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Abstract
Study Design: Systematic review.

Objectives: Postoperative spinal implant infections (PSIl) are an increasing challenge in the daily clinical routine. This review
summarizes existing knowledge in the field of PSIl, including definitions, epidemiology, classifications, risk factors, pathogenesis,
symptoms, diagnosis, and treatment.

Methods: A systematic review was performed using a structured PubMed analysis, based on the PRISMA criteria. The search
terminology was set as: “spinal implant associated infection OR spinal implant infection OR spinal instrumentation infection OR
peri spinal implant infection.” PubMed search was limited to the categories randomized controlled trials (RCT), clinical trials,
meta-analysis and (systematic) reviews, whereas case reports were excluded. Studies from January 2000 to December 2020 were
considered eligible. A total of 572 studies were identified, 82 references included for qualitative synthesis, and 19 for detailed sub
analysis (12 meta-analysis, 7 prospective RCT).

Results: Structural problems in the field of PSIl were revealed, including (1) limited level of evidence in clinical studies (missing
prospective RCT, metanalyzes), (2) small patient numbers, (3) missing standardized definitions, (4) heterogeneity in patient
groups, and (5) redundancy in cited literature.

Conclusion: Evidence-based knowledge about spinal implant-associated infections is lacking. All involved medical fields should
come together to define the term PSIl and to combine their approaches toward research, training, and patient care.
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(randomized controlled trials (RCT) and meta-analysis), while
describing PSII characteristics in total, and using a systemati-
cally analysis following a standardized protocol like the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-analyzes) criteria.

Objectives

This systematic review aims (1) to summarize the clinically
most important characteristics of PSII, (2) to include the latest
research results in the field, (3) systematically include all RCT
and meta-analysis in the field, and (4) to critically challenge
existing results and concepts.

Methods

Eligibility Criteria

RCT, clinical trials, meta-analysis, reviews and systematic
reviews were eligible study categories, while case reports were
excluded. Publications from January 2000 to December 2020
were considered eligible. English and German articles were
accepted language categories. English abstracts of studies writ-
ten in different languages were individually considered eligible

based on whether all necessary information were included in
the abstract.

Information Sources

The review was performed on the basis of a systemic analysis
using the PRISMA criteria and algorithm. PubMed was used as
only data base. In addition to the initial search results, studies
were included that were found in the reference part of other
reviews and papers, but not in the initial search itself.

Search

The PubMed search criteria included: “spinal implant associ-
ated infection OR spinal implant infection OR spinal instru-
mentation infection OR peri spinal implant infection.” Using
the PubMed NCBI filters, RCT, clinical trials, meta-analysis,
reviews and systematic reviews were accepted study cate-
gories, while case reports and undetermined study categories
were excluded. The last search date was January 30th of 2021.

Study Selection

The individual article suitability was based on: (1) description
of implant associated infections in specific, not of unspecified
infections like general SSI or wound healing delay without
differentiation between implant and non-implant associated
cases (unspecified terms like “infection” were analyzed in the
context of the present study and considered equivalent to PSII,
if applicable); (2) relevance toward clinical routine, with exclu-
sion of solely experimental studies; (3) narrative (not systema-
tic) reviews covering duplicated/similar research results were
compared based on patient numbers, year of publication and/or

potential level of evidence, and the best match included accord-
ingly. Exclusion criteria included: (1) primary spondylodisci-
tis/spondylitis treated with instrumentation, (2) spinal
tuberculosis infections, (3) infections of spinal cord stimula-
tors, and (4) non English or non German articles.

Data Collection Process

The search was performed by 2 independent reviewers. Dupli-
cated search results were removed, and the remaining articles
analyzed, first based on the abstract, then if considered suitable,
as a full text.

Data Items

Data was sought in all fields of PSII, including definition,
epidemiology, pathogenesis, risk factors, symptoms, diagnosis,
treatment and prophylaxis. Unspecific terms like “deep spinal
infection” were considered equivalent to the term PSII depend-
ing on the context of the study.

Risk of Bias in Individual Studies and Risk of Bias Across
Studies

Potential bias of RCTs was evaluated via the revised Cochrane
risk of bias tool for randomized trials (RoB 2.0).* Five different
categories (randomization process, deviations from intended
interventions, missing outcome data, measurement of the out-
come, selection of reported results) were accessed for risk of
bias, and studies graded as “low risk of bias” (1; low risk in all
domains), “some concerns” (2; at least 1 domain raising
concerns), or “high risk of bias” (3; high risk of bias for at least
1 domain or concerns in multiple domains). Bias analysis was
independently performed by 2 reviewers (DK and MP).
Non-RCT were evaluated via the “risk of bias in non-
randomized studies of interventions” (ROBINS-I) tool.’
Evaluated bias categories include confounding factors, selec-
tion of participants, classification of interventions, deviations
from intended intervention, missing data, measurement of out-
comes, and selection of the reported results. Categories were
classified in no information (0), low bias (1), moderate bias (2),
serious bias (3), and critical bias (4).

