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I. Abstract 
Abstract (English) 

Introduction 

Spinal implant-associated infections (SIAI) are among the most significant 

complications after spinal stabilization. The diagnosis of SIAI is complex and 

treatment strategies require further standardization. The aim of this work was to 

evaluate the clinical, laboratory, microbiological, radiological and treatment 

characteristics in patients with SIAI, using uniform definition criteria and diagnostic 

procedures as well as a standardized treatment approach. 
 

Material and methods 

Between 2015 and 2019 all patients diagnosed with SIAI were prospectively included 

in our study. A SIAI was defined by following criteria: (i) secondary wound 

dehiscence, exposed implant or intraoperative visible pus; (ii) relevant microbial 

growth in peri-implant tissue samples or in sonication; (iii) peri-implant inflammation 

in histopathology. SIAI were classified in early-onset (≤6 weeks) and late-onset (>6 

weeks) after index surgery. All patients were treated according to a standardized 

algorithm. 
 
Results 

From 250 included patients, 61% had an early-onset and 39% a late-onset 

infection. The most common clinical manifestation in early-onset infections was local 

inflammatory signs. Late-onset infections manifested with persisting local pain. 

Particularly in late-onset infections, sonication fluid culture showed higher pathogens 

detection rates than peri-implant tissue samples (92% vs. 75%, p=0.005). Overall, 

the most common pathogens were coagulase-negative staphylococci (38%), 
Staphylococcus aureus (24%) and Cutibacterium spp. (19%). In early-onset 

infections the predominant surgical approach was debridement and implant 

retention, whereas partial or complete implant exchange was mainly performed in 

late-onset infections. In twenty percent of the patients more than one surgical 

revision was performed. After initial intravenous antibiotic therapy, oral biofilm -active 

antibiotics were administrated in 88%. The median treatment duration was 11.7  
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weeks. Ninety-eight percent of patients have been discharged with a dry wound; 

six patients died during their hospital stay. 

 
Conclusion 

The most frequent SIAI were early-onset infections. This suggests a perioperative 

acquisition of infection. Early-onset infections presented mainly with local 

inflammatory signs whereas late-onset infections manifested with persisting or 

increasing local pain. The most sensitive microbiological diagnostic method in SIAI 

was sonication of explanted material, particularly in late-onset infections. 

Independently of the moment of onset of the infection, debridement and implant 

retention was used in well-integrated implants without loosening. 
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Abstrakt (Deutsch) 
 
 
Einleitung 

Spondylodese-assoziierte Infektionen (SAI) gehören zu den bedeutendsten 

Komplikationen nach Stabilisierungsoperationen der Wirbelsäule. Die 

Diagnosestellung dieser Infektionen ist komplex und eine weitere Standardisierung 

ist erforderlich. Ziel dieser Arbeit war es, die klinischen, laborchemischen, 

mikrobiologischen und radiologischen Charakteristika sowie die 

Behandlungsstrategien bei Patienten mit SAI unter Anwendung von einheitlichen 

Definitionskriterien, diagnostischen Verfahren sowie standarisierten 

Behandlungsstrategien zu bewerten. 

 
Material und Methoden 

Zwischen 2015 und 2019 wurden 250 Patienten mit SAI prospektiv in diese Studie 

eingeschlossen. Eine SAI wurde durch die folgenden Kriterien definiert: (i) sekundäre 

Wunddehiszenz, freiliegendes Implantat oder intraoperativ sichtbarer Eiter; (ii) 

signifikanter Erregernachweis in periimplantären Gewebeproben oder im Sonikat; (iii) 

Entzündung im periimplantären Gewebe in der histopathologischen Untersuchung. 

Die SAI wurden in akute (≤ 6 Wochen) und chronische (> 6 Wochen) Infektionen, 

bezogen auf die Indexoperation, unterteilt. Alle Patienten wurden nach einem 

standardisierten Algorithmus behandelt. 

