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Abstract
Purpose Post-operative surgical site infection (SSI) is one of
the most significant complications after instrumented spinal
surgery. However, implant retention feasibility for early-onset
multidrug-resistant SSI is still controversial. We aimed to ver-
ify our therapeutic strategy, surgical debridement with implant
retention and long-term antimicrobial therapy for post-
operative early-onset multidrug-resistant SSI.
Methods We retrospectively analyzed the clinical course of 11
cases [eight men and three women, with a mean age of 70.4
(54–82) years] with early-onset multidrug-resistant SSI out of
409 consecutive cases of spinal instrumentation surgery per-
formed between 2007 and 2013 at our institution.
Results The median duration of follow-up was 868 (178–1,
922) days. All SSIs were controlled, without recurrence dur-
ing follow-up. The microbial pathogens were methicillin-

resistant Staphylococcus aureus (seven cases), multidrug-
resistant Corynebacterium (two cases), methicillin-resistant
Staphylococcus epidermidis (one case), and methicillin-
resistant coagulase-negative Staphylococcus aureus (one case).
The mean duration from SSI diagnosis to surgery was 2.9 (1–6)
days. Ten patients underwent surgical debridement with im-
plant retention. No patients required multiple operations. All
patients were given antimicrobial treatments. Mean duration
of intravenous antimicrobials (vancomycin, vancomycin+ pi-
peracillin/tazobactam, or gentamicin) was 66.5 (12–352) days
and 336 (89–1,673) days for oral antimicrobials (rifampicin +
sulfamethoxazole/trimethoprim, sulfamethoxazole/trimetho-
prim, or minomycin). The mean duration of clinical signs and
symptom recovery was 31.0 (7–73) days, and themean time for
normalization of C-reactive protein was 54.5 (7–105) days.
Conclusions Early-onset multidrug-resistant SSI was success-
fully treated by surgical debridement with implant retention
and long-term antimicrobial therapy.

Keywords Surgical site infection .Multidrug resistance .

Surgical debridement . Implant retention . Antimicrobial
therapy

Introduction

Post-operative surgical site infection (SSI) is one of the most
significant complications after spinal instrumentation surgery,
and it is closely related with morbidity and mortality. The
incidence of SSI after spinal implant surgery reported in the
literature varies from 0.7 to 4.2 % [1–5]. According to several
recent studies, most patients that develop SSI require an in-
tensive debridement treatment and antibiotic therapy for SSI
eradication [1–4, 6–13]. In many cases, implant removal is

* Kenichiro Kakutani
kakutani@med.kobe-u.ac.jp

Shingo Miyazaki
mghff229@yahoo.co.jp

Koichiro Maeno
kmaeno@med.kobe-u.ac.jp

Toru Takada
takada-t@hokuto-hp.or.jp

Takashi Yurube
takayuru-0215@umin.ac.jp

Masahiro Kurosaka
kurosaka@med.kobe-u.ac.jp

Kotaro Nishida
kotaro@med.kobe-u.ac.jp

1 Department of Orthopaedic Surgery, Kobe University Graduate
School of Medicine, 7-5-1 Kusunoki-cho, Chuo-ku, Kobe 650-0017,
Japan

International Orthopaedics (SICOT) (2016) 40:1171–1177
DOI 10.1007/s00264-015-3073-3

http://crossmark.crossref.org/dialog/?doi=10.1007/s00264-015-3073-3&domain=pdf


particularly important for the management of SSIs in patients
who undergo spinal instrumentation surgery.

The treatment strategy depends largely on the timing of
SSI, which is classified as either early or late onset. Many
previous studies reported that an intensive debridement and
implant removal were essential for the management of late-
onset SSI because the biofilm on the surface of implants re-
sists antimicrobial therapy and the host’s immune defense
mechanisms, such as antibodies and phagocytes [1–3, 6, 7].
In such cases, the implant removal did not lead to post-
operative malalignment because the bone union was almost
complete. In contrast, patients with early-onset SSI do not
generally obtain bone union; therefore, removal of the spinal
implant may lead to post-operative malalignment and
pseudarthrosis. Consequently, revision surgeries to insert
new instrumentation or prolonged immobility to achieve the
solid fusion without implant are required after the improve-
ment of SSI [1, 9–11, 13].