Additional Analyzes

All prospective RCT and meta-analysis were summarized sep-
arately, to give an overview over all potential level of evidence
category I and II studies.

Summary Measures and Synthesis of Results

As no meta-analysis was performed no principal summary
measures and no synthesis of results were reported.
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Figure . Prisma flow chart.

Results

Study Selection

A total of 572 studies were identified, 528 through the initial
search criteria, and an additional 44 records through the refer-
ence part of analyzed studies or quotation by analyzed studies
(Figure 1).

Study Characteristics

Overall, 82 references, including a detailed analysis of 12
meta-analysis and 7 prospective RCT, were included, as
demonstrated by the flow chart (Figure 1).

Results of Individual Studies

Definition and epidemiology. A PSII is not yet defined on an
international basis, and is oftentimes not differentiated form
the term SSI, especially in older articles.'” Trampuz et al
(2018) suggested a possible definition based on the EBJIS
(European Bone and Joint infection Society) periprosthetic
joint infection (PJI) criteria, and thus considers microbiology,
histopathology and clinical signs as possible defining criteria
(Table 1)®7 (reference 5 was not included in the systemic
PRISMA search). A PSII can either be classified concerning
(1) acuity of symptoms or (2) based on the origin of infection.
Trampuz et al have suggested a PSII <6 weeks following a
surgical intervention an acute, >6 weeks a chronic infection.
In cases without a directly prior operation (hematogenous or
contiguous), <6 weeks of symptom duration is defined an
acute, >6 weeks a chronic PSIL® Alternatively, Pawar et al
have suggested <3 weeks an acute, >4 weeks a chronic infec-
tion based on results used for SSI.®

Table 1. PSIl Based on PJI Definition.

PSIl (PRO-IMPLANT foundation)® PJI (EBJIS)”

>1 criterion must be present for
diagnosis

Symptoms: fistula or purulence or
probe to implant test

Peri-implant inflammation in
histology (not specified yet)

>1 criterion must be present for
diagnosis
Symptoms: fistula or purulence

Peri-implant inflammation in
histology (>23 granulocytes
per 10 high-power fields)

Positive microbiology: > 2 out of
at least 3 tissue samples or
sonication fluid (> 50 CFU/ml)
or synovial fluid

n.a. Leukocyte count in synovial fluid:

> 2000/pl leukocytes or > 70%

granulocytes

Positive microbiology: > 2 out of
at least 3 tissue samples or
sonication fluid (> 50 CFU/ml)

An infection rate of 0.7 to 20% after spinal instrumentation
procedures, based on the review of Kasliwal et al (2013), is
cited as a possible range by nearly all authors.' In the only
systemic analysis present, Patel et al have calculated a pooled
average SSI rate of 1.9 (0.1-22.6) % following spinal surgery
(196 study cohorts, 425.180 patients), and of 3.8 (0.4-20) %
following instrumented spinal fusion (39 study cohorts, 28.628
patients).” Jung et al compared patients treated with (1.176) and
without spinal implants (699) in the course of open lumbar
surgery within a 15-year period and within 1 single institution.
The infection rate within the spinal implant group was signif-
icantly higher compared to the non-implant group (2.64% vs.
1%; P < .05)."° Ishii et al reported of a rate of 1.1% of “deep
surgical-site infection” within a group of 3.462 instrumented
spinal surgeries.'' To the authors best knowledge, the study
with the highest patient numbers in the context of
“postoperative spinal site infection” is the 1 of Horn et al
(2019) using the 2005 to 2013 results of the American College
of Surgeons National Surgical Quality Improvement Program
(ACS-NSQIP) database. 90.551 elective spine surgery patients,
of whom 1.4% developed SSI, were identified.'?

Pathogenesis and risk factors. A differentiation of PSII types can
also be based on the focus of infection as local, hematogenous
or contiguous.'® A prospective study by Margaryan et al (2020)
was able to show that 98% of all PSII were acquired during
surgery, with the majority of them being acute infections.'* The
most frequently identified microbes include Staphylococcus
aureus, Coagulase negative Staphylococci and Cutibacterium
spp.'*'® However, in up to 50% of the cases no microbe can be
detected.'” Following an operation, a local focus should always
be suspected first.'* In chronic cases a hematogenous focus
should be considered, with genitourinary as its leading cause.'®
Per continuitatem infections are extremely rare and primarily
described in the context of an infected aorta graft.'®°
The pathogenesis is based on biofilm formation, with subse-
quent implant loosening and fistula formation, especially in
chronic cases.®
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Table 2. Risk Factor Classification for PSII / Spinal Site Infection Based on Kasliwal and Blood et al.'?'

