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ABSTRACT
Background: It is unclear whether patients can be taken off suppressive antibiotics with infected retained
instrumentation. This study aimed to retrospectively analyze the perioperative course and antibiotic regimen that led to
the clinical intervention of patients with infected spinal instrumentation.
Methods: Consecutive adult patients with spine instrumentation who suffered surgical site infections (SSI)
requiring debridement were retrospectively analyzed. The patients were grouped into 4 cohorts based on their clinical
intervention: removal of instrumentation, reinstrumentation, retention of instrumentation with continued antibiotic
suppression, and retention of instrumentation with no antibiotic suppression. Patient factors, infection factors,
debridement, and antibiosis were compared.
Results: Of the 67 patients with SSI after spine surgery and instrumentation, 19 (28%) had their instrumentation
removed, 6 (9%) had their instrumentation exchanged, 25 (37%) had their instrumentation retained and were on
antibiotic suppression, and 17 (25%) had their instrumentation retained without any suppression. Those who had their
instrumentation removed had a later presentation of their infection averaging 85 days (range 6–280 days)
postoperatively. There was an earlier presentation for those who retained their implants, with suppression averaging
19 days (range 9–39) and no suppression averaging 29 days (range 6–90 days) post operatively (P , .001).
Conclusions: None of the patients with retained instrumentation without suppression had recurrence of
infections after long-term follow-up. Lifelong antibiotic suppression may not be required with SSI that present early
after early aggressive debridement. Patients with infections detected later are difficult to treat without removal of their
original instrumentation.
Clinical Relevance: This study presents the outcomes of surgical and antibiotic factors in patients with infected
spinal instrumentation.
Complications
Keywords: surgical site infection, spinal instrumentation, antibiotic suppression

INTRODUCTION
Infections of surgical wounds remain one of the
most common adverse events in hospitalized patients in the 21st century, only behind adverse drug
reactions.1 Surgical site infections (SSI) alone cost
the US healthcare system $10 billion annually2 with
over 300% increases in cost per patient compared to
those without SSI.3,4 Costs stem not only from
repeat surgical procedures, increased hospital stays,
and poor patient outcomes but also from the cost of
long-term antibiotics and the side effects from these
medications.3
SSI after spine surgery is particularly challenging,
leading to devastating complications and worse

outcomes in patients.3,5,6 The incidence of SSI after
spine procedures range from 2.9% to 15%.3,7,8 This
number is higher if only instrumented surgeries are
considered. The majority of the evidence on
infection surrounding implants comes from arthroplasty literature;9–13 however, the principles remain
applicable. The major surgical decision in periprosthetic joint infections relies on the timing of
infection: if presenting acutely, then the implants
may be debrided and retained. However, a delayed
presentation warrants a staged removal of the
implants, as the bacteria have transitioned from
their planktonic state to a bioﬁlm, preventing
debridement from completely eradicating the infection.10
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However, SSI with instrumentation presents a
unique problem to the spine surgeon.14–18 A staged
removal of implants is often not possible, as the
stability of the spine must be maintained with
instrumentation until fusion.17 Even once fusion is
achieved, there is evidence demonstrating worsening
of deformity after the removal of instrumentation.15
Thus, the treatment options are limited to removing
the instrumentation after fusion, reinstrumenting
the spine, or retaining the instrumentation with
antibiotic suppression. There is no published
algorithm or consensus statement in spine literature
that dictates the surgical decision making for
infected spinal instrumentation.
The optimal antibiotic regimen for patients who
are retaining their spinal instrumentation despite
SSI is not well understood and is often left to
infectious disease (ID) consultants to determine.
Recommendations from ID consultants at our
institution often consist of a course of long-term
IV antibiotics followed by lifelong oral suppression.
The basis for this regimen comes from the idea that
the implants are seeded and will continue to be a
source of infection for the duration they are left in.
However, the decision of the duration of IV
antibiotics and subsequent oral antibiotics is not
one to take lightly and without input from the
surgeon. Often, the surgeon is the one who has the
closest follow-up with the patient and also witnesses
the side effects from these nonbenign medications.
Although there are studies examining the treatments
for spinal implant infections,19–24 the literature does
not answer whether lifelong antibiotics are necessary for retained spinal instrumentation after SSI.
This study aims to retrospectively analyze the
perioperative course and antibiotic regimen of
patients who suffered an SSI after spinal instrumentation. This preliminary data shed light on
whether lifelong antibiotics are necessary for suppression after infection of an instrumented spine. It
also aims to present trends in this retrospective
analysis of these infections that may aid in
developing a future algorithm of when to remove,
exchange, or retain infected spinal instrumentation.

