Female, 3.5 to
5.0 × 1012/L; males, 4.0 to 5.5 × 1012/L. HGB, haemoglobin, reference range: Females, 110 to 150 g/L; males, 120 to 160 g/L; FBG, fasting blood glucose; HCT,
haematocrit, reference range: male, 40% to 50%; female: 35% to 45%; WBC, white blood cell; NEUT, neutrophile; LYM, lymphocyte; PLT, platelet; TP, total
protein; ALB, albumin; FBG, fasting blood glucose.

TABLE 3 Multivariate analyses of risk factors associated with

SSI following PLIF surgery and instrumentation of lumbar

degenerative disease

Variable OR and 95% CI
P
value

Prolonged preoperative stay (in
each day increase)

1.13 (1.04 to 1.23) .005

Chronic heart disease 2.88 (1.24 to 6.71) .014

Diabetes mellitus 3.28 (1.66 to 6.47) .001

Renal insufficiency 4.23 (1.26 to 10.21) <.001

ASA III and above 1.67 (1.11 to 3.07) .039

Postoperative prophylactic
antibiotics use >3 d

4.43 (2.30 to 8.54) <.001

Reduced lymphocyte count
(<1.1 × 109/L)

2.11 (1.03 to 4.33) .042

Abbreviations: ASA, American Society of Anaesthesiologists score; CI,

confidence interval; OR, odd ratio; SSI, surgical site infection.
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condition. In addition, for some patients the surgery itself
may incur more psychological stress and possible homeosta-
sis disorders, which, in turn, prolonged the preoperative
stay.21 Accordingly, adequate preoperative information,
timely adjustment of plan for optimization of medical con-
ditions, and psychological counselling when necessary, are
advocated for those with likely prolonged preoperative stay.

In our institution, postoperative prophylactic use of
antibiotics, either the types or the duration, was mainly
decided by the treating surgeon based on their preference
or experience. We arbitrarily divided patients into two
groups, with >3 days of prophylactic use of antibiotics
versus ≤3 days, and found the former was 4.4-fold
increased risk of SSI. In a recent study, Li et al17 did not
get the significant finding in their study of lumbar fusion
surgery, although the duration of postoperative prophy-
lactic use of antibiotics was overall similar as ours (3.0
verse 2.6 days). Leslie et al22 conducted a prospective
comparative study evaluating the effectiveness of preop-
erative cefazolin-only protocol versus preoperative plus
postoperative cefazolin protocol in instrumented fusion,
demonstrating the absolute difference in SSI incidence
(4.3% for pre plus post protocol, and 1.7% for pre only
protocol), although not significant in statistics primarily
due to the relatively less sample. In another study of com-
paring postoperative results from the use of antibiotic
prophylaxis for 1 versus 5 days, researchers got the same
complication rate in the surgical wound (28.6% versus
27.9%). Therefore, postoperative strategy on prophylactic
antibiotics use urgently needed to be adjusted in our
institution, and duration of prophylactic antibiotics use
<24 hours is recommended.10

This study suffered from several limitations. First,
the retrospective nature of this study might compromise
the accuracy and precision in data collection, which was
primarily associated with patients' recall bias. Second,
there is also the possibility of a selection bias because
this was a tertiary referral centre, and patients with
severe lumbar degenerative disease or more complex
underlying medical conditions were more likely referred.
Third, as every multivariate analysis, the residual con-
founding bias remains because for some infrequent com-
orbidities such as rheumatoid disease in which case
glucocorticoid is generally prescribed, or C-reactive pro-
tein (CRP) which was closed related to inflammatory/
immune reaction, relevant data were not available or not
routinely measured.

In summary, we found the SSI incidence rate of 3.4%
following PLIF surgery and instrumentation for degener-
ative lumbar disease. Several factors, including ASA III
and above (vs I and II), prolonged preoperative stay, pres-
ence of chronic heart disease, diabetes mellitus, and renal
insufficiency, prolonged use of prophylactic antibiotics

(>3 days), and the reduced lymphocyte count (<1.1*109/L)
were identified to be independently associated with SSI.
These factors, although most not modifiable, should be
kept in mind, be optimised for surgical condition, or be
adjusted in the future postoperative antibiotics use strat-
egy, to reduce the risk of postoperative SSI.
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