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Abstract: Postoperative spinal implant infection (PSII) is a commonly found and serious complication after

instrumented spinal surgery. Whereas early-onset PSII usually can be diagnosed by clinical symptoms, the

diagnosis of late-onset PSII can be often made only by examination of intraoperatively collected samples.

The treatment of PSII consists of surgical and antibiotic therapy schemes. In case of early PSII, the retention

of spinal implants is a feasible option, whereas late PSII is usually treated by one-staged exchange of the

spinal implants. Radical debridement of surrounding tissue should be performed in any case of PSII. The

antibiotic treatment depends on either the implants can be removed or need to be retained or exchanged,

respectively. If the causative pathogens are sensitive for biofilm-active antibiotic agents, the duration of

antibiotic treatment amounts to 12 weeks with retention of spinal implants. In case of problematic pathogens,

the application of antibiotics needs to be prolonged for an individual duration. Antibiotic treatment should

always be initiated with an intravenous application for at least 2 weeks.
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Introduction

Since the development of pedicle screw based internal
fixator (1), the number of spinal fusions has been increasing
over the past decades and is nowadays one of the most
applied procedures in surgery (2-4). The use of spinal
internal fixation devices like screws and rods enables
the treatment of a wide range of spinal diseases like
traumatic and pathological fractures, degenerative diseases
like osteochondrosis and spinal stenosis or deformities
like primary and secondary scoliosis or hyperkyphosis.
Unfortunately, the implantation of foreign devices into the
spine as well as in all parts of the body, is associated with
an increased risk of postoperative infections (5). Those
kinds of infections are called implant-associated infections
and belong to one of the most dangerous complication in
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orthopedic and traumatological surgery and are associated
with increased mortality, prolonged hospitalization and
enhanced costs for healthcare system (5,6). At the spine,
postoperative infections have been reported with an
incidence of up to 20% (7-12). In revision spine surgery it
has been shown that postoperative spinal implant infections
(PSIIs) occur in even up to 27% (13,14).

Classification and diagnosis of PSII

The classification of PSIIs is almost similar to the
classification of periprosthetic joint infections and divides
implant-associated infections according to time between
former surgery and appearance of symptoms or duration
of symptoms (acute or chronic) and the path of infection
(post interventional, haematogenous or per continuitatem).
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Table 1 Classification of postoperative spinal implant infections (source: PRO-IMPLANT Foundation, www.pro-implant-foundation.org)

Criteria Acute infection

Chronic infection

Pathogenesis
Postinterventional <6 weeks postinterventionally (early)

Haematogenous or per
continuitatem

<6 weeks symptom duration

Clinical presentation
acute neurological deficits

Typical pathogens
Gram-negative bacteria

Acute pain, fever, prolonged wound secretion (>7-10 days),

Highly virulent: Staphylococcus aureus, Streptococcus spp.,

>6 weeks postinterventionally (late)

>6 weeks symptom duration

Chronic pain, implant migration/loosening,
fistula, neurological deficits

Low virulent: coagulase negative
staphylococci, Cutibacterium acnes

The different categories of PSII typically differ in clinical
presentation and the causative pathogens. A summary of the
classification is shown in Table 1.

Acute or early-onset PSIIs with diagnosis within
6 weeks after the former surgery or onset of symptoms
<6 weeks ago are typically characterized by classical signs
of infections such as fever, wound healing disorders like
redness or prolonged wound drainage, acute pain, but also
acute neurological deficits (15-18). The diagnosis of acute
PSII is usually made by the clinical presentation and can be
supported by laboratory parameters (p.e. increased CRP or
leucocyte count). The causative microorganisms of acute
PSII can be detected by blood cultures (haematogenous),
peri-implant tissue samples or examination of removed
spinal implants. The most common microorganisms of acute
PSII are Staphylococcus aureus, followed by B-hemolytic
streptococci, gram-negative bacilli, and coagulase-negative
staphylococci (19,20). In some rare cases of early PSII, also
fungal pathogens can be found.