2013 were retrospectively analyzed. Inclusion criteria included adult patients over the age of 18 with
spine instrumentation who suffered an SSI requiring
surgical irrigation and debridement. An SSI was
deﬁned as a revision spine surgery for SSI with
culture positive drainage or tissue samples.
The patients were grouped into four cohorts
based on their clinical intervention: removal of
instrumentation, reinstrumentation, retention of
instrumentation with continued antibiotic suppression, and retention of instrumentation with no
antibiotic suppression. The surgical decision making
was based purely on the surgeon’s preference, with
no particular algorithmic approach, as there is none
deﬁned in the literature. Some guiding principles
included the index revision performed on patients
with wound ﬁndings consistent with underlying
infection. The decision to retain or remove instrumentation was based largely on the severity of the
infection at initial debridement, the response to the
prior surgical debridement, and the probability of
the stability of the spine at the time of debridement.
The response to the prior surgical debridement was
deﬁned both by the superﬁcial appearance of the
wound after the most recent surgery and by the
trend in inﬂammatory markers. Being off of
antibiotic suppression was deﬁned as not being on
any antibiotic therapy at the time of the most recent
surgical follow-up. Follow-up times were deﬁned as
the time between the day of surgery and the most
recent follow-up date.
Four different domains were compared between
the four cohorts: patient characteristics, infection
characteristics, debridement characteristics, and
antibiosis characteristics. Univariate analysis was
conducted between the four cohorts to determine
which variables were different.

STATISTICAL METHODS
Descriptive statistics were performed on the data.
An analysis of variance F test was used to test
continuous variables for signiﬁcance. The Fisher
exact test was used to test discrete variables. A P
value of .05 was considered statistically signiﬁcant.

MATERIALS AND METHODS
An institutional review board for this retrospective analysis was obtained (University of California,
San Francisco, Institutional Review Board 1516807). Consecutive adult patients with SSI after
spine surgery at a single institution from 2007 to

RESULTS
Of the 67 patients with SSI after spine surgery
and instrumentation, 19 (28%) had their instrumentation removed, 6 (9%) were reinstrumented, 25
(37%) had their instrumentation retained and were
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Table 1. Patient characteristics.

Hardware
Removed
Total no. of patients
Average age: n (SD)
Female gender: n (%)
ASA score: n (%)
1
2
3
Mean length of follow-up
in days: n (SD)

2
60.9 (10.4%)
12 (63.2%)
1
13
5
1155.7

(5.3%)
(68.4%)
(26.3%)
(767.5)

Reinstrumented
6
64.2 (19.6%)
3 (50%)
0
3
3
1358.5

(0%)
(50%)
(50%)
(767.6)

Hardware Retained
with Suppression
25
61.9 (14.1%)
16 (64%)
1
13
11
791.2

(4%)
(52%)
(44%)
(712.7)

Hardware Retained
without Suppression
17
61.8 (14.4%)
13 (76.5%)
0
7
10
1555.4

(0%)
(41.2%)
(58.8%)
(938)

P Value

Test

.969
.668
.5

ANOVA F test
Fisher exact
Fisher exact

.026

ANOVA F test

Abbreviations: ANOVA, analysis of variance; ASA, American Society of Anesthesiologists.

on antibiotic suppression, and 17 (25%) had their
instrumentation retained without any suppression.
Those without antibiotic suppression have the
longest follow-up, averaging approximately 4 years
off of antibiotics (range 293–2823 days) with no
need for further intervention, compared with other
cohorts.
All patients who had their instrumentation
removed or exchanged remained on antibiotics until
that surgery except for 1 patient who was off of
antibiotics for 1 year but had a recurrence of
drainage requiring implant removal. Patients with
their instrumentation removed had their instrumentation implanted for an average of 503 days (range
26–2303 days). Patients who were reinstrumented
had their original instrumentation implanted for 343
days (range 21–686 days).
The patients without suppression discontinued
their antibiotics because they were either prescribed
short antibiotic courses, had gastrointestinal side
effects, or were advised to do so by the infectious
disease consultant. Fourteen of the 67 patients had
documented side effects to antibiotic therapy: 11
complained of gastrointestinal side effects, 1 of
dizziness, and 2 of rash.
Three of the 6 patients who were reinstrumented
remain on oral antibiotic suppression. Three of the 6
are no longer on suppression antibiotics and have
an average of more than 5 years of follow-up off of
antibiotics (range 1364–2659 days) with no need for
further intervention.
Patient characteristics (Table 1), including age,
gender, and American Society of Anesthesiologists
score, did not vary signiﬁcantly between the three
groups. Figure 1 is a graphical representation of the
clinical outcomes versus the number of instrumented levels.
Those who had their instrumentation removed or
were reinstrumented had a later presentation of
their infection, with removal averaging 85 days

