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Abstract: Both, periprosthetic joint infection (PJI) and peri-spinal implant infection (PSII) are serious
complications occurring in arthroplasty and spine instrumentation with absolute numbers expected to rise
in the next years. The currently existing literature data describing the characteristics of PSII are limited
when compared to PJI studies. However, both PJI and PSII exhibit similarities concerning pathogenesis,
symptoms, diagnosis, treatment and prognosis. This literature review aims at comparing PJI and PSII and
to develop implications for diagnosis and treatment of PSII from existing studies about PJI. The review
was performed on the basis of a structured PubMed, Cochrane Library, and Medline analysis and existing
guidelines, with 99 references being included. The results indicate that specific terms like re-infection should
be defined in the context of PSII based on existing definitions of PJI, that in vitro biofilm studies and studies
analyzing different prosthesis surfaces in arthroplasty could be used for PSII, and that histopathology as an
additional standard tool in PSII diagnosis might be helpful. In addition, the development of a standardized
algorithm-based treatment system with antibiotic protocols, including long term suppression, for PSII

similar to the ones existing for PJI is necessary.
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Introduction and methods the focus in recent years’ research (7,8). Compared with

. . . arthroplasty infections, peri-spinal implant infections
Periprosthetic joint infections (PJI) are among the most prasty ' P p P

devastating complications possible in arthroplasty (1). Both (PSII) pose a similar problem with similar diagnostic and

the economic impact (2,3) and the complexity in treatment (4) therapeutical approaches (9). However, existing research

have made PJI one of the most important topics for in the field is limited compared to PJI. With our review

orthopedic research in the last decade. The most thoroughly we aim to evaluate existing similarities and differences

investigated entities include the hip and knee joint (5,6),
however, also shoulder and elbow arthroplasty came into
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between PJI and PSII and to develop relevant implications
for diagnosis and treatment of PSII based on literature and
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Table 1 Comparison of different PJI definitions
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Parameters

EBJIS (11)

IDSA (12)

MSIS (10)

Necessary for definition

Clinical criteria

Synovial fluid aspiration

Histology

Microbiology (same
pathogen in number of
samples)

Further criteria

>1 criterion

() Sinus tract (fistula) or
peri-prosthetic purulence

(1) >2,000/pL leukocytes or

>70% granulocytes

(Il =23 granulocytes per
10 high-power fields

(IV) 1x synovial fluid or
>2x tissue samples or 1x
sonication fluid

>1 criterion
() Sinus tract

(I) Peri-prosthetic purulence

(Il Acute inflammation

(IV) =2x intraoperative cultures or
1x preoperative aspiration and 1x
intraoperative culture

(V) Overall clinical judgment

>1 major or =4 of 6 minor criteria
() Sinus tract

(I) peri-prosthetic purulence

(1) >3,000/pL leukocytes

(IV) >80% granulocytes

(V) >5 neutrophils per high-power field in five
high-power fields

(V1) =2x synovial fluid or >2x tissue samples

(VII) 1x synovial fluid or 1x tissue samples

(V1) ESR >30 mm/hr and CRP>10 mg/L

knowledge about PJI.

This review was performed on the basis of a PubMed,
Cochrane Library and Medline literature analysis. In
addition, literature was considered that was only identified
in the references part of other studies and not in the
primary literature analysis itself. No approval by an ethics
committee was necessary and no conflict of interest was
present. The key search terms included “periprosthetic
joint infection (PJI)”, “perispinal implant infection (PSII)”,

» o«

“spinal implant infection”, )«

arthroplasty infection”, “spine
infection” and “spine implant infection”. For a better
overview, this review will primarily focus on the comparison
of hip and knee arthroplasty with spine instrumentation. If
not stated otherwise results and studies mentioned in the

review reporting PJI thus refer to hip and knee arthroplasty.

Results

At the time of the finalization of the literature search for
this review (12/2019), a PubMed search using the term
“periprosthetic joint infection” resulted in 2,636, the term
“spinal implant infection” in 734 results, the Cochrane
Library search yielded 118 results for “periprosthetic joint
infection”, and 107 for “spinal implant infection”. Overall,
99 references were included in this review, of which 63 were
original studies, 27 reviews (including 7 meta-analyses) and
9 expert, consensus and international guideline references.

Definition

In the current literature, a PJI is usually either defined using
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the Musculoskeletal Infection Society (MSIS) criteria (10),
the European Bone and Joint Infection Society (EBJIS)
criteria (11) or the Infectious Diseases Society of America
(IDSA) (12) criteria. All three definitions have in common
that microbe detection is not ultimately necessary for
the definition of a PJI. Other criteria like histopathology,
leucocyte count from synovial fluid and clinical signs like a
sinus tract, known to possess high sensitivity and specificity
for a PJI, are considered to be sufficient as well for the
diagnosis, either isolated or combined. 7uble 1 is giving an
overview over the different PJI definitions.