 
Ergebnisse 

Von 250 eingeschlossenen Patienten hatten 61% eine akute und 39% eine 

chronische SAI. Die häufigste klinische Manifestation akuter SAI war das Auftreten 

von lokalen Entzündungszeichen. Chronische SAI manifestierten sich mit 

anhaltenden lokalen Schmerzen. Insbesondere bei den chronischen Infektionen 

zeigte sich die Kultur der Sonikationsflüssigkeit häufiger positiv als die 

periimplantären Gewebeproben (92% gegenüber 75%, p = 0,005). Die häufigsten 

nachgewiesenen Erreger waren koagulase-negative Staphylokokken (38%) gefolgt 
von Staphylococcus aureus (24%) und Cutibacterium spp. (19%). Die chirurgische 

Therapie bei akuten Infektionen beinhaltete ein Débridement mit Implantaterhalt. Bei 

chronischen SAI wurden gelockerte Implantate ausgetauscht, feste Implantate 

wurden belassen. 20% der Patienten benötigten mehr als eine chirurgische Revision 

zur Behandlung der Infektion. Nach anfänglicher intravenöser Antibiotikatherapie  
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wurden in 88% der Fälle orale, biofilmaktive Antibiotika verabreicht. Die mediane 

Behandlungsdauer betrug 11,7 Wochen. Achtundneunzig Prozent der Patienten 

wurden mit einer trockenen Wunde entlassen; sechs Patienten verstarben während 

des Krankenhausaufenthaltes. 

 
Schlussfolgerung 

Die häufigsten SAI dieser Kohorte waren Frühinfektionen. Dies suggeriert eine 

perioperative Genese. Akute SAI manifestierten sich hauptsächlich mit lokalen 

Entzündungszeichen, während chronische Infektionen sich mit anhaltenden oder 

zunehmenden lokalen Schmerzen präsentierten.  Die sensitivste mikrobiologische 

Diagnostik war die Sonikation des explantierten Materials, insbesondere bei den 

chronischen Infektionen. Unabhängig vom Zeitpunkt des Infektionsbeginns bestand 

der chirurgische Ansatz aus einem Débridement und Erhalt integrierter Implantate 

und dem alleinigen Austausch von gelockerten Implantaten. 
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II. Synopsis 
 
 

a. Introduction 

Indications for spinal surgery have rapidly increased over the past decades. Internal 

spinal fixations are used in a variety of indications such as the treatment of acute 

fractures, degenerative pathologies or in congenital deformities such as scoliosis [1]. 

Despite a better comprehension of risk factors and the implementation of preventive 

measures, infections after spinal instrumentation are among the most severe 

complications in the field of musculoskeletal surgery. The incidence of infections after 

spinal instrumentation varies between 0.5% to 10% [2-4]. Spinal implant-associated 

infections (SIAI) are known to cause chronic pain, increase the morbidity and 

mortality, and significantly alter the quality of life [3, 5-7]. The principal goal in the 

treatment of SIAI is the eradication of the infection. Beside this, the stability of the 

spine and pain reduction are among the most relevant goals [3, 8]. The choice of the 

optimal treatment modality, whether to retain or remove the spinal implant and the 

right choice and duration of antibiotic therapy remain controversial. Most authors 

recommend debridement and retention of the spinal implant in early-onset infections 

[9] while in late infections a complete removal of the hardware is suggested. 

