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Background/Purpose: It is unclear whether implant removal is necessary when deep spine infection of
spinal instrumentation occurs. This study compares mortality, relapse, and reoperation rates between
such patients with and without removal of spine implants.
Methods: A total of 20 patients were retrospectively reviewed. Baseline characteristics of the implant
removal and nonremoval groups were compared. Outcome measures between groups were compared
using multivariable logistic regression and predictors of each outcome identiﬁed.
Results: There were no signiﬁcant differences in mortality, relapse, or reoperation rates between groups.
Multiple vertebral level involvement was common (85%), and the L4 (30%) and L5 (35%) levels were most
commonly involved. The majority of patients had osteomyelitis/spondylodiscitis (50%) and Staphylococcus aureus infections (60%). Thoracic spine infection was associated with relapse (odds ratio ¼ 1.26)
and reoperation (odds ratio ¼ 1.101).
Conclusion: Implant removal is not always necessary in cases of deep spine infection as retention of
implants is not associated with higher mortality, relapse, or reoperation rates.
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中 文 摘 要
背景/目的: 目前還不清楚是否需要在已有脊柱內固定植入物發生深層脊椎感染時將脊柱植入物移除。這項研
究比較了有移除或沒有移除脊柱植入物的患者之間的死亡率、復發率和再手術率。
方法: 回顧性分析20例受試者。比較植入物去除和未去除組別的基線特徵。以多變量邏輯和預測因子將兩組
別每個確定的結果測量進行比較。
結果: 兩組別之間的死亡率、復發率或再手術率無
統計學意義的差異。多站點脊椎發生是常見的(85%)。
L4(30%)和L5(35%) 最常見的。大多數患者有骨髓炎/脊椎椎間盤炎 (50%) 和金黃葡萄球菌感染(60%)。胸椎感
染與復發 (OR¼1.26) 和再次手術 (OR¼1.101)有關。