Category Explanation

Risk factors

Unspecific patient related factors General risk factors that increase the morbidity and
mortality in the health care setting, and that are
comparable with other surgical fields like hip or

knee arthroplasty.

Unspecific surgery related factors General risk factors that increase the morbidity and
mortality during surgery, but are not specific for

PSII.

Specific surgery related factors

Surgery related risk factors, specific for PSII.

Advanced age, diabetes mellitus, high ASA, obesity,
immunosuppression, medications (steroids,
alcohol, tobacco), malignancy, (male sex)

Prolonged operation time, prior operation / trauma,
malignancy, preoperative hospital stays, use of
blood transfusions and cell savers, postoperative
complications

Posterior and open surgical approach, number of
involved spinal segments, stainless-steel as implant
material

Based on the risk factors for SSI described by Kasliwal et al
(2013)" and Blood et al, (2017),%" a simplified classification of
risk factors is possible (Table 2). In the beginning, any foreign
spinal material is a risk factor for a spinal infection itself, as
compared to non-instrumented cases.'> In this context, Olsen
et al were able to show that a posterior approach was associated
with a significantly higher SSI rate in a combined group of
patients undergoing laminectomy and/or spinal fusion (OR
8.2, 95% CI 2-33.5).%% In contrast, an anterior approach is
associated with a lower infection risk, likely due to less muscle
destruction, blood loss and anatomic dead space formation, as
hypothesized by Kasliwal et al.' Titanium as instrumentation
material has demonstrated promising results and is discussed
later as part of the prophylaxis section.”*** Ho et al identified a
more distal level of posterior fusion with instrumentation (thor-
acic as compared to lumbar) as risk factor for infection. How-
ever, the infection group only included 30 patients and a
multivariate logistic regression analysis could not show signif-
icance.”® Schimmel et al identified a higher number of spinal
levels as a risk factor for infection in a patient group of 1.568
patients treated with spinal fusion, developing a total of 36
infections.?’

Symptoms and diagnosis. To this point there are no clinical stud-
ies present that describe the sensitivity, specificity, positive or
negative predicative value of specific symptoms in the context
of PSII. In addition to classical symptoms of a local infection
(redness, pain, swelling, loss of function, warmth), a progres-
sion of symptoms following an operation is characteristically,
differentiating PSII from physiological / normal postoperative
pain.?® Wound drainage (seroma, purulence) is the most com-
mon local, fever the most common systemic presentation.?’
High-grade microbes (Staphylococcus aureus, Streptococcus
spp.) are primarily responsible for acute postoperative cases
(high fever, sepsis, postoperative wound healing), low-
virulent microbes like Coagulase-negative staphylococci or
Cutibacterium are causing chronic PSII, resembled by implant
loosening, gradual development of fistulas and neurological
deficiencies.’

The initial diagnosis of PSII should include a detailed ana-
mnesis, including prior spinal operations and a full body