Chronic postoperative spinal infections occur >6 weeks
after the former surgery or the symptoms persist for
>6 weeks. The presentation of chronic PSII is characterized
by chronic pain and implant loosening as well as
neurological deficits. In comparison with acute PSII,
typical signs of infection such as fever, pus, redness or
acute exacerbated pain are regularly missing. Therefore,
the diagnosis of chronic PSII is frequently made after
the revision spine surgery by the microbiological and
histopathological examination of intraoperatively collected
peri-implant tissues or removed spinal implants. It has
been shown that positive cultures were found in up to
45% of previous expected aseptic revision spine surgeries,
even if not every positive culture is equal to the diagnosis
of a PSII (21). The diagnosis of PSII is complicated by
the fact that chronic PSII is commonly caused by low-
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virulent pathogens. Some of them are able to build a so-
called biofilm surrounding the spinal implant wherein the
microorganisms live with a reduced metabolism and are
protected against endogenous immune reactions. This
may lead to false-negative tissue cultures (22,23). Thus,
in the last years the sonication of removed implants has
been developed to the gold standard for the evidence
of microorganisms in periprosthetic and PSIIs, because
it shows an enhanced removal of the biofilm from the
implant and makes the microorganisms accessible for
microbiological incubation (13,14,24). Its sensitivity in
diagnosis of PSII has been reported with more than 90%
and consequently much higher than peri-implant tissue
cultures or histopathological examination. Commonly
found pathogens are coagulase-negative staphylococci
(especially S. epidermidis) and Cutibacterium acnes
(formerly Propionibacterium acnes) (13,14).

Especially in late-onset PSII caused by low-virulent
microorganisms, preoperative laboratory parameter
such as C-reactive protein are reported with a high rate
of misdiagnosing and insufficient specificity in case of a
PSII (25). Blood cultures may indicate haematogenous
infection and should be collected possible in case of
systemic infection signs such as fever, shivering, sepsis or
suspected or confirmed spondylodiscitis before initializing
an antimicrobial therapy. Preoperative performed imaging
(X-ray, CT scan) may show indirect signs of infection, for
example screw loosening or pseudarthrosis. MRI should be
performed if purulence or spondylodiscitis are suspected.

Treatment algorithm of PSII

The correct treatment of PSII is essential for an adequate
outcome of the patients, prevention of new infections
and long-term retention of the spinal implants, because it
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has been shown that PSII can lead to mechanic failure of
the implants like screw loosening or pseudarthrosis and
subsequently to new symptoms of the patients and in the
end the need of revision spine surgery (26,27). Positive
cultures have been found in up to 19% of presumed aseptic
pseudarthrosis after lumbar spinal fusion surgery (28). As
with the diagnosis of PSII, evidence-based guidelines for
the treatment of PSIIs are still not existing and clinical
data, especially prospective clinical studies are rare. The
treatment of PSII includes surgical and antibiotic strategies
with target of eradication or at least suppression of the
causative microorganisms.

Surgical treatment strategies for PSII

In the surgical treatment of PSII there are three established
options existing: removal of spinal implants, retention of
spinal implants with radical debridement and the exchange
of the spinal implants. The complete removal of spinal
implants in case of PSII is only feasible, if the implants can
be removed without the risk of a possible instability spine,
e.g., after instrumented spinal fusion in case of traumatic
spinal fractures with completely fused spinal segments.
After removal, a radical debridement of surrounding tissue
should be performed and an antibiotic treatment should be
initiated.

The retention of spinal implants in case of PSII is only
recommended in early-onset PSII (10). In revision spine
surgery with diagnosis of early-onset PSII, the spinal
implants should be proved for loosening and if needed
single screws should be exchanged. Otherwise, all implants
can be retained followed by a radical debridement of the
surrounding tissues. However, peri-implant tissue sample
should be collected before debridement for microbiological
examination for the evidence of causative pathogens and
subsequently a targeted antibiotic treatment.