To address these issues, we have treated SSI patients with
surgical debridement and irrigation with retention of the spinal
implant and long-term antimicrobial therapy since 2007.
Recently, several authors have reported high success rates of
debridement, implant retention, and systematic antimicrobial
therapy for patients with early SSI. Nowadays, multidrug-
resistant bacteria are more frequently identified as the patho-
genic bacteria in SSIs. Furthermore, an intensive debridement,
along with implant removal, is conventionally required in such
cases [2–4, 6, 7, 10, 14]. However, there have been few reports
focusing on multidrug-resistant SSI. Therefore, there is no con-
sensus on preferred surgical andmedical treatment strategies, in
particular, on surgical procedures. Thus, whether retention or
removal of spinal implants is the best-suited strategy is still
controversial. In the current study, we aimed to verify our ther-
apeutic strategy for SSI. In addition, to our knowledge, this is
the first study to focus on multidrug-resistant SSI.

Materials and methods

Patient population

A total of 409 consecutive patients, who underwent spinal
instrumentation surgery between 2007 and 2013 were retro-
spectively analyzed. Eighteen patients (4.4 %) presented SSI.
Of those, we enrolled 11 patients with SSI caused by
multidrug-resistant bacteria within 90 days after the index
surgery. There were eight men and three women, and their
mean ± standard deviation (SD) age at the time of surgery
was 70.4±8.7 (range, 54–82) years.

All index surgeries were performed by three senior ortho-
pedic spine surgeons; all surgical procedures were performed
in the same block of operating rooms. Standard preparation of
the surgical site was performed using povidone iodine. The

surgical site was surrounded by sterile surgical drapes.
Cefazolin was used for antibiotic prophylaxis. Prophylaxis
began at least 30 minutes before skin incision, and it was re-
administered every six hours or 1,500 ml of blood loss during
the procedure. Additionally, cefazolin was administered every
eight hours up to 48 hours post-operatively.

SSI

The diagnosis of SSI was based on clinical symptoms (temper-
ature elevation, back pain, and wound dehiscence associated
with drainage of purulent fluid), findings on diagnostic imaging
studies (radiographs and magnetic resonance imaging [MRI]),
laboratory examinations (mean white blood cell [WBC] count,
C-reactive protein [CRP] levels and erythrocyte sedimentation
rate [ESR]), and positive cultures (obtained from blood, wound
discharge or intra-operative tissue specimens).

Surgery and antimicrobial therapy

Debridement surgery was recommended for all suspected
cases of SSI. During surgery, the spinal implant and the inter-
vertebral disc cage used for interbody fusion were routinely
retained, and any necrotic tissue and all grafting bone in the
facet joint were removed. The wound was cleaned by a lavage
with at least 6 l of normal saline solution without antimicro-
bials. Then, the wound was primarily closed over suction
drains, which were removed when the drainage decreased to
less than 30 ml/day.

Antimicrobials were not administered until after blood,
wound discharge or intra-operative cultures were obtained.
Based on microbial identification and determination of sensi-
tivity, intravenous antimicrobials, consisting of broad-
spectrum coverage in combination with or without oral anti-
microbials were administered until the CRP level decreased to
1.0 mg/dl or less. Then, patients only received oral antimicro-
bials for a period of three months or more.