A re-infection following an initial PJI treatment can be
defined via the Delphi Consensus criteria which include
a further subsequent revision for PJI, death by PJI and a
postoperative wound healing delay as defining criteria (13).
In contrast to that, up to this point no specific definition
for PSII has been established. At the moment only general
definitions for spinal surgical site infections are present,
differentiating between superficial and deep infection (14).
However, a time onset of 3-month after an operation is a

possible definition criterion for a delayed infection in both
PJT and PSII (1,9).

Incidence

The frequency of PJI primarily depends on the involved
joint. While in hip and knee joint the incidence is about
1-2% (2), the incidence in shoulder arthroplasty has
been reported to be only 1% (7), and up to 3% in elbow
arthroplasties (8). The reported incidence rates of PSII vary
within a much broader spectrum without any existing meta-
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analysis and relatively small patient samples. While some
studies describe rates of infection between 1% and 4% for
instrumented spine surgery (15), some reviews state rates
of up to 20% (9). In both, PJI and PSII, the exact number
is depending on the type of study, the subpopulation, the
exact type of surgery and several further factors. In both
PSII (16) and PJI (2) the absolute numbers are expected to
rise in the future following an elderly western population
and increasing numbers of both arthroplasties and spinal
fusions.

Risk factors

Risk factors for both PJI and PSII are similar, especially
when considering general patient condition factors such
as age, obesity, diabetes, rheumatoid arthritis, smoking,
immunosuppression, malignancy, and prior revisions
(9,17-20). Male gender was identified as an additional risk
factor for both PJI and PSII in some studies (1,9).

Similar to PJI, infections following spinal surgery are
associated with prolongated length in operation time and
subsequently increased blood loss. Surgical risk factors for
PSII and PJI, such as operative approach and implanted
material, do differ between the two entities. In PSII, a
posterior approach in spinal instrumentation is associated
with a higher, an anterior instrumentation with a lower
risk of infection (21). One study with less than 100 patients
showed that titanium implants were associated with a lower
rate of infection compared to stainless steel (22), while
one animal study demonstrated that polyetheretherketone
polymer was associated with a higher rate of infection
compared to titanium and silicon nitride (23). However,
the available literature concerning the outcome of different
materials used in spinal surgeries remains limited when
considering the number of patients and the study setting.
In contrast, in arthroplasty, Lenguerrand ez a/. were able to
show that the use of ceramic was associated with a decreased
risk of PJI following primary arthroplasty when compared to
metal bearings, using a national wide data based prospective
observational cohort study with 2,705 PJI cases (24). A
further study, using Medicare data [2005-2009], by Bozic
et al. identified metal-on-metal bearings as a risk factor
for PJI compared to metal-on-polyethylene bearings and
ceramic-on-ceramic bearings analyzing 148,827 cases (25).
One study with over 4,000 arthroplasty surgeries in knee,
hip and elbow joints identified an increased PJI risk with
metal-to-metal hinged knee prosthesis compared to metal-
polyethylen (26). However, the study included both revision
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(primarily metal-to-metal hinged) and primary arthroplasty
(primarily metal-polyethylen) cases developing a PJI, which
makes the results hard to interpret due to the skewed
groups. Latest in vitro results indicate that a titanium
implant coating might be a protective factor against PJI (27).

Pathogenesis

When comparing the microbes involved in PSII and PJI,
the main problems include the fact that the number of cases
in studies describing perispinal implant infections is limited
when compared to PJI, and that the term post-operative
spinal wound infection is used without differentiating
between implant associated infections like instrumentation
and non-implant associated infections like the ones
following a discectomy. In this review, the Mayo Clinic
Prosthetic Joint Infection Database (E. E. Berbari) (1) as
one of the largest PJI data sets was compared with three
of the most frequently cited studies dealing with spinal
implant infections (7able 2). Staphylococcus aureus and
Coagulase negative Staphylococci dominate the microbe
spectrum in both PJI and PSII. This result is also backed
by further studies investigating PSII (31-33). However,
when compared to PJI, postoperative spinal infections
demonstrate a more polymicrobial spectrum, with aerobic
gram-negative bacteria like E. co/i on the one hand, and the
Enterococcus species group on the other hand, as additional
dominating infection groups. In both, PJI and PSII, biofilm
formation on the implants by the causative organisms is
the major diagnostic and therapeutic problem. This is the
case, on the one hand, due to increased tolerance against
antibiotics of bacteria in biofilm and, on the other hand, due
to the reduced ability to successfully aspirate the microbe in
the course of the initial diagnosis. Both problems are caused
by the biofilm formation surrounding the prosthesis and
subsequently protecting and covering the microbe (34,35).