Introduction
Deep infection involving the instrumented spine is an unfortunate complication of spine surgery with an incidence ranging from
0.2% to 6.7%.1e4 Infection could result from haematogenous seeding, adjacent spread, or contamination during the time of spinal
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instrumentation.5e7 Management should aim at timely diagnosis8
and instituting early treatment. This often involves a prolonged
course of appropriate antibiotics, surgical debridement, with or
without the removal of existing implants.8
Microorganisms form a layer of bioﬁlm on implants, leading to
difﬁculty in eradication, and frequent relapses.9 The surgical
dilemma is whether the spinal implants should be routinely
removed to aid bacterial clearance, or should they be retained to
provide spinal stability.
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When stabilization is critical, removal of implants may lead to
neurological sequelae, problems with brace ﬁtting or prolonged
bed immobilisation that has to be balanced with the potential
beneﬁts of eradicating infection and reducing recurrence.10
In this study, we compared the outcomes in terms of mortality,
relapse, and reoperation in patients with spinal instrumentation
who either underwent implant retention or removal. We hypothesized that there would be no difference in any of the outcomes
between these two groups.
Methods
This was part of a large retrospective study of all patients with
pyogenic deep spine infection treated at an academic medical
centre in Singapore from 1999 to 2012.11 The hospital is a tertiary
healthcare centre with seven spine specialists and eight active infectious disease specialists. Surgery for all deep spine infection was
decided based on a clinical consensus made during grand rounds
attended by the same panel of spine specialists in consultation with
the infectious disease team.
This study deﬁned deep spine infection as patients with clinically and radiologically apparent typical features, with or without
the isolation of microorganisms because of the well-documented
risk of false-negative sampling.12,13 Patients without radiological
evidence of deep spine infection were excluded. In our inclusion
criteria, patients had clinical features of back pain or constitutional
symptoms (fever, loss of weight and appetite) and radiological
evidence on magnetic resonance imaging (MRI) scans, including
increased signal intensity on T2-weighted images in the vertebral
body or disc space, or decreased signal intensity in the disc and
adjacent endplates on T1-weighted images, with or without the
presence of epidural and paraspinal abscesses. Patients with suspected tuberculous infections, which are endemic in the region,
were excluded.
All study patients were identiﬁed from electronic databases
maintained by both the orthopaedic and infectious disease departments. Further veriﬁcation was performed by two independent
auditors not directly involved in the study, to ensure that all patients met the inclusion criteria before enrolment.
Following Domain Speciﬁc Institutional Review Board and National Ethics Domain Speciﬁc Review Board approval (reference
number: 2011/02010), all electronic documentations and hardcopy
medical case records were reviewed. The main outcome data
collected included patient mortality, relapse of deep infection
requiring only further antibiotics, and reoperation for deep spine
infection. Patient characteristics and other possible predictors of
poor outcome were also collected. They include demographics,
comorbidity, clinical presentation, details of spine infection
(radiological, laboratory, and microbiological ﬁndings), antibiotics
treatment, and surgical details (debridement and surgery).
All data were collected by a single doctor and audited by an
independent orthopaedic specialist for accuracy. Any doubt in the
clinical documentation was clariﬁed with the primary team managing the patient. All radiological images inclusive of X rays,
computed tomography, and gadolinium-enhanced MRI were
reviewed by two additional orthopaedic surgeons not directly
involved in the study. If there was any discrepancy in the interpretation of these images, another musculoskeletal radiologist was
consulted and a consensus was reached.
All patients were followed up for the three outcome parameters
up to a minimum of 2 years duration or if a positive outcome
occurred, whichever was shorter. All patients whose medical records showed a loss to follow-up were also contacted to ensure that
they did not visit another hospital for relapse of infection requiring
treatment.
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Statistical analysis
All information collected was entered into Microsoft Excel
Spreadsheet 2011 (version 14.0.4760.1000, 32-bit; Microsoft Corporation, Redmond, WA, USA) and analysed using SPSS version 16
(SPSS Inc., Chicago, IL, USA). Statistical signiﬁcance was set as
p < 0.05 for all computations. Univariate analysis was performed for
baseline patient characteristics between those with implant
removal and those without using c2 and t tests. Multivariable logistic regression modelling was subsequently used to determine
the differences in both groups in terms of outcome measures, while
adjusting for confounders. Odds ratios (ORs) are represented and
signiﬁcant predictors of each outcome were also identiﬁed.
Results
This study included 20 patients who satisﬁed the inclusion
criteria. There were 12 men (60%) and eight women (40%). Their
mean age was 52.6 (standard deviation, 18.4) years. Out of the 20
patients, seven had diabetes mellitus (35%) and two had chronic
renal failure (10%). At presentation, 13 patients (65%) had signiﬁcant back pain, seven patients (35%) had persistent fever, and ﬁve
patients (25%) had new-onset neurological deﬁcits. Table 1 shows
the baseline characteristics of the patients who were similar for
both groups.
The most commonly involved level of the spine was the lumbar
region, speciﬁcally at L4 and L5, which was involved in 30% and 35%
of the patients, respectively. Multiple vertebral level involvements
occurred in 85% of the patients. The prevalence of osteomyelitis/
spondylodiscitis (50%), epidural abscess (45%), and paravertebral/
psoas abscess (40%) was similar. There was no signiﬁcant difference
in the mean total white blood cell count, erythrocyte sedimentation
rate, and C-reactive protein values for both groups. No patients
presented with pathological fractures in our cohort.
Microorganisms were identiﬁed in 19 patients (95%). Staphylococcus aureus was the most common causative organism isolated
(60%),14,15 followed by Klebsiella pneumoniae (15%). In our institution, cefazolin is the empirical antibiotic of choice when a deep
spine infection is suspected. It is started promptly after cultures
have been taken from the patient and changed accordingly based
on deﬁnitive culture results. All empirical antibiotics started were
ultimately effective against the microorganism with the exception
of two patients (1 patient from each group). In these patients, the
antibiotic was adjusted accordingly soon after culture results were
available. Intravenous antibiotics were converted to oral antibiotics
for all patients upon reduction of all inﬂammatory markers (total
white blood cell count, erythrocyte sedimentation rate, C-reactive
protein) below 50% of the peak values. They were only stopped
after 6 weeks to 3 months of treatment if the patient also had
resolution of clinical features, and supporting evidence from an
interval gadolinium-enhanced MRI if available.
In our series, 17 patients (85%) had one operation and 16 patients (94%) were successfully treated with follow-up antibiotics for
a total duration of 3 months. Three patients (15%) required two
operations and all were successfully treated with follow-up antibiotics for a total duration of 3 months. No patients required more
than two operations. All cases had a low suction drain connected to
the surgical site that was only removed when not needed.
When comparing patients between the two groups for outcome
variables, there was no difference in mortality, relapse, and reoperation rates. Under multivariate analysis, thoracic spine infection
was the single parameter found to be associated with higher relapse
(OR ¼ 1.26, 95% conﬁdence interval ¼ 1.097e1.447) and reoperation
rates (OR ¼ 1.101, 95% conﬁdence interval ¼ 1.037e1.168). Table 2
shows the results for the three different outcomes in this study
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Table 1
Baseline characteristics of study population