Clinical and radiological evaluation

The resolution of the SSI was established by improvement of
clinical signs and symptoms such as pain relief, wound
healing, and decline of fever, in addition to normalization of
laboratory parameters such as WBC, CRP and ESR lasting
more than two weeks. The timing of debridement surgery,
the individual durations of intravenous and oral antimicrobial
treatments, as well as the duration of the entire treatment were
analyzed. The content of antimicrobial treatment, and SSI re-
currence were evaluated. MRI was also used to evaluate the
presence of abscess in the iliopsoas or the intervertebral region
proximal to the surgical site, as required.

Radiological evaluation, including evidence of
pseudarthrosis, loss of primary fixation, and implant failure,

1172 International Orthopaedics (SICOT) (2016) 40:1171–1177



was performed by the anteroposterior and lateral radiographs at
final follow-up. Radiographic fusion was defined as the
observation of continuous bridging bone on computed
tomography (CT), and lack of instability on dynamic
lateral radiographs.

Results

Patient comorbidities were as follows: diabetes mellitus (three
cases), hypertension (three cases), rheumatoid arthritis (two
cases), alcohol-related liver disease (two cases), and obesity
(one case). Additionally, three patients (27 %) had undergone
at least one previous surgery at the same spinal level. The
preoperative diagnoses of patients who subsequently devel-
oped infections consisted of eight patients with lumbar spinal
stenosis, two with thoracolumbar or lumbar burst fracture, and
one with vertical and atlanto-axial subluxation. All cases of
infections associated with spinal instrumentation involved a
posterior approach to the spine, whereas no cases of infection
resulted from anterior approach. All patients underwent pos-
terior instrumented fusion using the pedicle screw and rod
system. Furthermore, 10 of 11 patients (91 %) underwent
transforaminal lumbar interbody fusion. The mean number
of fused segments was 2.8 ± 2.1 (range, 1–8) segments
(Table 1).

The most common microbial pathogens were methicillin-
resistant Staphylococcus aureus (MRSA) (seven cases
[64 %]), multidrug-resistant Corynebacterium (two cases
[18 %]), methicillin-resistant Staphylococcus epidermidis
(one case [9 %]) and methicillin-resistant coagulase-neg-
ative Staphylococcus aureus (one case [9 %]). Infection
was monomicrobial in ten patients and polymicrobial in
one patient. The mean duration from index surgery to
the day of SSI diagnosis was 21.0 ± 7.2 (range, 11–37)
days.

Ten patients (91 %) underwent surgical debridement with
implant retention, and the mean duration from the day of SSI
diagnosis to surgery was 2.9 ± 1.5 (range, 1–6) days.
Furthermore, none of the patients required multiple surgery.
In one case, surgical debridement was not performed because
of dramatic improvement of clinical signs and symptoms and
normalization of CRP levels in response to antimicrobial
therapy.

All patients were given intravenous antimicrobials.
Furthermore, all but one patient, who was diagnosed with
superficial SSI based on intra-operative findings, were also
given oral antimicrobials. Intravenous antimicrobial therapy
with vancomycin (five cases), vancomycin + piperacillin/
tazobactam (four cases), or gentamicin (two cases) had a mean
duration of 66.5±98.2 (range, 12–352) days (Fig. 1). In two
of nine cases, vancomycin was substituted by linezolid (Case

Table 1 Patient characteristics

Case Gender Age Pre-operative
diagnosis

Underlying diseases
and risk factors

Surgery Number of
fixed
segment

WBC
(cells/ml)

CRP
(mg/dl)

ESR
(mm/h)

1 M 82 Lumbar spinal stenosis Hypertension L5/S TLIF 1 20,400 5.26 52

2 F 72 Vertical and atlanto-axial
subluxation

Rheumatoid arthritis
(immunosuppressive
medication use)