clinical examination.® In suspected PSII, CRP can be deter-
mined next. A CRP < 5mg/l should never be considered an
absolute exclusion criterion for a PSII, especially when con-
sidering patients with chronic and low-grade infections.*%-*'
Procalcitonin, ESR and a leukocytosis might be alternative
diagnostical tools, although their predictive value specifically
in the context of PSII has not systematically determined yet.*>
Blood cultures should be taken in any patients showing signs of
systemic infections or sepsis.>> An MRI with Gadolinium
enhancement is the gold standard for imaging in suspected
PSII, and might show epidural fluid collections, bone destruc-
tions and marrow inhomogeneity.?® However, CT and plane X-
Ray can be used as a faster and cheaper way to rule out or show
additional pathologies like fractures or implant loosening, and
might show lytic lesions, loosening or pseudarthrosis as indi-
rect signs of an infection.>* Positron emission tomography
might be an alternative in undetermined cases following the
prior mentioned diagnostical tools.*” In undetermined cases,
CT guided biopsy might offer a possible solution.>® Alternative
or additional diagnosis, including aseptic implant loosening,
spinal tissue infection without implant involvement and skin
infections like erysipelas should be excluded at any stage. Iden-
tification of possible infection areas is essential and should
include hematogenous foci (teeth, heart, lung, urinary tract,
foreign devices), local foci (skin, surrounding tissue, bone) or
trigger (operations, dental procedures, immunosuppressive
medications). Following preoperative diagnosis, intraoperative
diagnosis should be performed similar to PJI, and thus should
include sonication of removed implants, microbial detection
out of the intraoperative samples, and histopathology.®” Akbar
et al estimated the probability of microbe detection to be 50%
using 2 to 3 intraoperative tissue, and up to 70% using 5 sam-
ples, based on results from PJI.*® While present studies indicate
high rates of microbe detection using spinal implant sonica-
tion,*” histopathology demonstrated poor results in identifying
infection. A study by. Biirger et al calculated a sensitivity of
51% for the detection of PSII using histopathology in a study
cohort of 47 patients, and concluded that histopathology is
insufficient, especially when detecting low-grade microbes
such as Cutibacterium.*
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Treatment and prophylaxis. The treatment of PSII remains con-
troversial. In 2014 Lall et al systematically analyzed all
PubMed studies comparing/discussing the principle of spinal
implant retention versus removal. He could not identify a single
level of evidence I or II study.*' In general, a common rather
than an isolated surgical and antimicrobial approach is consid-
ered a preferred strategy, combined with an interdisciplinary
team of microbiologist, orthopedic-/neurosurgeons, and pathol-
ogist in a specialized and centralized department.*** While
unstable implants and patients presenting with (impending)
neurological damage should undergo imminent implant
removal, patients unable to undergo surgery (cardiovascular,
anesthesiologic and surgical contraindications, limited life
expectancy, personal refusal) can be covered by long term
suppressive antibiotic therapy,’® although long term results of
suppressive antibiotic strategies are still undetermined. Cases
involving completed biofilm formation on spinal implants
(chronic infections)** and specific microbes that cannot be
eradicated by antimicrobial therapy alone (difficult to treat
(DTT) microbes)® should undergo implant exchange due to
high failure rates.***® DTT microbes are considered microbes
resistant to biofilm active antimicrobial therapy, and include
Rifampin resistant gram-positive bacteria, fluroquinolone
resistant gram-negative bacteria, and fungi/candida.® The
spinal stability is the critical factor limiting complete and mul-
tilevel implant removal, especially considering instable frac-
tures and the following patient mobilization. Thus, exchange
for stabilization rather than removal is necessary in instable
cases. Debridement and implant retention with antibiotics
(DAIR) is a possible treatment strategy for acute infec-
tions.*”*” Thereby, a second look surgery might improve the
therapeutic outcome in DAIR.’® In this context, the role of
DAIR in chronic cases unable to undergo implant removal /
exchange due to instability or perioperative factors remains
unknown.

The exact length of administered antibiotics (AB) remains
controversial. Trampuz et al have suggested AB administration
for a total of 12 weeks in cases of implant retention and one-
stage exchange. According to the authors, a possible empiric
intravenous (i.v.) therapy is Vancomycin (2 x 1 g) together with
Ampicillin/Sulbactam (3 x 3 g), or together with Piperacillin/
Tazobactam (3 x 4.5 g) in cases of multiple previous revisions.®
In contrast, Bullmann et al have suggested only 6 weeks of AB
following the surgery.’! All authors agree that, as soon as a
specific microbe or a combination is detected, a targeted era-
dication therapy must be started immediately. The exact com-
bination depends on the microbe’s susceptibility, patient
weight, renal and liver function. In a 10-year cohort study,
Koder et al (2020) were able to show that PSII treated with
biofilm active AB demonstrated a significantly higher infection
free survival rate as opposed to non-biofilm active AB.>

Despite general trends toward specific treatment paradigms,
alternative treatment strategies are still present and should be
considered dependent on the individual case. For example, a
study by Yin et al (2018) was able to show that aggressive
debridement combined with vacuum closed-suction drain and

AB was able to resolve late onset PSII with implant retention in
41 of 42 cases.” A further study by Bosch-Nicolau et al was
able to show that 8 weeks of AB was not inferior to 12 weeks in
acute PSII treated with DAIR.>

Given the complexity of PSII treatment, an adequate pro-
phylaxis avoiding an infection in the first place is necessary.
Prospective RCTs by Meneske and Bible et al covering spinal
implants before and during surgery,>>>® as well as metanalysis
by Stepanow and Khan et al using Vancomycin powder,”’®
demonstrated significantly lower infection rates in spinal
implant surgeries. However, the risk for development of resis-
tant bacteria is a possible downside in the long run, and thus the
indication for prophylactic local AB administration should be
critically reviewed.>® Further strategies reducing the rate of
PSII include AB prophylaxis,®® an anterior surgical approach,®’
regular glove changing,’>®® minimal invasive surgery,®* and
AB-impregnated fibrin sealant.®®