Diagnosis

In both PJI and PSII an algorithm-based diagnosis approach
has been proposed (36,37). The algorithm-based models
include the diagnostical combination of symptoms, clinical
examination, fast screen lab values like CRP, aspiration
(cellular composition of synovial and periimplant fluid,
microbe identification), intraoperative tissue samples,
histopathology, and imaging like X-ray or additional MRI
and/or CT scans. The clinical symptoms of PJI and PSII
are similar and include local pain, swelling and redness.
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Table 2 Comparison of microbe spectrum in PJI and PSII (selection of frequently cited studies) (28-30)

Mayo Clinic Prosthetic Joint

Cahill et al. [1976] (28) Weinstein et al. [2000] (29) Fang et al. [2005] (30)

Parameters Infection Database (E. F. Berbari) (1)
Hip PJI Knee PJI Postoperative (peri-)spinal infection
Total number of infections 1,979 1,427 61 46 48
Total number of patients NA 1,547 2,391 1,095
Infection rate 3.9 1.9 4.3
Diagnosis prior to infection Pediatric scoliosis Scoliosis, lumbar Scoliosis,
degenerative, spinal  spondylolysis, spinal
stenosis, herniated disc,  stenosis, tumor/
metastatic disease, radiation, trauma/
degenerative disk infection, herniated
disc, kyphosis
Procedures prior to infection Spinal fusion, decompression, discectomy
Staphylococcus aureus, % [n] 13 23 47.5[29] 73.9 [34] 56.2 [27]
Coagulase-negative 30 23 21.3[13] 10.8 [5] 37.5[18]
Staphylococcus, % [n]
Streptococcus species, % [n] 6 6 6.5 [4] 0 4.1 2]
Enterococcus species, % [n] 2 2 14.7 [9] 6.5 [3] 22.9[11]
Aerobic Gram-negative bacilli 7 5 54.7 [34]' 13.0 [6]° 22.9 [11]®
(including facultative anaerobic),
% [n]
Anaerobic bacteria, % [n] 9 5 9.8 [6]" 432 0
Culture negative, % [n] 7 11 18.0 [11] NA 0
Polymicrobial, % [n] 14 12 34.4 [21] 19.5[9] 47.9 [23]

', 10 Pseudomonas aeruginosa, 9 E. coli, 4 Enterobacter cloacae, 4 Proteus mirabilis, 3 Citrobacter freundii, 3 Klebsiella pneumoniae,
1 Acinetobacter; %, 2 Pseudomonas aeruginosa, 1 Proteus mirabilis, 1 Enterobacter cloacae, 1 Serratia mercades, 1 Acinetobacter; ®, 4
E. coli, 4 Pseudomonas aeruginosa, 3 Enterobacter; *, 3 Bacteroides fragilis, 2 Diphtheroids, 1 Eubacterium lentum; °, 1 Diphtheroids, 1

Clostridium perfringens.

Low-grade microbes primarily cause chronic infections,
high-grade ones a more acute symptom onset. A further
differentiation, especially used in spinal infections, is based
on the involved tissue layer as superficial compared to deep
infection. In addition to that, a differentiation is possible
based on the suspected focus as local, hematogenous and per
continuitatem (1,9). Both the anamnesis for a possible PJI
and PSII should include the patient’s prior conditions and
operations, as well as the current course of the symptoms.
The clinical examination should include the local status and
the search for possible hematogenous foci such as infections
of teeth or feet (38,39).

Following the initial anamnesis for patient history,
clinical signs and body examination, lab results like an
elevated CRP (C-reactive protein), the ESR (erythrocyte
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sedimentation rate) and the blood leukocyte count are
used as first fast screening parameters. The advantages of
CRP and ESR were first described in total in the context
of TKA (Total Knee Arthroplasty) by Austin et al. in
2008 as “cost-effective, highly sensitive, and low risk to
patients”. However, the combined use of CRP and ESR
in the study only demonstrated a high negative predictive
value, for the cost of a relatively low positive predictive
value (40). Berbari er 4/. published meta-analysis from
2010 included over 30 studies dealing with PJI in both
THA (Total Hip Arthroplasty) and TKA. He identified
the diagnostic accuracy for PJI to be the highest with
interleukin-6, followed by CRP, ESR, and white blood-
cell count (41). The same study also demonstrated that lab
values such as CRP are problematic in the case of chronic
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low-grade infections given their relatively low sensitivity
and specificity. Despite its downsides, the determination
of both CRP and ESR in suspected PJI, has become a
standardized part of diagnosis of PJI and is also part of
the latest AAOS (American Academy of Orthopaedic
Surgeons) recommendations (42). In contrast, data
concerning the usage of fast screening parameters for the
diagnosis of PSII are limited. Similar to the diagnosis of
PJI, the detection of low-grade spinal implant infections
using CRP and ESR remains problematic. A 10-year
retrospective study from Oxford University published in
2008 demonstrated that “17% of CRP results, 45% of ESR
and 95% of WBC results were within the normal range
prior to the diagnosis of infection” (43). However, the study
analyzed only 74 patients, of whom the low-grade microbe
Propionibacterium was identified in 34 intraoperative
tissues. A further retrospective study by Akgiin ez 4l. even
warned that the use of only CRP misdiagnoses low-grade
PSII. In the study 43% of the PSII group had a CRP
<5 mg/L prior to revision surgery (sensitivity 64%,
specificity 68%) (44). In contrast to that, Dobran ez al’s
retrospective study, that included a PSII and a healthy
control group, identified ESR and CRP as the only
statistically significant parameters, while compared to that,
fever, number of leukocytes, neutrophils and lymphocytes
were not statistically significant for an infection (45).