Demographics
Mean age (y)
Sex
Ethnicity (Chinese)
Comorbidity
ASA 1e2
ASA 3e4
Charlson 0a
Charlson 1
Charlson 2
Charlson 3
Charlson 4
Charlson >4
Clinical presentation
Back pain
Fever
LOW/LOA
Neurological symptoms
Neurological deﬁcits
Autonomic involvement
No. of spinal level involvement
0
1 level
2 levels
3 levels
>3 levels
Site of infection
Osteomyelitis/spondyldiscitis
Epidural abscess
Paravetebral/psoas
Laboratory values (at admission)
WBC (109/L)
ESR (mm/h)
CRP (mg/L)
Laboratory values (highest point)
WBC (109/L)
ESR (mm/h)
CRP (mg/L)
Microbiology
Staphylococcus aureus
Klebsiella pneunomiae
Pseudomonas aeruginosa
Coagulase-negative staphylococci
Escherichia coli
Antimicrobials (empirical)
Cefazolin
Vancomycin
Cloxacillin

n ¼ 20

n ¼ 13 (retain)

52.6
12 male
8 female
65

56.3
9 male
4 female

16
4
3
0
5
4
5
3

11
2
1
0
3
4
2
3

84.6
15.4
7.7
0.0
23.1
30.8
15.4
23.1

5
2
2
0
2
0
3
0

71.4
28.6
28.6
0.0
28.6
0.0
42.9
0.0

13
7
3
1
5
2

10
5
3
0
4
1

76.9
38.5
23.1
0.0
30.8
7.7

3
2
0
1
1
1

42.9
28.6
0.0
14.3
14.3
14.3

0.063
0.589
0.147
0.141
0.090
0.496

0
3
10
3
4

0
0
8
3
2

0
0
61.5
23.1
15.4

0
3
2
0
2

0
42.9
28.6
0
28.6

0.379

10
9
8

6
6
7

46.2
46.2
53.8

4
2
2

57.1
28.6
28.6

0.425
0.161
0.054

9.3 (SD 2.4)
56.8 (SD 31.1)
60.5 (SD 71.3)

9.2 (SD 2.8)
59.4 (SD 30.7)
49 (SD 26.9)

9.4 (SD 1.2)
50.3 (SD 20.3)
77.6 (SD 100.0)

0.875
0.638
0.468

16.9 (SD 7.2)
86.4 (SD 29.9)
103.7 (SD 88.8)

15.7 (SD 5.3)
79.0 (SD 34.5)
78.9 (SD 70.9)

18.7 (SD 8.4)
98.0 (SD 10.1)
142.5 (SD 97.2)