Antibiotic prophylaxis is a critical factor when avoiding
PSII in the first place and should be based on the patient’s
weight, liver and renal function, possible allergies, incision to
closure time, blood loss, and previous surgeries. Table 3 is
showing an overview over all included clinical original studies
dependent on antibiotic prophylaxis and implant type (exclu-
sion of narrative reviews; systematic reviews and prospective
RCT are listed separately in Table 4 and 5).°°%° All authors
cited in this systematic review, except Tofuku et al® (propos-
ing a synthetic penicillin), used a first- (cefazolin, cephalothin)
or second-generation (cefuroxime, cefamandole, cefonicid)
cephalosporin as first line preoperative antibiotic prophy-
laxis, '0+15:22:26,27.29.39.49.50.54.61 g me authors additionally used
a second combined preoperative antibiotic prophylaxis such as
an aminoglycoside in selected cases.”>’*’! In cases of known
allergy to penicillin or cephalosporin, vancomycin was used/
suggested by all authors,'®!32%3061.72 oy cept Bosch-Nicolau
et al that suggested a combination of clindamycin and genta-
mycin in known beta-lactam allergy instead.”* While this
cephalosporin and aminoglycoside-based prophylaxis is able
to reduce the rate of low-virulent organisms such as S. aureus,
resistant nosocomial microbes as Pseudomonas aeruginosa and
MRSA are resistant to this first-line prophylaxis.”!

While the selection of first line prophylaxis and first line
alternative in allergies is relatively consistent among authors,
both dosage and time interval of prophylaxis presents itself
inconsistently. Some authors suggest a constant amount of pro-
phylaxis (usually 1-2 g cefazolin),'® while some propose a body
weight adapted dosage (e.g., 50mg/kg).*> All authors agree
that cephalosporin prophylaxis should be started at a maximum
of 1 hour prior to incision,'*2%-3949:30-61.65 A repeated prophy-
laxis was performed by Collins et al when surgery was more
than 2 hours,>' by Liu, Lamberet and Litrico et al in operations
longer than 4 hours,'®**"? by Fang et al after 6 hours of surgery
or significant blood loss,'? and by Pull ter Gunne et al after 4
hours or 1.5-liter blood loss.***°!

In contrast, some authors suggest a prolonged antibiotic
prophylaxis not only in selected cases but rather as a postopera-
tive standard in all cases, independently of surgery time or
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Table 5. Overview Over All Identified Meta-Analyzes Concerning Spinal Implant Infections.

Meta-analysis

Results

Stepanov et al (2020)°’
Keorochana et al (2019)

Luo et al (2017)"7

Khan et al (2014)%®

Vancomycin powder reduces the incidence of infection in cases of stabilizing implant surgeries (P = .004); 28 studies;
17.469 patients

lliac screw fixation with statistically significant higher chance of infection by relative risk of 3.03 (95% ClI, 1.62-5.66)
compared to sacral 2 alar iliac screw fixation; 7 studies; 377 patients

Pedicle screw (PS) compared to hybrid instrumentation (HI) for adolescent idiopathic scoliosis demonstrated no
statistically significant difference (P > .05) concerning infection (PS 1.068 patients; HI 963 patients). However, a
significantly higher rate of reoperations due to “deep infections” (in this context considered implant infection)
(P = .016) in the PS group (969) was identified compared with the HI group (663)

Patients with implants had a reduced risk of infection with vancomycin powder (P = .023), compared with those

without spinal implants (P = .226); 10 studies; 2.574 cases in the control, 2.518 in the treatment group

Phillips et al (2020)”*

No statistically significant difference concerning PSIl development between extended postoperative and

preoperative antimicrobial prophylaxis in instrumented surgery (P = .93); 888 patients

Wang et al (2019)7®

No statistically significant difference concerning infection between (P = .24) cortical bone trajectory and pedicle

screw in posterior lumbar fusion surgery; 14 studies; 954 patients

Zhang et al (2018)7°

No significant difference concerning postoperative infections between combined pedicle screw fixation at the

fracture vertebrae compared to conventional method cross the fracture vertebrae (P = .39); 7 studies; 388

patients
Tong et al (2018)%°

No statistically significant difference concerning infection rate between intersegmental pedicle screws (4-screw

fixation) and addition of intermediate fixation screws (6-screw fixation) for thoracolumbar fractures; 6 studies;