O-C3 PF 3 17,800 18.26 100

3 M 62 Lumbar spinal stenosis L5/S TLIF, L3/4
fenestration

2 11,100 1.14 58

4 M 66 Lumbar spinal stenosis Hypertension L4/5 TLIF 1 11,900 12.34 92

5 F 71 Lumbar spinal stenosis Diabetes mellitus
, hypertension, hyperlipidemia

L3/4 PLF, L4/5 TLIF 2 12,700 18.72 88

6 M 54 Lumbar spinal stenosis Alcohol-related liver disease L4/5, L5/S TLIF 2 10,800 14.51

7 F 79 L1, L5 burst fracture Diabetes mellitus,
previous spine surgery

Th5-S2 PLF, L4/5,
L5/S TLIF

8 16,900 22.16

8 M 78 Lumbar spinal stenosis Obesity,
previous spine surgery

L2/3 PLF, L3/4TLIF 2 11,400 18.67

9 M 77 L3 burst fracture Alcohol-related liver disease,
previous spine surgery

Th10-L5 PLF,
Th10/11 TLIF

6 11,100 14.52

10 M 73 Lumbar spinal stenosis Rheumatoid arthritis
(immunosuppressive
medication use)

L5/S PLF, L4/5 TLIF 2 8,400 11.30 100

11 M 61 Lumbar spinal stenosis Diabetes mellitus L3/4, L4/5 TLIF 2 9,900 11.88

Average 70.4 2.8 12,945 13.52 81.67

PLF postero-lateral fusion, TLIF trans-foraminal interbody fusion, PF posterior fusion,WBCwhite blood cell, CRP C-reactive protein, ESR erythrocyte
sedimentation rate
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1) or teicoplanin (Case 6) because treatment with vancomycin
was affecting the renal function in these two cases. Oral anti-
microbial therapy with rifampicin + sulfamethoxazole/
trimethoprim (six cases), minomycin (three cases), or
sulfamethoxazole/trimethoprim (one case) had a mean dura-
tion of 336±477 (range, 89–1,673) days.

The mean duration of recovery of clinical symptoms and
signs from SSI diagnosis was 31.0±23.3 (range, 7–73) days.
Furthermore, CRP levels of ten patients normalized, except
for one patient, who had rheumatoid arthritis. The mean du-
ration for CRP normalization was 54.5±29.8 (range, 7–105)
days. Themean hospital stay from the time of SSI diagnosis to
hospital discharge was 100.3±79.1 (range, 15–212) days. Of
11 patients that presented SSI, nine patients (82 %) were
discharged from the hospital to their homes and usual activi-
ties. However, two patients could not be discharged to their
homes because of disuse syndrome and were transferred to
another hospital. Subsequently, these two patients were able
to return to their homes. The median duration of follow-up in
this study was 868±686 (range, 178–1,922) days. All cases of
SSI were resolved and none of the patients presented recur-
rence during the follow-up period.

Pseudarthrosis was documented in one patient (9 %) who
presented a radiolucent area around the distal pedicle screws

and the intervertebral cage in both radiograph and CT at final
follow-up; however, there were no clinical symptoms or signs
suggesting the need for additional treatment (Table 2).

Discussion

The results of the present case series indicate that 11 consec-
utive patients with multidrug-resistant SSI were successfully
treated with surgical debridement and antimicrobial therapy.
Further, there were no recurrences of SSI during the follow-up
period. Consequently, all patients experienced improvements
of their primary complaint; low back pain and leg pain were
the main surgical indications.

Eradication of late-onset SSI when implants are retained is
fraught with potential difficulties because implants can be
colonized by bacteria-harboring biofilms, which provide rela-
tive immunity against the host’s defense mechanisms and an-
timicrobial pharmacotherapy [2, 3, 6, 7]. Therefore, surgical
debridement and implant removal have been considered as the
Bgold standard^ treatment for SSIs [1, 6–11, 13]. In contrast,
regarding early-onset SSI, general consensus has not been
achieved and a treatment gold standard has yet to be
established. Implant removal was considered the best option