Joint aspiration in cases of PJI is a well-established
procedure offering the opportunity to analyze white blood
cell (WBC) count, differential count and culture in one
procedure (46). Thereby, synovial fluid WBC has been
demonstrated to have high specificity and sensitivity for
PJI, becoming part of both the MSIS and EBJIS definition
(10,11). In contrast to that, aspiration cultures show poor
sensitivity with negative rates of up to 20% in cases of an
actual underlying PJI (37). To our best knowledge, no study
has yet systematically described aspiration in the context of
PSII. We believe that the limited anatomic options for the
procedure might explain this fact. Joint aspiration following
an operation should always be considered critical, given the
postoperative inflammatory reaction with a physiological
rise in WBC, and the subsequent possibility of false positive
diagnosis. If used at all, different cutoff values should be
adapted, as proposed by Bedair er 4/l. for PJI following
primary TKA (27,800 instead of 3,000 cells/pL within the
first 6 weeks) (47). In addition, joint aspiration values should
always be interpreted together with clinical presentation
and blood tests (48).

Following the mentioned initial diagnosis, imaging is
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oftentimes used as a next step. Thereby, simple X-rays
in PJI are only able to demonstrate indirect signs of an
infection (early loosening, signs of osteolysis, radiolucency
at the cement-bone interface, malrotation) with low
sensitivity and specificity (49). Besides, a prior image is
necessary for a thorough evaluation (50). However, plain
radiographs still might be useful to quickly rule out other
causes like fracture (49), with some studies additionally
suggesting possible criteria to differentiate between septic
and aseptic osteolysis/loosening solely based on plain
radiographs (51). Given the low specificity of MRI and CT
for PJI, their relative high costs, and the necessary time
investment, both are not part of the primary PJI diagnostic
algorithm. However, they might play a role in preoperative
planning, the diagnosis of possible surrounding defects
and of per continuitatem/hematogenous PJI (52). Bone
scintigraphy is used relatively seldomly as a diagnostic tool
in suspected PJI, and given its high negative predictive
value, primarily plays a role as last preoperative option in
cases of unclear differentiation between septic and aseptic
cases (53). Similar to PJI, diagnostical imaging in cases of
suspected PSII involves X-ray, CT, and MRI with important
signs including early implant loosening, tissue swelling, loss
of height of discs, and implant dislocation. Like imaging
in PJI, an acute onset infection is oftentimes not directly
present in imaging. Thereby, MRI is showing a higher
sensitivity for fluid collections and the exact localization of
a possible infection (disc, bone, epidural localization) than
X-ray and CT scan, and thus is necessary for both the initial
diagnosis and the preoperative planning. While the majority
of spine surgeons consider loosening signs to be primarily
a consequence of mechanical failure, latest results indicate
that low-grade infections, similar to PJI, might be an
underrated cause of loosening in spinal surgery (54). Like in
PJI, radionuclide imaging is not a primary tool for diagnosis
and used as a final preoperative rule out tool (55).

CT guided preoperative biopsies have been described as
a commonly used diagnostic procedure in case of suspected
spinal infections (56). However, some studies have also
evaluated preoperative CT guided aspiration in PJI. One
study by Tomas et al. determined a “70% sensitivity, 100%
specificity, 84% accuracy, 100% positive predictive value,
and 75% negative predictive value” using preoperative
CT guided fluid aspiration together with specific CT
image findings in 63 patients with clinical suspicion for
a hip PJI (57). A similar study by Isern-Kebschull ez 4l
analyzed 96 patients with clinical suspicion for a hip PJIL.
The combination of CT-guided joint aspiration and CT
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findings (tissue swelling, prosthesis loosening, osteolysis and
ossification, enlarged lymph nodes) enabled an accuracy of
86.5% (58).