310 patients
Liu et al (2017)8'

No statistically significant difference concerning infection rate between unilateral and bilateral pedicle screw fixation

with PLIF; 6 studies; 500 patients (P =.32)

Vertuani et al (2015)%?
Ye et al (2013)%

Minimal invasive TLIF with lower infection rate (0.09) than an open based TLIF (0.12); no P value calculated
No significant difference between PLF and PLIF group with transpedicular screw fixation for isthmic spondylolithesis

concerning infection rate (P = .191); 4 studies; 226 cases

Lykissas et al (2013)%

Infection rates following instrumented posterior spinal fusion for adolescent idiopathic scoliosis: Harrington rods

(5.5%), cotrel-dubousset (4.3%), pedicle screws (1.1%); 14 studies; 721 patients

blood loss. Pull ter Gunne et al continued the antibiosis for 1
day after surgery,?>®' Fang and Tofuku et al for 2 days after
surgery,'>®° Darouiche et al for 1 to 4 days,’® and Chang et al
for up to 5 days.”' Prospective RCT and systematic analysis
covering antibiotic prophylaxis are limited. A prospective RCT
by Hellbusch et al could not identify a significant difference
between single (preoperative i.v. cefazolin only; n = 117) and
multiple doses of antibiotic prophylaxis (preoperative i.v. cefa-
zolin plus postoperative cefazolin i.v. every 8 hours for 3 days
followed by oral cephalexin every 6 hours for 7 days; n = 116)
in instrumented lumbar fusion concerning infection rates (P >
25).7 Similar to that, a systematic review by Phillips et al
(2020)"* could not identify a statistically significant difference
concerning PSII development between extended postoperative
and preoperative antimicrobial prophylaxis in instrumented
surgery (P = .93; 888 patients).

Titanium as instrumentation material has demonstrated pro-
mising results. A clinical study by Soultanis et al compared 50
scoliosis patients treated with posterior stainless-steel instru-
mentation, and 45 patients treated with titanium implants. In
the course of the follow-up, 6 patients in the stainless-steel, and
1 patient in the comparison group demonstrated signs of late
infection.”> The superiority of titanium has additionally been
shown in several in vitro studies.>**> According to Arens and
Meneske et al titanium is the spinal implant of choice due to
MRI compeatibility, higher biocompatibility, and less risk of
infections compared to stainless steel.>>>> For that reason,

titanium has become the standard spinal implant in many hos-
pitals. For example, stainless steel was replaced by titanium
implants only since 2003 in the hospital reported of by Collins
et al.>! In contrast, Polyethyletherketone (PEEK) is showing a
higher infection rate compared to titanium, likely due to its
surface allowing for better biofilm formation." However, as
demonstrated by Table 4 and Table 5 studies directly compar-
ing titanium, stainless steel and PEEK are limited to the cited
study of Soultanis et al and in vitro studies. As many studies do
not report a specific material type at all, and the studies are
highly heterogenous concerning patient characteristics and
intervention, a further comparison of different material among
studies is not possible.

Additional Analysis

Existing meta-analysis and prospective RCT. A total of 82 results of
the 572 overall identified articles were sub analyzed for pro-
spective RCT and meta-analyzes. As demonstrated by Table 4,
only 4 RCT were able to show statistically significant results:
air barrier system reduces the number of airborne colonies
forming units during spinal implant surgery, covering with
surgical towels reduces the rate of spinal implant contamina-
tion, and 0.35% povidone-iodine solution reduces the rate of
infection following instrumentation.>>>*”%”! The remaining
RCT dealing with PSII could not show significant differences
between single-use and reusable instrumentation, postoperative
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Table 6. Potential Bias of RCTs (RoB 2.0).

Randomization Deviations from

Missing Measurement Selection of

Study process intended interventions  outcome data  of the outcome  reported results  Overall bias
Darouiche et al (2017)”° I I I I 2 2
Menekse et al (2015)>° I I I 2 2 2
Bible et al (2013)%¢ I I 2 2 2 2
Chang et al (2006)”"' I I I 2 I 2
Litrico et al (2016)"? 3 2 2 2 2 3
Dromzee et al (2012)7° 2 I I 2 I 2
Hellbusch et al (2008)"3 2 2 [ [ [ 2
Table 7. Risk of Bias in Non-RCT (ROBINS-I).
Deviations
Selection of Classification  from intended Missing Measurement  Selection of