(range 6–280 days) and reinstrumentation averaging
123 days (range 4–323 days) postoperatively. There
was an earlier presentation for those who retained
their implants, with suppression averaging 19 days
(range 9–39) and no suppression averaging 29 days
(range 6–90 days) postoperatively. The number of
polymicrobial infections between the cohorts trended toward signiﬁcance (P ¼ .077), with those with
instrumentation removed or reinstrumentation having over twice as many patients with polymicrobial
infections than the cohorts with their instrumentation retained (Table 2).
Patients with retained instrumentation without
suppression had a single debridement, and there was
a signiﬁcantly greater number of debridements in
those with instrumentation removed and exchanged
(Table 3). The probability of retaining instrumentation dropped from 63% after the ﬁrst debridement
to 26% after the second and 17% after the third,
and no patients were able to retain instrumentation
if they had 4 or more debridements (Figure 2). No
signiﬁcant differences emerged when examining
intraoperative interventions (Table 3).

Figure 1. Graphical representation of the clinical intervention relative to the
number of instrumented levels.
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Infection characteristics.

Abbreviation: ANOVA, analysis of variance.

Average days until first
debridement: n (SD)
Infection appearance at first
debridement: n (%)
Benign
Grossly purulent
Hematoma
Murky
Polymicrobial infections (%)
Gram-negative infections (%)
Most common microbe (n)
Second most common microbe (n)
List of all microbes

Table 2.

123.3 (147.2)

2 (33.3%)
3 (50%)
1 (16.7%)
0 (0%)
3 (50%)
3 (50%)
Staph epidermidis (3)
Staph aureus (2)
Staph epidermidis
Staph aureus
Klebsiella pneumoniae
Morganella
Pseudomonas aeruginosa
Enterococcus faecalis
Propionibacterium acnes
Escherichia coli

1 (5.3%)
10 (52.6%)
5 (26.3%)
3 (15.8%)
10 (52.6%)
7 (36.8%)
Staph epidermidis (9)
Staph aureus (6)
Staph epidermidis
Staph aureus
Propionibacterium acnes
Acinetobacter iwoffii
Coryneobacterium
Enterococcus faecalis
Enterobacter cloacae
Proteus mirabilis
Enterococcus faecium
Escherichia coli
Streptococcus anginosus

Reinstrumented

72.3 (85.5)

Hardware Removed

0 (0%)
10 (40%)
8 (32%)
7 (28%)
6 (24%)
9 (36%)
Staph epidermidis (11)
Staph aureus (6)
Staph epidermidis
Staph aureus
Klebsiella oxytoca
Klebsiella pneumoniae
Pseudomonas aeruginosa
Propionibacterium acnes
Coryneobacterium
Citerobacter freundii
Enterococcus faecalis
Enterobacter cloacae
Enterococcus faecium
Escherichia coli
Citrobacter koserii

19.3 (7.8)

Hardware Retained
with Suppression

5 (29.4%)
7 (41.2%)
0 (0%)
5 (29.4%)
3 (17.6%)
8 (47%)
Staph aureus (5)
Staph epidermidis (3)
Staph aureus
Staph epidermidis
Klebsiella pneumoniae
Pseudomonas aeruginosa
Coryneobacterium
Proteus mirabilis
Citerobacter freundii
Enterococcus faecalis
Enterobacter cloacae
Enterococcus faecium
Escherichia coli

28.5 (21.1)

Hardware Retained
without Suppression

.077
.844

.013

,.001

P Value

Chi-square
Chi-square

Fisher exact

ANOVA F test

Test

Khanna et al.
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Table 3. Debridement characteristics.