The exchange of the spinal implants is usually done in
a single-staged procedure in case of early-onset PSII with
multiple loosening of the spinal implants or in case of late-
onset PSII without prospect of completely removal for a
longer time. After removal, peri-implant tissue cultures
should be collected and a radical debridement should be
performed. The removed spinal implant should be sent to
the sonication for identification of the causative pathogens.
After the procedure, first empiric and over time a targeted
antibiotic therapy should be initiated. A two-sided exchange
of spinal implants in case of PSII is only done in exceptional
cases, in which a complete immobilization of the involved
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segments is possible, e.g., in cervical spine, with an
intravenous antibiotic treatment between removal and
new implantation surgery. There’s only rare information
about the effectiveness of the used implant materials in
revision spine surgery. It’s reported that pure titanium
cages have lower rate of infection than stainless steel.
Polyetheretherketone (PEEK) shows a high propensity
for biofilm formation and consequently for infection.
Therefore, in revision spine surgery of late-onset PSII,
pure titanium cages could reduce the risk of a re-infection
compared to PEEK cages (10).

Antibiotic treatment strategies of PSII

The choice of the antibiotic agent(s) in best case should
cover all causative pathogens. Because in many cases
the exact microorganisms are still not known when the
antibiotic treatment is initiated, the antibiotic treatment
should begin with an empiric antibiotic regime, covering
all expected pathogens. For that, local pathogen spectra,
individual risk factors and clinical presentation (e.g., acute
or chronic) should bear in mind. Antibiotic treatment
always should be initiated after collecting microbiological
samples such as blood cultures, peri-implant tissue cultures
or removal of spinal implants, because microbiological
examination of these samples could be influenced by a
previous antibiotic treatment and subsequently their rate
of false-negative results could be increased (29). Antibiotic
therapy in case of PSII should start with an intravenous
application of the antibiotic agents for two weeks, because
of the higher bioavailability and a high rate of bacteremia
(19,30). Suggestions for empiric antibiotic treatment by the
PRO-IMPLANT Foundation are shown in Table 2.

As soon as the causative pathogens are identified by the
microbiological examinations, the antibiotic treatment
should be switched from empiric to a targeted antibiotic
therapy. The targeted treatment should also start with
intravenous application of the antibiotic agent(s) for at least
2 weeks. Following this, the treatment can be switched to
oral application for an individual duration depending on
causative pathogen and surgical treatment strategy.

In patients with late-onset PSII in which a removal
of the spinal implants is possible without causing an
instability of the spine, antibiotic treatment orientates to
the antibiotic treatment in case of regular spondylodiscitis.
Despite guidelines for this treatment also do not exist, in
clinical practice the antibiotic treatment is continued for
about 6 weeks. It has been reported that longer duration of
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Table 2 Empiric therapy (source: PRO-IMPLANT Foundation, www.pro-implant-foundation.org)

Clinical situation First choice

Alternative

First revision

Ampicillin/Sulbactam i.v. 3 x 3 g plus Vancomycini.v.2 x 1 g

Cefuroxim i.v. 3 x 1.5 g plus Vancomycin

iv.2x1g
Multiple previous surgeries  Piperacillin/Tazobactam i.v. 3 x 4.5 g plus Vancomycini.v. 2 x 1 g Fosfomycini.v. 3 x 5 g plus Vancomycin
iv.2x1g
Removal & spondylodiscitis 2 wk. 4wk Debridement
treatment .
; IV Antibiotics

) o 2 wk. 10 wk.
Retainment & eradication
Single- stage exchange & 2 wk. 10 wk.
eradication
2 wk. individual

Retainment & suppression

until removal

w_@

Oral antibiotics without
biofilm activity

Oral antibiotics with
biofilm activity

Change of the implant

Implant removal

==} ] |©

Figure 1 Surgical treatment schemes for postoperative spinal implant infections (source: PRO-IMPLANT Foundation, www.pro-implant-

foundation.org).

antibiotic treatment does not offer any benefits (30-32).