Confounding participants of interventions interventions data  of outcomes reported results Overall
Margaryan et al, 2020'* 2 2 | 2 I I | 2
Soultanis et al, 2008% 3 2 2 2 3 3 2 3
Kéder et al, 202 0%2 2 2 | 2 2 2 2 2
Bosch-Nicolau et al, 2019%* 3 2 2 3 2 3 2 3
Tofuku et al, 201 2%° 2 2 [ 2 3 3 2 3
Pons et al, 1993 2 2 2 2 2 [ 2 2

infection in patients with and without a sterile film-forming
cyanoacrylate liquid, and between single and multiple dose
AB prophylaxis.”*"*"

Like with RCT, only 4 meta-analyzes were able to demon-
strate statistically significant results (Table 5): Vancomycin
powder reduces the rate of spinal implant infection, sacral 2
alar iliac screw fixation showed a lower risk of infection com-
pared to iliac screw fixation, and pedicle screws demonstrated a
significantly higher rate of reoperations for reinfection than
hybrid instrumentation.’”*®7%77 In contrast significantly
reduced risk for infection was not identified with extended
postoperative and preoperative antimicrobial prophylaxis, or
different screw fixation techniques.’*’%79-80-84

After analyzing the context of the study, the term “deep
spinal infection””"”7 and the unspecified term “infection
(rate)”"-38727678 \were considered equivalent to the term PSII
in the included RCT and meta-analyzes, as opposed to solely
wound healing delay and superficial infection. In addition,
although not directly reporting of implant infection, studies
dealing with “contamination rates” of spinal implants were
considered eligible for inclusion, given the limited absolute
number of studies.’>>%7°

Risk of bias Potential bias was assessed in 7 RCTs via the
RoB 2.0 tool (Table 6), the ROBINS-I tool for was used for 6
non-randomized studies. “Some concerns of bias” were identi-
fied in all RCTs, except Litricio et al,’® in which “high risk of
bias” was accessed due to an inadequate randomization pro-
cess. In contrast, “serious bias” was identified in 3 of the 6 non-
randomized studies, primarily due to the measurement of
outcome and missing data (Table 7). However, no critical bias
could be identified following the evaluation. Overall, no study

fulfilled all criteria for low bias. While an overall number of 32
original studies (excluding RCTs) could be included in Table 3,
only 6 of them included an intervention, as most studies were
solely descriptive, analyzing specific patient and diagnostically
characteristics.

Synthesis of Result

As no metanalysis was performed no confidence intervals and
measures of consistency were calculated.

Discussion

Limitations

Up to this point, level of evidence I and II studies in the field of
PSII, especially prospective controlled and double blinded
studies, as well as meta-analyzes are limited. To the authors
best knowledge, not a single prospective double blinded level
of evidence I study addressing different treatment strategies for
PSII with more than 100 patients is existing at this point. In
addition to a limited level of evidence, the absolute numbers
are a limiting factor compared to other fields like arthroplasty
in which data sets with a few 1.000 patients are present®> (ref-
erence 79 was not included in the systemic PRISMA search).
This problem is aggravated by non-standardized definitions of
spinal implant infections. Different articles are using different
terms like “spinal site infection,” “superficial / deep infection”
or “wound infection.” In 2015 Nota et al already noted that
different definitions of the term “surgical site infection” were
present, and that the different terms lead to varied frequencies
of infection rates after spinal surgery within the same
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population.®® The term “postoperative spinal implant
infection” as used in this article still needs to be defined on
an international level. Similar to arthroplasty were several
internationally accepted definitions and even a consensus pro-
cess is present®® (reference 86 was not included in the systemic
PRISMA search), an international consensus for the term
“spinal implant infection” is necessary. The initially mentioned
definition of Trampuz et al might be a first step toward this
direction.® However, the definition has neither been evaluated
in clinical studies, nor been accepted as an international stan-
dard, like its EBJIS counterpart. In addition, it remains
unknown, if results and definitions initially developed in the
field of PJI are directly transferable toward the field of PSII
after all. For example, instability within knee and hip joint are
of less direct importance compared to the spine where immi-
nent neurological damage can result as a consequence. Thus,
implant exchange or even a complete removal like a girdle-
stone resection arthroplasty might be an option in hip PJI, but
are not directly transferable toward the field of PSII. An addi-
tional problem includes the heterogeneity even within the
group of spinal implant infections, with some infections refer-
ring to pedicle screws, others exclusively to cages®’ and further
studies to plates. In this context, it remains unknown if cement
is considered a spinal implant. Besides, special patient groups,
for example scoliosis surgery patients, known to demonstrate
comparable high rates of late-onset infections,®’ are oftentimes
analyzed together with elderly patient groups treated for frac-
tures caused by osteoporosis or trauma.