Considering the significant morbidity associated with the radical surgical procedure it 

remains unclear whether only loose components should be removed, and well-fixed 

parts can be retained, or the entire implant should be exchanged [10-12]. Once 

bacteria reach the implant surface, they attach to the surface and form a biofilm. In 

the biofilm, bacteria are protected from natural immune defense mechanisms as well 

as conventional antibiotics. In addition, the diagnosis is hindered, making sonication 

an important diagnostic tool. In the antibiotic treatment, the role of biofilm -active 

antibiotics is substantial. 

 
b. Definition and classification of SIAI 

Until today, there is no international consensus on standardized definition criteria for 

SIAI. Kowalski et al. [9] classified a SIAI in three categories: (i) definite case: patient 

with signs and symptoms of SIAI and positive results of spine site cultures or >2 sets 

of blood cultures; (ii) probable case: patient with signs and symptoms of SIAI and 

suggestive histopathology, gross intraoperative purulence, presence of a sinus tract, 

or a positive Gram stain result from tissue specimens; (iii) possible case: pati ents 
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with signs and symptoms of SIAI and clinical and radiographic diagnosis without 

microbiologic or histopathologic confirmation. 

Dubée et al. [8] evaluated the diagnosis and management of early-onset SIAI and 

defined an acute infection as clinical signs of surgical site infection with at least 2 

deep microbiological samples (bone or tissue surrounding the material) growing the 

same bacterium. 
Both authors considered early-onset infection when the symptoms occurred and/or 

the diagnosis of SIAI was made within 30 days after implant placement. Late-onset 

infections were those arising 30 days after implant placement. 

 
c. Pathogenesis of SIAI 

An implant can be infected in three different ways: 

a) Intraoperatively through direct colonization of the foreign material via the wound or 

contamination from ambient air. 

b) By hematogenous or lymphogenic spread of the pathogen from another source of 

infection, i.e. from a urinary tract infection, skin infection or pneumonia. 

c) Colonization through direct contact with an adjacent infected site or per 

continuitatem due to external skin defect and surrounding soft tissues. 
 

The assignment to exogenous and haematogenic infections is not always clear. 

Infection localized elsewhere and isolated bacterial species often allow a correct 

assignment of the infection’s pathogenesis. Most infections emerge intraoperatively 

and via postoperative wound healing disorders [13, 14]. Spinal instrumentation 

represents an  avascular surface that bacteria can attach to. A small number of 

bacteria (whether they get on the implant perioperative, contiguous or 

hematogenous) can be enough to initiate the infectious process [14]. Once a biofilm 

has formed, bacteria gain a resistance against both, endogenous immune defense 

and antibiotics. Preventive measures such as perioperative antibiotic prophylaxis as 

well as technical and hygiene measures lead to a significant reduction of these 

infections.
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d. Treatment of SIAI 
 
 
Surgical treatment 

The choice of the optimal treatment modality is still controversial and varies between 

different authors. Most authors agree that debridement with implant retention is the 

recommended surgical treatment in early-onset infections [1, 3, 8, 9, 15-17]. In case 

of debridement and implant retention the wound is explored, multiple samples are 

collected, necrotic and infected tissues are excised and the surgical site is washed 

with pulsed normal saline. 

In late-onset infections, the treatment algorithm depends on whether the prior 

instrumented segments of the spine can be considered as stable at the time of the 

diagnosis of the infection. In late-onset infections stability and fusion is more likely 

and the implant can be removed [9]. If unfused, most authors suggest a complete 

exchange of the hardware [8-12]. 
 

Antimicrobial treatment 

In combination with an adequate surgical treatment, antimicrobial therapy is 

mandatory in the management of SIAI. Empiric antibiotic regime is administered 

initially intravenously to cover the most common and expected pathogens, including 

staphylococci, streptococci, enterococci and Gram-negative bacilli [1]. SIAI are 

reported to be polymicrobial infections in up to 50%, with equal incidence in early- 

onset and late-onset infections [1, 8, 9, 18]. Due to this high rate of polymicrobial 

infections, combined initial antibiotic therapy is suggested by most authors [1]. Once 

the responsible pathogen is identified, targeted antimicrobial treatment is given 

according to susceptibility pattern. After the wound is dry and drainages are 

removed, which occurs typically in 1-2 weeks after surgery, oral antibiotics with 

biofilm activity are given. In a recent study with 93 SIAI, biofilm-active therapy 

showed a significant better outcome and less postoperative pain compared to a 

treatment without biofilm- active antibiotics (hazard ratio, 0.23, 95% CI, 0.07-0.77) 