Oftentimes however, the definitive and final diagnosis of
PJI or PSII is only made intraoperatively via tissue sampling
and histopathology. In case of PJI, two samples of the
same low-grade microbes or one high grade microbe are
necessary for the final diagnosis following the latest EBJIS
guidelines (11). In addition to that, histopathological criteria
such as the Krenn & Morawietz criteria are used as for
standard diagnostics with specificity rates of up to 95% (59).
Similar to PJI, in perispinal implant infections the tissue
samples can either be gained preoperatively via radiographic
guided needle biopsy and/or intraoperatively depending on
the initial symptoms. Sign of neurological damage, sepsis
and instability require an acute intervention, making a
preoperative radiographic guided biopsy less relevant, given
the following intraoperative options for tissue sampling. In
contrast, less acute settings and unclear clinical situations
might justify a preoperative CT guided biopsy (36).

In both PJI and PSII implant sonication has
demonstrated promising results in recent years, with
studies showing high specificity and reliance with improved
diagnostic outcomes. In a prospective controlled consecutive
cohort study with more than 100 patients, Biirger et al.
were able to show that spinal implant sonication was more
sensitive than conventional peri-implant tissue culture for
the diagnosis of PSII (60). A further prospective study with
more than 100 patients by Sampedro et 4/. demonstrated
similar results with both higher specificity and sensitivity
using perispinal implant sonication compared to tissue
microbiology (61). However, in both studies the number of
actual spinal infections identified in the two patient groups
was only 35 and 22 spinal infections, respectively (60,61). A
retrospective study by Rothenberg ez 4/. with more than 500
patients demonstrated higher sensitivity using sonication
for PJI in arthroplasty compared to synovial fluid culture
and tissue culture. However, no difference concerning

specificity was identified (62).

Therapy

In both PJI and PSII, the treatment should be ideally
performed by an interdisciplinary team of microbiologists,
infectiologists, pathologists, radiologists and surgeons
in a centralized setting (63,64). A combined surgical and
antimicrobial approach is necessary in implant associated
infections, rather than an isolated surgical or sole antibiotic
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procedure.

In PJI, several treatment strategies are used depending
on the type of microbe, the onset of symptoms, the local
tissue condition and patient status. Debridement with
antibiotics and implant retention (DAIR) with the exchange
of mobile parts (head and inlay in THA, inlay in TKA) is
an established strategy for acute infections, while in chronic
infections the entire prosthesis has to be removed and
subsequently replaced by a new one. This can be performed
in the course of a one-, two-, or multiple stage exchange (64).
The main difference between PJI and PSII treatment
involves the question whether or not the material should be
exchanged. While in PJI only in acute infections a DAIR
is recommended to be performed, current studies in PSII
tend to prefer a preservation of the infected implant also
in chronic cases, given the oftentimes difficult options
for implant removal in cases of intervertebral cages and
spine vertebral replacements (9,43). The most important
exceptions to this rule included absence of wound or bone
healing, insufficient wound drainage and new or increasing
neurological deficits (9). However, implant preservation in
PSII remains controversial with some authors preferring
complete material removal for the price of increased risk of
spine instability and bone deformation (65,66), while other
authors suggest implant removal in PSII only in cases of
likely additional loosening (67).

In cases of PSII without the option of implant removal,
long term antibiotic suppression therapy might be an
option. However, systematic studies evaluating this concept
do not exist. In this context possible implications from PJI
might be helpful. Here, several studies describe and evaluate
indications, options and outcome of long-term suppression
therapy (68,69).

In both PJI and PSII the usage of antibiotic loaded bone
cement (ALBC) has been an accepted therapy strategy
for fixation in the course of reimplantation and as screw
fixation. In addition to that, ALBC is used as a spacer
following the explanation in PJI (36) or for a reduction of
anatomic dead space directly for the treatment of spinal
implant infections (70).

Antibiotic therapy in arthroplasty and spinal infections
should be based on the latest EUCAST recommendations,
the bacterial susceptibility and patient related factors
like renal function and bodyweight (9,64). In case of PJI,
a combination of intravenous (i.v.) antibiotics directly
following the operation and oral antibiotics following the
patients discharge is the treatment of choice. Different
antibiotic protocols have been published with also variable
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efficiencies. In our clinics, antibiotics are administered for a
total of 10 to 12 weeks without an antibiotic pause period,
with 1 to 3 weeks of this time as i.v. antibiotics.

In case of a one-stage exchange or DAIR, two weeks of
i.v. antibiotics without antibiofilm activity are initiated and
then switched to 10 weeks of p.o. antibiotics ideally with
antibiofilm activity. Fourteen days of antibiotics without
antibiofilm activity are initially administered due to the
risk of rapid resistance development of Staphylococci on
the skin against rifampicin (difficult to treat microbe).
Within the first 14 days, the risk of postoperative wound
healing delay, seroma, and hematoma is present. In case of
a prior administration of antibiofilm active AB (rifampicin)
combined with a revision within the first 14 days, the spread
of Staphylococci from the skin (now potentially resistant)
into the prosthesis area is possible. This risk is even present
in cases without a further surgical revision, such as in a non-
dry wound or a persistent drain with a subsequent missing
skin barrier. A rifampicin resistant Staphylococcus in the
joint is a devastating complication, requiring a long-term
antibiotic suppression therapy, and oftentimes cannot be
eradicated at all. In addition, the 14-day period is used to
wait for the intraoperatively gained microbiological culture
results. After identifying the definitive culture results, an
exact and targeted therapy is possible (1,71).