Hardware
Removed
Average number of debridements: n (SD)
2.8 (1.4)
Debridement below fascia during first debridement: n (%) 18 (94.7%)
Debridement below fascia during any debridement: n (%) 19 (100%)
Use of bacitracin: n (%)
10 (62.5%)
Use of iodine: n (%)
3 (18.8%)
Use of Dakin’s solution: n (%)
10 (62.5%)
Use of antibiotic powder: n (%)
11 (68.8%)
Use of antibiotic beads: n (%)
2 (12.5%)

Hardware
Hardware
Retained
Retained with
without
Reinstrumented Suppression Suppression P Value
1.8
6
6
2
0
2
6
0

(0.8)
(100%)
(100%)
(33.3%)
(0%)
(33.3%)
(100%)
(0%)

1.4
25
25
8
2
9
17
3

(0.6)
(100%)
(100%)
(32%)
(8%)
(36%)
(68%)
(12%)

1
15
15
4
2
3
9
0

(0)
(88.2%)
(88.2%)
(23.5%)
(11.8%)
(17.6%)
(52.9%)
(0%)

,.001
.326
.166
.122
.633
.065
.234
.51

Test
ANOVA F test
Fisher exact
Fisher exact
Fisher exact
Fisher exact
Fisher exact
Fisher exact
Fisher exact

Abbreviation: ANOVA, analysis of variance.

Patients with retention of instrumentation without suppression took an average of 255 days of oral
antibiotics (range 7–689 days). Antibiotic regimens
are shown in Table 4.

DISCUSSION
These data aimed to analyze patients with SSI
following spinal instrumentation that were assigned
to 1 of 4 clinical interventions: implant removal,
reinstrumentation, instrument retention with antibiotic suppression, and instrument retention without antibiotic suppression. Patient, infection,
surgery, and antibiotic characteristics were obtained
to see the emergence of any associations to the ﬁnal
clinical outcome.
Our result demonstrated that none of the patients
with retained instrumentation without suppression
had recurrence of infections after long-term followup. There is obviously selection bias present in this
observation, as the patients taken off of antibiotics
were thought to be less likely to have a recurrence of
infection. However, it does offer evidence that, in
some cases, infected spinal instrumentation can be
retained without antibiotic suppression. Although it
is hard to deﬁnitely state in which cases this lack of
suppression is possible, in this series, patients with
SSI that present acutely were able to retain their
instrumentation after early aggressive debridement.
Those with later presentations of infection more

likely required removal or exchange of their spinal
instrumentation.
The earliest recommendation regarding the optimal antibiotic regimen to treat SSI after spinal
instrumentation came from Lonstein22 in 1989: 2
weeks of IV antibiotics followed by 3–6 months of
oral antibiotics. A more recent study by Kowalski et
al23 analyzed 30 early-onset and 51 late-onset spinal
implant infections, with the cutoff between early
and late being 30 days. They found that early-onset
infections could be treated with debridement,
antibiotics, and implant retention. Patients with
early infection and retained instrumentation took
more than 300 days of oral antibiotics. They
recommended an oral antibiotic suppression regimen of .6 months. A study by Glassman et al24
that included 19 patients with deep infections after
surgery for lumbar fusion made very different
recommendations. Seventeen of the 19 patients were
given a 6-week course of IV antibiotics, and 2 were
given a 2-week course of oral antibiotics, and all
infections resolved.
Patients in our study who retained implants but
were off of suppression had an average of 27 days of
IV antibiotics and 255 days of oral antibiotics.
Although it is unclear what the lower limit of this
suppression should be, Kowalski et al 23 did
demonstrate the recurrence of symptomatic infection in 5 out of 6 patients who were not given oral
suppression therapy for 6 months.

Table 4. Antibiosis characteristics.

Hardware
Removed
Average days of IV antibiotics: n (SD)
Average days of oral antibiotics: n (SD)
Use of rifampin: n (%)
Average days without antibiotics: n (SD)

70.4
283.8
6
694.5

(39.7)
(320.7)
(32%)
(982.2)

Reinstrumented
57.5
378.5
4
763

(24.6)
(282.2)
(67%)
(926.2)

Hardware Retained
with Suppression
36.8 (13.1)
737.8 (708.4)
16 (64%)

Hardware Retained
without Suppression
26.6
254.9
6
1211.1

(18.9)
(275.6)
(37.5%)
(844.5)

P Value

Test

,.001
.012
.303

ANOVA F test
ANOVA F test
ANOVA F test

Abbreviation: ANOVA, analysis of variance.
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Figure 2. Graphical representation of the probability of retaining
instrumentation with each successive surgical debridement.