0.412
0.198
0.143

12
3
2
1
1

9
2
1
1
1

69.2
15.4
7.7
7.7
7.7

3
1
1
0
0

42.9
14.3
14.3
0.0
0.0

0.734

16
2
2

11
1
1

84.6
7.7
7.7

5
1
1

71.4
14.3
14.3

0.253

%

69.2
30.8
61.6

n ¼ 7 (remove)
45.7
3 male
4 female

%

42.9
57.1
71.4

p
0.232
0.096
0.317
0.292
0.271

ASA ¼ American Society of Anesthesiology; CRP ¼ C-reactive protein; ESR ¼ erythrocyte sedimentation rate; LOA ¼ loss of appetite; LOW ¼ loss of weight; SD ¼ standard
deviation; WBC ¼ white blood cell count.
a
Charlson comorbidity score.

arm. Of note, two patients had infection involving the thoracic spine,
and one of these had implants retained and the other had implants
removed.
Discussion
Deep infection involving the instrumented spine is a serious
complication and occurs with an incidence ranging from 0.2% to
6.7%.1e4 It results in substantial morbidity to the patient and burdens the healthcare system.16 Patients with this complication may
require prolonged hospital stay for intravenous antibiotics or
multiple surgical procedures aimed at radical debridement and
washout of infected tissues to control the infective load. However,
little is known as to how extensive this infective clearance should
be, and whether it should include instrument removal or
retention.17

Our study examined speciﬁcally the outcomes of removing or
retaining spinal implants in the context of a deep infection of an
instrumented spine. We found no difference in terms of mortality,
relapse, and reoperation for both groups of patients. These results
are supported by earlier studies18,19 and suggest that implant
removal need not be routine if there is a clinical indication for
keeping the implants and a thorough debridement has been performed. The decisions are usually made balancing the beneﬁts of
infection eradication and risks of losing spinal stability in the
absence of bony fusion.20,21 Other studies in the literature that
support implant removal have emphasised the need for infection
eradication to prevent relapse and reoperation but the evidence for
this has been weak and often disputed.22,23 In fact, there is
increasing awareness of aseptic inﬂammation from metal corrosion
masquerading as culture-positive infection and any microorganism
isolated in such cases may be of no pathogenic signiﬁcance.22,24
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Table 2
Mortality, relapse and reoperation rates following implant-retaining or implantremoval surgery
Mortality (n ¼ 2)
Treatment
Implant retained (n ¼ 1)
Implant removed (n ¼ 1)
Parameter
Age
ASA
CCI
Relapse (n ¼ 4)
Treatment
Implant retained (n ¼ 2)
Implant removed (n ¼ 2)
Parameter
Age
ASA
CCI
Thoracic spine infection
Reoperation (n ¼ 3)
Treatment
Implant retained (n ¼ 2)
Implant removed (n ¼ 1)
Parameter
Age
ASA
CCI
Thoracic spine infection

OR
1
1.021
OR
0.839
1.149
1.057

95% CI
d
0.817e1.274
95% CI
0.568e1.238
0.992e1.312
0.924e1.227

p
d
0.857
p
0.376
0.063
0.084

OR
1
0.983
OR
1.056
1.161
1.052
1.260

95% CI
d
0.749e1.290
95% CI
0.636e1.754
0.972e1.388
0.954e1.269
1.097e1.447

p
d
0.901
p
0.833
0.1
0.275
0.001

OR
1
0.977
OR
0.812
1.113
1.253
1.101

95% CI
d
0.876e1.091
95% CI
0.670e1.252
0.842e1.326
0.934e1.296
1.037e1.168

p
d
0.681
p
0.821
0.538
0.172
0.002

ASA ¼ American Society of Anesthesiology; CCI ¼ Charlson Comorbidity Index;
CI ¼ conﬁdence interval; OR ¼ odds ratio.