In two-stage exchanges with a short interval, two weeks
of i.v. antibiotics without antibiofilm activity are initiated
after the prosthesis explanation, followed by one further
week after the reimplantation, and finally ended by 9 weeks
of p.o. antibiotics with antibiofilm activity. In contrast, the
two-stage exchange with a long interval has 4-6 weeks of
p-o. antibiotic without antibiofilm activity between the two-
stages. Subsequently, the final p.o. antibiotic application
with antibiofilm activity following the i.v. therapy is reduced
to 5 weeks. The three-stage exchange consists of seven
weeks of continuously i.v. antibiotics administration without
antibiofilm activity and 5 weeks of p.o. antibiotics with
antibiofilm activity (1,71).

In case of PSII, no specific international guidelines are
present concerning route, dose and length of antibiotic
administration. Most authors suggest an initial i.v. therapy
of 6 to 8 weeks followed by further weeks of oral therapy
(9,72,73). Given the limited studies directly analyzing
spinal implant infections, several therapy concepts must be
transferred from other types of spinal infections like discitis
to PSII, in which 3 to 8 weeks of i.v. therapy are proposed (74).
Following the initial i.v. antibiotics administration, a switch
towards oral antibiotics is an established procedure. In case
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of spondylodiscitis, oral antibiotics can be given for several
weeks and up to three months (75). However, specific
schemes like in PJI do not exist. In case of spinal implant
preservation, a longer i.v. antibiotics phase might be useful,
given the persistence of the infected material, while the
complete removal of all infected material might justity
a shorter antibiotics administration (76). Some authors
suggest that the length of the therapy should primarily be
based on the clinical symptoms and lab values such as CRP
and ESR (77). However, concerning these parameters one
has always to keep in mind their limitations, some of which
have been discussed above.

Despite intensive treatment, both, PJI and PSII, bear
the risk of persistence, leading to further revisions and a
reduced postoperative functionality. This makes infection
prevention one of the most important aspects. In PJI,
perioperative antimicrobial prophylaxis has been shown to
reduce the rate of surgical side infections by up to 80% (78).
Similar to that, Barker er 4/’s meta-analysis found an effect
against gram-positive bacteria in cases of spine surgery (79).
Further aspects of prevention include the reduction of risk
factors as mentioned above, for example the treatment
of an underlying disease or of an immunosuppression. In
case of PSII Pull ter Gunne et /. (80) recommended an
anterior approach, a decreased blood loss of less than a liter,
avoidance of blood transfusions and identification of prior
PSII, as prophylactic factors. Ho er al. was able to show
that an adequate antibiotic regimen covering the hospital’s
specific microbe spectrum had a better outcome following
spinal surgery (81). Established prophylaxis strategies in
PJI include reduction of skin flora pathogens (82) and
antimicrobial-loaded PMMA at prosthesis implantation (83).
The usage of vancomycin powder is an established
prophylaxis in PSIL. In a systematic review and meta-analysis
Bakhsheshian ez /. were able to show that vancomycin
powder reduces the rate of postsurgical spinal infections (84).
In contrast, the effectiveness of vancomycin powder for PJI is
still controversial with some studies identifying reduced early
PJI rates following primary THA and TKA (85), and others
increased aseptic wound complications without a decrease in
PJI rates following primary knee arthroplasties (86).

Outcome

The comparison of outcome results of PSII and PJI is
difficult due to different treatment strategies, different
patient characteristics, infection definitions and follow-
ups. A general trend shows high reported success rates
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Table 3 Outcome of different treatment strategies for peri-spinal implant infections (selection of frequently cited studies) (87,88)

Study Infection type Treatment

Reported outcome

Sierra-Hoffman
et al. [2010] (87)

26 infections following
instrumentation

Early onset infection: long term antibiotics
with initial retention of instrumentation; late

25/26 cured (1 on oral antibiotics);
>36 months follow-up

onset infection: removal of instrumentation

Glassman et al.
[1996] (88)

22 deep wound infections
following instrumentation

Picada et al. [2000] 26 deep wound infections
(67) following instrumentation

Kim et al. [2010] (66) 20 deep wound infections

following instrumentation

Pull ter Gunne et al.
[2010] (80)

84 deep and 48 superficial
spinal surgical side
infections

No removal of instrumentation, debridement

No removal of instrumentation, debridement

Implant removal, debridement

No removal of instrumentation,
debridement; primary replacement of
instrumentation only in fixation failure