The use of rifampin is often recommended by ID
consultants, as it is thought to have improved
efﬁcacy on adherent stationary phase bacteria in
bioﬁlms.25 In this study, however, the use of
rifampin did not signiﬁcantly impact whether
patients were able to retain their instrumentation.
This study also collected data on intraoperative
interventions during the surgical debridements to
allow for retention of instrumentation. Many of
these interventions have good evidence for preventing SSI when utilized during the index operation,
such as vancomycin powder26–28 and dilute betadine
irrigation.29,30 However, in our study, none of these
interventions were associated with the ﬁnal clinical
outcome.
The most obvious association between the
retention of implants that arises from our data is
that of the timing of the onset of infection. Onset
was deﬁned by the time from the index operation to
the time of the ﬁrst debridement. Similar to the
Kowalski et al23 study, infections that presented on
average less than 30 days after the index procedure
were more likely to be the cases that were treated
with retention of instrumentation. Interestingly,
these data matches those seen in the arthroplasty
literature, where implants with infection in the acute
4-week postoperative period can be retained after a
polyethylene liner exchange and thorough debridement.9,10
Another association was found between the
retention of implants and the presence of a
polymicrobial infection. The cohorts with instrumentation removed or exchanged trended toward a
higher rate of polymicrobial infections than those
with their instrumentation retained (P ¼ .077). This

echoes the data found in the total joint literature:
polymicrobial infections are associated with a lower
rate of clearing infection after a single-stage
debridement, two-stage instrumentation exchange,
and even resection arthroplasty.12,13
There is no strong evidence in the spine literature
deﬁning an algorithmic approach to retained
infected spinal instrumentation. A balance must be
achieved in maintaining stability of the spine and
eradicating the nidus of infection. We recognize that
these 2 factors may confound the aforementioned
ﬁndings and add signiﬁcant selection bias, as
instrumentation that was retained or removed may
be based less on the infection and more on the
stability of the spine.
However, there are preliminary conclusions that
can be drawn from these data. First, we believe that
lifelong antibiotic suppression may not be required
in all cases with infected retained spinal instrumentation. We do recommend a long course of oral
antibiotic suppression in such cases; however, the
duration is not clear. In this series, infected spinal
implants were retained with SSI that present
acutely, are not polymicrobial, and were treated
with early aggressive debridement. Patients with
polymicrobial infections that presented later were
more difﬁcult to treat without removal of their
original instrumentation.
This study has a number of strengths. Rigorous
data collection methodology ensured the accurate
collection of a large amount of data from patient
charts and notes from various specialties, ensuring
the capture of all relevant data. The sample size
studied is one of the largest samples of patients with
infected spine instrumentation and was collected
within the last 10 years, making the results relevant
to the contemporary practice of spine surgery. This
study also holds the longest length of follow-up for
such patients, with the follow-up of patients no
longer on antibiotics exceeding an average of 4
years. However, this is a retrospective review, an
inherent limitation. Further research is obviously
needed, perhaps in the form of a prospective study,
to further elucidate the length of antibiotic duration
necessary for treating infected spinal instrumentation. More important, further research is necessary
to establish clinical guidelines and algorithms for
surgically treating SSI with spinal instrumentation.
Our study demonstrated that none of the patients
with retained instrumentation without suppression
had recurrence of infections after long-term follow-
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up. Therefore, we believe that lifelong antibiotic
suppression may not be required for all retained
spinal instrumentation. In this series, patients with
SSI that present acutely after early aggressive
debridement were able to retain their instrumentation. Patients with infections detected later are
difﬁcult to treat without removal of their original
instrumentation. Although there is signiﬁcant selection bias in this retrospective study as well as the
confounding factor of spinal fusion and stability at
the time of surgery, this is an interesting trend that
should be further explored. Further research is
obviously needed to further elucidate the length of
antibiotic duration necessary for treating infected
spinal instrumentation and, more importantly, to
establish clinical guidelines and algorithms for
treating SSI with retained spinal instrumentation.
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