[16]. Biofilm-active antibiotics include rifampin combination against staphylococci,  

depending on  the susceptibility of the pathogen, combined with quinolones, 
cotrimoxazole, doxycycline or fusidic acid [1, 19], against Cutibacterium species [1, 

20] and in culture-negative infections. In streptococcal infections, oral amoxicillin is 

recommended as a long- 
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term suppressive therapy for 6-12 months. With a shorter treatment duration, high 

relapse rates are observed in periprosthetic joint infections [21]. In case of penicillin 

allergy, doxycycline or levofloxacin can be used. In enterococcal infections, 

amoxicillin is recommended for 3 months [21, 22]. Ciprofloxacin is the biofilm-active 

antibiotic recommended against Gram-negative bacilli [1, 23, 24]. 
 
 
 

e. Current issues in the diagnostic and treatment of SIAI 

Currently, there are only few data regarding the diagnosis and management of SIAI. 

There is a lack of validated, defined criteria to uniformly diagnose, classify and treat 

SIAI in the clinical practice. The main studies on SIAI used a period of 30 days to 

differentiate between acute- and late-onset infections without considering that 

hardware loosening is unlikely to occur at this stage. 

Regarding the microbiological diagnosis, available studies on SIAI are only based on 

spine site cultures or blood cultures. Taking into account the presence of a biofilm on 

implant surfaces, peri-implant tissue culture may fail to detect the responsible 

pathogen, especially for low-virulent pathogens. Studies on prosthetic joint infections 

demonstrated that sonication of removed prosthesis significantly improved the 

microbiological diagnosis compared to periprosthetic tissue cultures. Therefore, 

sonication should be considered as an important diagnostic tool for the management 

of SIAI. 

In late-onset SIAI, most authors recommend a complete removal or exchange of the 

instrumentation to eradicate the infection. But this recommendation does not 

consider important aspects such as poor bone stock in some patients, previously 

cemented screws or well-integrated intersomatic cages which can lead to an 

extensive revision surgery. 

The use of biofilm-active antibiotics in the treatment of SIAI is essential, as a biofilm 

is present on implant surfaces. In available studies, partly oral non-biofilm-active 

antimicrobial suppression therapy was used for a prolonged period of ≥ 6 months [9]. 
 
 
 

f. Aim of the study 

The aim of this multicenter, cohort study was to investigate the clinical, laboratory, 

microbiological, radiological, patient and treatment characteristics in patients with 
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early- and late-onset SIAI.  Uniform definition criteria and diagnostic and treatment 

algorithms were applied. 

 
g. Definition criteria and classification of SIAI 

We used standardized institutional definition criteria for SIAI modifying the previously 

published criteria by Kowalski et al. and Dubée et al. [8, 9]. SIAI was diagnosed in 

patient with spinal implants in place and presence of at least one clinical, 

microbiological or histological feature. 

Clinical signs were secondary wound dehiscence, exposed implant or sinus tract and 

intraoperative visible purulence around the implant. 

Microbiological results were relevant microbial growth in ≥2 peri -implant tissue 

samples or in sonication fluid (≥50 CFU/ml) of explanted instrumentation. 

Histopathological criteria were the presence of acute and/or chronic inflammation in 

the peri-implant tissue. 

Suggestive signs and symptoms for infection, leading to further diagnostic 

investigations were persisting or increasing local pain, neurologic impairment or 

radiological evidence of inflammation 

Early-onset infection was defined as a symptom onset ≤6 weeks after the index 

surgery. Symptom onset >6 weeks after the index surgery was defined as late-
onset infection. Index surgery was defined as the latest spinal instrumentation 

before infection. 
 