19/19 cured; =12 months follow-up

24/26 cured

20/20 cured; 31 months mean
follow-up

No cases of late recurrent infections
and no long-term antibiotic
suppression; =12 months follow-up

of PSII treatment using different treatment approaches
(1able 3). Compared to these results meta-analyses of PJI
indicate worse results with mean re-infection rates of 5%
to 15% depending on the involved joint and treatment
strategy. A 2016 published meta-analysis from Kunutsor
et al. identified a mean re-infection rate of 8.8% (7.2-10.6%)
after two-stage revisions in PJI of the knee (108 studies,
median follow-up 47 months) (89). An equivalent previous
meta-analysis from 2015 by Kunutsor ez 4. of PJI in the hip
reported a re-infection rate of 7.9% (6.2-9.7%) after two-
stage exchanges (60 studies, median follow-up 35 months
[48-64] (90). Both PJI and PSII show significantly worse
results in cases of co-existing or previous tumors involved in
the infection (91,92).

In cases of infection persistence with inoperability or a
persistent immunosuppression in the patient, long-term oral
antibiotic therapy is the last available treatment. Specific
PSII data concerning this type of long-term treatment are
lacking (9,63), while the success of this therapy option in
PJ1 is well established (93).

Discussion

When comparing the results of different studies analyzing
the risk factors, symptoms, diagnostic and therapeutic
approaches for PJI and PSII, several similarities can be
noted. Table 4 is showing a brief summary of the detailed
comparison of spinal implant and PJI.

However, the question remains what kind of implications
can be drawn from existing studies dealing with PJI
and used for diagnostics and treatment of PSIIL. In the

© Journal of Spine Surgery. All rights reserved.

beginning, it seems obvious that the term “(peri-)spinal
implant infection” has not been adequately defined yet
when compared to PJI. It is obvious that the term should be
discussed and defined on an international basis, similar to
the way different organizations and institutions are currently
working together to find a consensus definition for PJI (94).
In addition to the microbial detection, such a definition
should include histopathological criteria and a combination
of clinical symptoms and paraclinical parameters. To this
point, spine consensus groups are still only using the term
“spinal side infection” based on the latest CDC (Center for
Disease Control) definition (95).

The comparison of several unspecific risk factors based
on general patient associated health aspects like diabetes
or immunosuppression did not show significant differences
in spine and joint infections. Besides, these factors are
known to influence each other or at least being associated
with one another, contributing to the difficulty of a single
factor analysis. In addition, they not only contribute to the
development of an infection, but also to further medical
conditions like cardiovascular morbidities. Possible
implications deduced from these general and unspecific risk
factors are thus limited. In contrast, specific surgical factors
like the used material could be used to develop possible
solutions for PSII based on existing PJI studies. Current
in vitro analyses seem to show that titanium has protective
properties against at least some bacteria in cases of both PJI
and PSII. This is especially important because the microbes
involved in PJI are similar compared to PSII. General in
vitro biofilm studies originally intended for research in
the field of PJI could therefore also be used to develop
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Table 4 Comparison of prosthetic joint and spinal implant infection

Karczewski et al. Implications of PJI for PSII

Parameters Prosthetic joint infection

Spinal implant infection

Standardized definition MSIS, EBJIS, IDSA

Incidence 1-3%

Not yet defined on an international level

1-20%

Patient related risk factors  Obesity, diabetes, rheumatoid arthritis, smoking, immunosuppression, malignancy, prior revisions, male gender

Surgical related risk factors Perioperative complications (prolongated length in operation time, increased blood loss)

Metal-to-metal bearings

Pathogenesis Biofilm formation

Clinical signs

Posterior approach in spinal instrumentation,
Polyethyletherketone polymer surfaces, prior scoliosis

Local (pain, swelling, redness) and systemic sign (fever, sepsis)

Clinical symptoms, CRP, ESR, blood leukocytes count, fluid aspiration, intraoperative tissue samples,

Stronger focus on imaging (CT, MRI, radionuclide tracer)

Diagnosis
histopathology, radiologic evaluation, sonication
Stronger focus on joint aspiration and specific
histopathology (Krenn & Morawietz)

Therapy Combined antibiotic and surgical therapy

Acute infection: DAIR; Chronic infection:

one-, two-, three-stage exchange

Consensus concerning length and route of

antibiotic administration

Acute infection, inability to remove: retention; Chronic
infection, new neurological deficits: removal of implant

No consensus or systematic studies concerning antibiotic
administration

new concepts for spinal infections. This is especially of
interest given the similar microbe spectrum of PJI and PSII
including Staphylococcus aureus and Coagulase-negative
Staphylococci. In addition to that, PSII demonstrated a
third main spectrum of bacteria with aerobic gram-negative
bacilli like E. co/i in this study. We state the hypothesis
that the additional third main focus of bacteria in spine
infections might be associated with the proximity of spinal
surgical sites the anus. However, this hypothesis has not
been raised in current literature yet. If the proximity of the
anus is in fact involved as an additional microbe spectrum
in PSII, the entire perioperative antibiotic therapy has to be
expanded. In case of a suspected anal focus, gram-negative
Enterobacteriaceae (E. coli, Klebsiella, Enterobacter) should
additionally be covered via ciprofloxacin (e.g., 2x750 mg,
p.o.) (96).