Routine removal of implants in these patients may be unnecessary
and potentially harmful.
It has also been shown previously that microbes form a layer of
bioﬁlm and adhere to the surface of implants, leading to difﬁculty
in eradication.25 These microbes are embedded within a selfproduced matrix of extracellular polymeric substance compose of
extracellular DNA, proteins, and polysaccharides, and is impervious
to the usual antibodies in the systemic circulation. Furthermore,
they respond to many factors via cellular recognition of speciﬁc or
nonspeciﬁc attachment sites on surfaces and undergo a phenotypic
shift in behaviour to enable self-sustainment and resistance to
most antibiotics.26 It is therefore suggested that the only way to
remove these microbes would require removal of these implants.
Although this phenomenon has been demonstrated in arthroplastic
surgery,19 it has not been as well documented in spine surgery. It is
believed that a good blood supply at the axial skeleton compared to
the appendicular skeleton makes it feasible to at least suppress
these infections if not eradicate them.27
Moreover, routine removal of implants would mean subjecting
patients who may have spinal instability to potential neurological
sequelae.28,29 This occurs in a number of scenarios including a
fractured spine when bony union has not occurred following ﬁxation; a resected spine tumour when major resection renders
instrumentation support mandatory; and deformed surgery
following recent curve correction before bony fusion takes place. To
address this issue often requires the use of external orthoses or
prolonged bed immobilisation30 in exchange for spinal instrumentation, which is not without inherent disadvantages. A balance of the
beneﬁts and risks is required in such circumstances. Larger and
longer follow-up studies are required to evaluate the pros and cons
for each approach before strong recommendations can be made.
When retaining implants is preferred for stability, the literature
has conﬂicting data. Some authors have proposed surgical
debridement and spinal stabilization performed as a single stage
for a better chance of fusion and avoidance of deformity.20,21 They
recommend that the wound should be closed over multiple drains
to allow subsequent clearance of collection.31 However, other
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studies have advocate serial wound washouts with retention of
implants.1,2,17 Yet others propose to treat with long-term appropriate antibiotics as a form of suppressive therapy and delay
removal of implants only until fusion has occurred.27 The use of
local vancomycin powder in the wound has also be described.32 In
our series, 17 patients (85%) had one operation and 16 patients
(94%) had good outcomes. We believe that a single, thorough surgical debridement of the infected spine without implant removal is
usually sufﬁcient. Proper assessment of the purpose and functionality of the implants at the point of debridement is crucial if
removal is contemplated. Indications for removal of implants usually include loosening33 or if they are no longer necessary in the
absence of spinal instability.34
Our multivariate analysis showed that thoracic spine involvement was a predictor of higher relapse and reoperation rates in
patients retaining their implants. We believe that this could have
been due to compromised initial debridement in an attempt to
avoid a cord injury,35 or a poorer blood supply present at the
proximal thoracic spine watershed area such that response to
antibiotic treatment was suboptimal. This ﬁnding has not been
shown in the literature and may be worth exploring in future larger
studies.
There were several strengths to this study. Although retrospective, it utilized reliable data collected judiciously by two departments via a database over the past 14 years. A minimum 2-year
follow-up was also available for all patients who did not have a
positive event to allow meaningful statistical calculation. However,
we acknowledge that the sample population was small and may not
have been powered to show signiﬁcance in outcome. The retrospective nature of this study, which inherently results in missing
data, prohibits the assessment of chronicity of infection when
comparing groups. This may be a potential confounding factor.
Finally, with the patients managed over a 14-year period, the authors also recognize inevitable time-dependent factors that could
have biased the results. Nevertheless, the results shown in this
study can still add to the existing evidence if interpreted with
caution.
In conclusion, removing spinal implants in the context of an
infected spine to better control infection appears to have no additional beneﬁt compared to retaining these implants with respect to
mortality, relapse, and reoperation rates. We believe that deep
infection of the spine does not necessitate routine removal of
existing implants and the decision to remove or retain implants
should always consider the best evidence of the beneﬁts and risks
for so doing. Larger prospective studies should be conducted to
validate this observation.
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