a b c e f

g

h i j k l

Pre OP Post OP

Final follow-up

d

Fig. 1 An illustrative case report: Case 5. A 71-year-old woman who
presented with intermittent claudication. a–c Pre-operative radiographs
and magnetic resonance imaging (MRI) show L4 spondylolisthesis and
L3/4, L4/5 lumbar spinal stenosis (LSS). d She underwent L3/4 postero-
lateral fusion and L4/5 transforaminal lumbar interbody fusion (TLIF). e–
g Thirty-seven days after surgery, she presented fever and increased back
pain. On MRI, abscess formation was evidenced in the epidural space.
Three days after the diagnosis, surgical debridement and irrigation with
implant retention were performed. The bacterial pathogen isolated from
the intra-operative culture was methicillin-resistant Staphylococcus

aureus. Vancomycin was administered for 37 days until the C-reactive
protein (CRP) level decreased to 1.0 mg/dl or less. Then, the patient
began oral antimicrobial therapy with minomycin only. The treatment
was continued for 374 days. As a result, the fever and back pain
resolved 13 days after the debridement surgery. Furthermore, CRP
levels returned to normal 35 days after surgery. h–j One year after
surgery, she presented L2/3 lumbar disc herniation at the adjacent
segment and required additional fusion surgery (L2/3 TLIF). k, l At the
final follow-up, solid fusion was obtained

1174 International Orthopaedics (SICOT) (2016) 40:1171–1177



T
ab

le
2

Pa
tie
nt

pr
es
en
ta
tio

ns
an
d
su
rg
ic
al
si
te
in
fe
ct
io
n
th
er
ap
y
us
ed

C
as
e

M
ic
ro
bi
al

pa
th
og
en

T
im

e
fr
om

su
rg
er
y

to
S
S
I

di
ag
no
si
s

(d
ay
s)

T
im

e
fr
om

S
S
I

di
ag
no
se
d
to

de
br
id
em

en
t

su
rg
er
y
(d
ay
s)

In
tr
av
en
ou
s

an
tim

ic
ro
bi
al
s

D
ur
at
io
n

(d
ay
s)

O
ra
l

an
tim

ic
ro
bi
al
s

D
ur
at
io
n

(d
ay
s)

R
ec
ov
er
y
of

cl
in
ic
al

pr
es
en
ta
tio

n
(d
ay
s)

N
or
m
al
iz
at
io
n

of
C
R
P
(d
ay
s)

C
om

pl
ic
at
io
ns

Fo
llo

w
-

up
(d
ay
s)

1
M
R
S
A

18
2

V
C
M

(L
Z
D
)

24
R
E
F
+
S
M
X
/

T
M
P

16
73

23
65

1,
69
4

2
M
R
S
A

30
1

V
C
M

35
2

R
E
F
+
S
M
X
/

T
M
P

22
2

55
40
7
(p
re
op
er
at
iv
e

le
ve
l)

1,
24
5

3
M
R
S
A

16
3

G
M

14
R
E
F
+
S
M
X
/

T
M
P

12
9

10
47

1,
64
4

4
M
R
S
A

21
6

G
M

12
10

7
1,
92
2

5
M
R
S
A

37
3

V
C
M

37
M
IN

O
37
4

13
35

A
dj
ac
en
ts
eg
m
en
ta
l

di
se
as
e

1,
19
4

6
M
R
S
A

21
1

V
C
M

+
PI
PC

/
TA

Z
(T
E
IC
)