In patients in which a complete removal of the spinal
implants is not practicable because of the risk of an
instability of the spine and possible neurological deficits, the
antibiotic treatment is more challenging (33,34). Published
data regarding the optimized treatment duration in case of
PSII are rare und current references are based on studies
and experiences in periprosthetic joint infections. After
the duration of antibiotic treatment in those cases were
between 6 months and 2 years over a long period founded
on observational studies, recent studies show good results
with an antibiotic treatment for 12 weeks (19,20,33,35). In
case of problematic microorganisms an individual long-term
suppression is still recommended until removal of spinal
implants is possible. Suggestions for targeted antibiotic
therapy by the PRO-IMPLANT Foundation can be found
in the article “Antibiotic treatment of postoperative spinal
implant infections” of this focused issue.

In summary, the treatment of PSII always requires a
combination of surgical and antibiotic therapy. In case
of stability without further internal fixation, removal and
antibiotic therapy similar to the therapy of spondylodiscitis
is the treatment of choice. In early-onset PSII, retention of
the spinal implants with radical debridement and antibiotic
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eradication of causative microorganism for 12 weeks in
case of unproblematic pathogens is a feasible option of
treatment, if the implants are not loosed. Late-onset or
chronic PSII requires one-staged exchange of the implants,
radical surgical debridement and antibiotic treatment
for 12 weeks for unproblematic pathogens. In case of
problematic pathogens causing a PSII, duration of the
antibiotic treatment is individually and should be initiated
after consultation with an infectiologist. A compendious
treatment algorithm of PSII is shown in Figures I and 2.

By extension, prophylaxis is an effective tool for
therapy of PSIL. The North American Spine Sociery (NASS)
recommend preoperative antibiotic prophylaxis using a
broad-spectrum antibiotic agent for instrumented spinal
surgeries (36). While in uncomplicated simple spine surgery
a single-dose antibiotic prophylaxis is recommended, a
prolonged postoperative antibiotic treatment in case of
complex multi-level spine surgery, e.g., in spinal deformity,
is discussable and may reduce the risk of a PSII considering
possible negative side effects (37). Furthermore, the local
wound application of vancomycin powder is reported with a
significant reduced risk for PSII (38,39).

It has been shown that minimally invasive spine surgery
(MISS) reduces the risk of surgical site infections (SSIs)
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Early-onset PSII

\ 4

Implant stable?

yes no

4

Debridement &
Retention’

12 weeks antibiotic treatment
(biofilm-active)

797

Late-onset PSII

\ 4

OR
suppression until implant
removal

Problematic pathogen*?
no yes
Y Y
Eradication Suppression
\ 4 \ 4
One-staged Debridement/
exchange one-staged
exchange
12 weeks antibiotic
= treatment Suppression until implant
(biofilm active) removal

- Rifampicin
- Ciprofloxacin-resistant gram-negative bacteria
- Candida

*pathogens, showing resistance against biofilm-active antibiotic agents: .

" Exchange of loosed implants (screws), if
possible

Figure 2 Treatment algorithm for postoperative spinal implant infections (source: PRO-IMPLANT Foundation, www.pro-implant-

foundation.org).

in spinal surgery (40,41). Even if this is not investigated
especially for low-grade infections without clinical
presentation yet, this kind of PSII may be reduced by
performing MISS, too.

Conclusions

PSIIs are commonly found after instrumented spinal fusion.
Its treatment is challenging the physicians and for optimized
results surgical intervention followed by an antibiotic
treatment for at least 12 weeks in cases of retained spinal
implants is required. In early-onset PSII retention of spinal
implants is a feasible option whereas late-onset or chronic
PSII requires exchange of the implants. Problematic
pathogens with resistance against biofilm-active antibiotic
agents can necessitate application of antibiotic agents for
months or years with their associated complications. Long-
term experiences and data with current treatment concepts
are still rare and it needs further investigations to prove
their efficiency.
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