A final problem, which however also might be a general
problem of research in orthopedics, includes the redundancy
of cited literature. For example, nearly all articles describing or
discussing the field of PSII, including this article, cite the 2-
20% infection rate stated by Kasliwal et al without even men-
tioning different results."

Summary of Evidence

As criticized by prior authors, it seems necessary to define the
term “spinal implant associated infection / spinal implant infec-
tion / spinal instrumentation infection / postoperative spinal
implant infection.” While Trampuz et al have already proposed
concrete definition criteria, this article suggests an additional
more abstract definition of the term. A possible definition can
be adapted on the basis of the term “(postoperative) surgical
site infection” and has in return to be differentiated by the term
in the way that not any spine operation is necessarily using
foreign material (e.g., microsurgical nucleotomia following a
mediolateral disc prolapse). Based on review results'™ we
therefore suggest the following general definition. A PSII is:
(1) an infection of any foreign spinal implant, (2) excluding
autologous/allogenous bone material and cement, (3) indepen-
dently of the original cause of surgical integration, onset of
symptoms and route of infection, (4) with the possibility of
peri implant biofilm formation. A possible downside of the
presented term PSII includes a strong focus on a recent oper-
ation, and thus the term “spinal peri-implant infection” might

Early PSII ive Spinal-Implant ions (PSI) Late PSII
<6 weeks =6 weeks
AB Suppression until operable
' No PP pe No .
Operable? - Consider additional debridement if feasible — Operable?

Ne One-stage exchange Mo

Stable Difficult-to-
Trpint? _ Exchange implant—» 2 weeks v, AB-» 10 weeks oral biofilm active AB — rest
‘ microbes? (1)
Following $
consolidation N
AB suppression

Implant retention
Debridement-> 2 weeks iv. AB-> saveral weeks oral AB
without biofilm activity

Therapy
failure

Debridemant and exchange of mobile parts (if feasibla)»
2 weeks iv. AB-3 10 weeks oral biofilm active AB
(1) Dt reat micrebes = DT ave v

sistant to biafim-active antimicrobiak: Aifamgineesistant staphylococel, Giprofioxacinresistant gram negatie bacteria, Candida

Figure 2. A simplified therapy algorithm for PSII.

be another option to put an additional focus on hematogenous
infections without direct prior surgery. In addition, the role of
cement and autologous/allogenous bone material as part of the
definition was discussed controversially in our working group.
Ultimately the authors decided to exclude bone material and
cement from the definition, because (1) the PSII definition was
primarily based on existing definitions of PJI, (2) biofilm for-
mation on prosthesis surface differs from the 1 on cement, and
(3) isolated infections of integrated bone material and (antibio-
tic augmented) cement is rare compared to instrumentation.®’

Based on the classification of PSII into acute or chronic
infections, the operability, the stability of the implant, the types
of involved microbes, and the paradigms mentioned in the
results part, an additional simplified algorithm-based treatment
model was developed for this article (Figure 2). In general,
acute PSII with implant stability should be treated with implant
retention and debridement, chronic cases without the involve-
ment of difficult to treat microbes (DTT) with a one-stage
exchange, given completed biofilm formation on implants, and
subsequently reduced options to eradicate bacteria with iso-
lated debridement and AB. AB suppression therapy is an option
for inoperable cases and cases involving DTT microbes, until
an implant exchange is possible.

Future Approaches

Future training, research and patient care in spinal implant
infections should include a combined approach by neurosur-
geons, microbiologists, infectiologists, and orthopedic sur-
geons. Such an approach might not only offer better clinical
results, but would also increase the number of patients for
studies. Additionally, implications from other fields like
arthroplasty and neurosurgery should be critically reviewed
and transferred in an adapted way to the field of PSII. For
example, RCT should compare existing knowledge about AB
prophylaxis in neurosurgery with current concepts in PSIL.®®
An example of such a knowledge transfer is the usage of soni-
cation, initially developed in the field of arthroplasty, which
has been successfully established in spinal surgery in recent
years.?’ Finally, personalized medicine might play a stronger
role in the future, as specific risk factors now can be contrib-
uted toward specific patient groups, like for example a stronger
association of Cutibacterium acnes in young, thin patients with
instrumentation of the thoracic spine.®
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Conclusion

International consensus on a standardized definition of the term
“spinal implant infection” is necessary. Existing concepts
should be critically reviewed, given their limited level of evi-
dence and small patient numbers. A combined approach by
neurosurgeons, orthopedic surgeons and infectiologists is
essential when dealing with complex patient cases. Both a
possible definition and standardized treatment algorithm has
been proposed by this article.
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