23
M
IN

O
14
3

45
35

17
8

7
M
R
S
A

17
3

V
C
M

+
PI
PC

/T
A
Z

49
M
IN

O
16
3

35
91

B
ur
st
fr
ac
tu
re

at
ad
ja
ce
nt

ve
rt
eb
ra

22
9

8
M
ul
tid

ru
g-
re
si
st
an
t

C
or
yn
eb
ac
te
ri
um

11
5

V
C
M

+
P
IP
C
/T
A
Z

34
R
E
F
+
S
M
X
/

T
M
P

29
7

58
10
5

C
ut

ou
tt
he

pe
di
cl
e

sc
re
w

65
2

9
M
ul
tid

ru
g-
re
si
st
an
t

C
or
yn
eb
ac
te
ri
um

25
N
on
-s
ur
gi
ca
l

tr
ea
tm

en
t

V
C
M

10
9

R
E
F
+
S
M
X
/

T
M
P

89
7

77
43
3

10
M
R
SE

18
2

V
C
M

+
P
IP
C
/T
A
Z

35
R
E
F
+
S
M
X
/

T
M
P

13
5

13
34

17
9

11
M
R
C
N
S

17
3

V
C
M

43
S
M
X
/T
M
P

14
4

73
49

Ps
eu
da
rt
hr
os
is

18
3

A
ve
ra
ge

21
.0

2.
9

66
.5

33
6

31
.0

86
.5

86
8

M
R
SA

m
et
hi
ci
lli
n-
re
si
st
an
t
St
ap
hy
lo
co
cc
us

au
re
us
,M

R
SE

m
et
hi
ci
lli
n-
re
si
st
an
tS

ta
ph
yl
oc
oc
cu
s
ep
id
er
m
id
is
,M

R
C
N
S
m
et
hi
ci
lli
n-
re
si
st
an
t
co
ag
ul
as
e-
ne
ga
tiv

e
St
ap
hy
lo
co
cc
us

au
re
us
,V

C
M

va
nc
om

yc
in
,

G
M

ge
nt
am

yc
in
,P

IP
C
/T
A
Z
pi
pe
ra
ci
lli
n/
ta
zo
ba
ct
am

,L
Z
D
lin

ez
ol
id
,T

E
IC

te
ic
op
la
ni
n,
R
E
F
ri
fa
m
pi
ci
n,
SM

X
/T
M
P
su
lf
am

et
ho
xa
zo
le
/tr
im

et
ho
pr
im

,M
IN
O
m
in
om

yc
in

International Orthopaedics (SICOT) (2016) 40:1171–1177 1175



in terms of SSI control [1, 7]. However, in most of the cases
with early-onset SSI, solid fusion was not achieved yet.
Therefore, removal of implants increases the risk of fusion
failure, which could lead to revision surgery. From the multi-
variate analysis of a cohort of 81 patients with SSI after spinal
instrumentation surgery, Kowalski et al. [7] concluded that
oral antimicrobial suppression therapy and implant removal
were significant prognostic factors for early-onset and late-
onset SSI, respectively. In recent years, several reports detail-
ing the management of early-onset SSI have advocated surgi-
cal debridement with implant retention and systematic antimi-
crobial therapy [2–4, 6, 7, 10, 11, 13, 14]. Qualie [13] men-
tioned that the implant retention is essential to achieve the
satisfactory results of early-onset SSI treatment, the main
thrust is early diagnosis and treatment. Radial debridement is
especially required for deep infections because these penetrate
the deep fascia muscle layer and around spinal implants. Mok
et al. [2] reported a study of 16 patients with SSI after spinal
surgery that were treated by debridement and antimicrobial
therapy, which allowed implant preservation. Treatment in-
cluded six weeks of intravenous antimicrobials and long-
term oral antimicrobials. None of the patient with early-
onset SSI required implant removal, whereas all patients with
late SSI required implant removal. In their study, there were
six patients with multidrug-resistant SSI; however, there was
no specific reference to their outcome. Closed suction irriga-
tion system and vacuum-assisted wound closure are also ef-
fective for treating wound complications after spinal instru-
mented surgery and they are thought to contribute to implant
retention [11, 13].

To the best of our knowledge, no previous report has re-
ferred to the feasibility of implant retention in cases of early-
onset multidrug-resistant SSI after spinal instrumentation sur-
gery. In the present study, 11 consecutive patients with
multidrug-resistant SSI were treated by surgical debridement
with implant retention and antimicrobial therapy. None of the
patients presented recurrence, nor did they require revision
surgeries to achieve spinal fusion. Based on these findings,
the authors emphasize the feasibility of implant retention for
early-onset multidrug-resistant SSI after spinal instrumenta-
tion surgery. However, for successful SSI control, long-term
intensive antimicrobial therapy holds a key role in our treat-
ment protocol.