In both PJI and PSII all studies agree that clinical
symptoms, patient history and lab values like CRP should
always be combined for a final diagnosis. However, while
some studies for PJI try to identify a combination of
paraclinical signs as being sufficient for a preoperative
diagnosis without preoperative microbe detection, none
PSII study has yet tried to establish a similar idea (97,98).
In general, CRP as screening parameter in both PJI and

© Journal of Spine Surgery. All rights reserved.

PSII remains problematic in cases of low-grade infections.
Given the different microbe spectrum involved in PJI and
PSII, it additionally remains unclear whether differences
concerning fast screen lab values between PJI and PSII
are caused by the involved prosthesis/implant, the type of
infection (low- or high-grade) or the joint itself. Compared
to PJI, paraclinical signs like CRP are not analyzed on a
larger meta-analysis level specifically for PSII. Concerning
preoperative joint aspiration studies should evaluate this
procedure in the context of PSII. Compared to PJI imaging,
both CT and MRI play a more important role in cases of
suspected PSII, considering the limited options concerning
preoperative joint aspiration and unspecific clinical signs
(9,99). This stronger reliance on imaging in PSII however
bears the problem of delayed diagnosis and of uncertainty of
the correct diagnosis due to problems when differentiating
edema and infection, collections of fluid from uninfected
hematoma or seroma, respectively (20).

Overall, the final diagnosis of infection appears to be
more difficult in PSII due to limited options compared to
PJI, especially when considering the anatomic situation
of the spine and thus limited options for tissue sampling.
Sonication as a diagnostically tool was initially established
in the field of arthroplasty and has now also demonstrated
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good results in PSII. Therefore, sonication can be
considered a classical example of an arthroplasty-based
implication for PSII. Similar to that, histopathologic criteria
such as the criteria of Krenn & Morawietz (REF) might
offer new diagnostical options for PSII as well.

Overall, the treatment of PSII remains to be more
problematic and controversial than the one of PJI, due to the
much higher risk of instability and permanent neurological
damage with every additional revision, difficulties to remove
intervertebral cages and disc replacements completely, and
different sometimes even contradicting treatment strategies
currently in use. In both PJI and PSII an interdisciplinary
assessment is essential, given the complexity of cases and the
potential complications. In arthroplasty, the differentiation
of acute onset and chronic infections is the key towards
the right choice of treatment. In chronic cases with likely
biofilm formation, a prosthesis or implant exchange for
infection consolidation is necessary in most cases, while in
acute infections a debridement combined with antibiotics
can be the treatment of choice. In PSII, the therapy remains
more controversial with more aspects that have to be
considered when in the decision-making process, including
neuronal damage, stability, acute or chronic infection, and
type of implant. Concerning a general antimicrobial and
surgical guideline, a standardized treatment protocol and
algorithm in use for spinal implant infections is missing.
Here, further research with the goal of developing and
evaluating such an algorithm seems to be a useful approach.

In general, the outcomes of PSII treatments seem to be
better when compared to PJI. We put up the hypothesis
that internal fixation in the spine with subsequent reduction
in movement and anatomic space (bone fusion) might
explain this difference when compared to arthroplasty
where a wide range of motion and more anatomic space is
necessary. However, due to the lack of meta-analyses and
mostly small patient groups, a conclusion cannot be made
at this point. In this context, the initially mentioned lack/
variability of definitions such as the term “re-infection”
or “spinal infection”, different follow-up types, and rates
of prior infections and surgeries are a further problem,
especially when considering infection numbers following
instrumentation.

Conclusions

Diagnosis, prevention and treatment of both PJI and PSII
are complex and require an interdisciplinary and specialized
setting. Due to their similarities, several concepts from PJI
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should be transferred to PSII. These include the necessity
to define specific terms like re-infection in the context of
PSII based on existing definitions of PJI, transfer knowledge
from in vitro biofilm studies and studies analyzing different
prosthesis surfaces, evaluation of histopathology as an
additional standard tool in PSII diagnosis, development
of an algorithm for a standardized treatment, and of
standardized antibiotic protocols, including long term
suppression. Examples in which this kind of knowledge
transfer has already been established include the usage of
sonication as a diagnostical tool and general aspects about
biofilm formation initially evaluated in the context of PJIL.
In conclusion, results and studies initially developed and
evaluated in the context of PJI offer valuable implications
for further research and the clinical practice for spinal
implant infections.
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