Reports in the literature regarding antimicrobial therapy for
SSI related to spinal surgery revealed a varying range of treat-
ments and recommendations; however, the standard treatment
strategy has not yet been established. Rihn et al. [9] recom-
mended a minimum six weeks of intravenous antimicrobials
followed by oral antimicrobials. In the report by Hong et al.
[15], although CRP levels did not return to normal limits after
four to six weeks of intravenous antimicrobials, levels did
decrease progressively and returned to normal after a mean anti-
microbial treatment duration of six weeks. Kowalski et al. [7]

advocated the administration of intravenous antimicrobials for
at least two weeks and the use of oral antimicrobials for at
least six months until spine fusion occurs in patients with
early SSI. In cases of multidrug-resistant SSI, Meredith et
al. [12] recommended that intravenous antimicrobial therapy
should be continued for eight weeks. In our study, intravenous
antimicrobials combined with or without oral antimicrobials
were administered until the CRP level decreased to less than
approximately 1.0 mg/dl. Then, patients were treated with oral
antimicrobials only for at least three months or more. All
cases of SSI that were managed by our protocol were con-
trolled and did not recur. Therefore, we suggest that oral
antimicrobials should be continued for at least three months
after CRP levels decrease to 1.0 mg/dl or less to prevent an
infection flare-up for as long as possible. This is particularly
relevant in cases of immunocompromised patients.

An issue for the treatment of MRSA strains is the relatively
limited options for oral antimicrobial therapy because many
strains are multidrug-resistant. When choosing oral antimicro-
bials for MRSA, the chosen drug should be bactericidal
against microorganisms that grow in matrix-enclosed biofilms
adherent to surface of implants, have good oral bioavailability,
and penetrate bone and joint tissues. Rifampicin, clindamycin,
sulfamethoxazole/trimethoprim, quinolones, fusidic acid and
linezolid are the only drugs that have excellent bioavailability
for MRSA when given orally to treat bone infections [16].
Among them, rifampicin plays an important role [17]. It has
all the qualities needed to treat biofilm organisms, is active
against MRSA, and has excellent bioavailability and tolerabil-
ity [16, 17]. However, since the single use of rifampicin causes
rapid development of resistance, it should be administered
with another anti-staphylococcal agent with similar pharma-
cokinetic properties [16–19].

Previously, several reports also referred to the effectiveness
of sulfamethoxazole/trimethoprim on SSI after orthopaedic
surgery [20, 21]. The combination of rifampicin and
sulfamethoxazole/trimethoprim blocks the folate biosynthetic
pathway, resulting in significantly improved therapeutic activ-
ity against MRSA in both in vivo and in vitro studies [22]. In a
case reported by Nemoto et al. [23], MRSA prosthetic arthritis
and osteomyelitis were successfully treated with a combina-
tion of vancomycin and rifampicin for 17 weeks, followed by
sulfamethoxazole/trimethoprim. Fujino et al. [24] also report-
ed a case withMRSA tricuspid valve infective endocarditis treat-
ed by combination therapy with vancomycin, rifampicin, and
sulfamethoxazole/trimethoprim. Based on the evidence de-
scribed above, rifampicin and sulfamethoxazole/trimethoprim
were included as the standard drugs in our protocol, in addition
to other oral antimicrobials.

The main limitations to this study are its retrospective de-
sign and small sample size. However, even for the patients
with multidrug-resistant SSI managed according to our proto-
col (surgical debridement with implant retention and long-
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term antimicrobial therapy), none presented recurrence of SSI
or needed multiple surgeries to control infection. Therefore,
we propose that our protocol can be beneficial for the treat-
ment of early-onset multidrug-resistant SSI after spinal instru-
mentation surgery.
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