A detailed overview of the diagnostic criteria of SIAI was prepared for the publication 

and is fully cited for an extensive information in the following Table 1. 
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Table 1. Spinal implant-associated infection was defined in patients with spinal 
implants in place and presence of ≥1 of the following 3 features [7]. 

 
 

 

Feature Characteristic 
 

 

Clinical signs Presence of: 

x Secondary wound dehiscence or 

x Visible exposed implant (“implant on view”) or 

x Intraoperative visible purulence 
 

Microbiology Relevant microbial growtha in: 

x ≥2 peri-implant tissue samples or 

x Sonication fluid (≥50 CFU/ml) 
 

Histopathology Presence of acute and/or chronic inflammation in peri-implant 

tissue 
 

 

a 
For highly virulent organisms (e.g.  S. aureus, E. coli, streptococci) or patients 

currently receiving antibiotics, one positive peri-implant tissue sample or <50 CFU/ml 

in sonication fluid was relevant. If a non-microbiological criterion was fulfilled, any 

growth was considered relevant. 

 
 

h. Material and Methods 

This clinical study was conducted in the department of orthopedics and trauma 

surgery and department of neurosurgery of Charité - Universitätsmedizin Berlin. 

Institutional review board approval was obtained prior to the initiation of the study 

(EA4/101/14). The study was performed in accordance with the Declaration of 

Helsinki. The need of the patient informed consent was waived due to the 

observational character of this study. 

Patients diagnosed with any type of infection after spinal instrumentation are 

prospectively documented in the institutional electronic database since 2015. The 

medical records of all potential patients with infection after spinal surgery from 

the mentioned database were reviewed for inclusion in the study by the principal 

investigator. Between 1 January 2015 and 31 December 2019, we retrospectively 

identified and included 250 patients, aged > 7 years, meeting the above-mentioned 

diagnostic criteria for SIAI. To elaborate our observational, descriptive, cohort study 



Synopsis 
 

 11 

 

on SIAI, the following data of each included patient were extracted: age, sex, 

indication for primary spinal surgery, number of previous spinal surgeries, anatomic 

site of spinal surgery, local and systemic clinical findings, presumed pathogenesis of 

SIAI, radiological findings, preoperative laboratory parameters (including C-reactive 

protein (CRP) and leucocytes), intraoperative microbiological and histopathological 

findings, surgical treatment, and antimicrobial treatment. 
For further analysis of the in-hospital outcome, during the hospitalization for SIAI, 

additional features were recorded: need for admission to the intensive care unit, 

number of revision surgeries, length of hospital stay and cause of in-hospital death 

(where applicable). 

At discharge, patients were evaluated for systemic and local clinical signs of 

infection, laboratory parameters including CRP, leucocytes, and radiology imaging 

(where indicated). 

Each episode of SIAI was evaluated by an interdisciplinary team consisting of a 

surgeon (orthopedic spine surgeon or neurosurgeon), infectious disease specialist 

and microbiologist. During the study period, definition criteria, diagnostic procedures, 

surgical techniques, implants, or antimicrobial treatment regime remained unchanged. 
 

Detailed description of performed surgical and antimicrobial treatment: 
 
 
Surgical treatment 

In patients with early-onset infections, with stable and well positioned implants, the 

surgical treatment consisted of debridement and implant retention. Intraoperatively, 

multiple microbiological and histological samples were collected, and the infected 

tissue was excised. 

The surgical procedure in late-onset infections depended on a previously 

interdisciplinary discussed decision based on patient-specific factors including 

relevant comorbidities and local particularities such as poor bone stock, previously 

cemented screws and well-integrated intersomatic cages. In those patients, and 

with unfused vertebral segments or further necessity for spinal stabilization, well -

fixed implants remained in place and loose implant components were exchanged. In 

case of fused and/or stable spine segments, patients underwent a complete 

implant removal. An entire exchange of the spinal implant was performed in patient 

without relevant comorbidities, with good bone stock, uncemented screws or with 

loose intersomatic cages.  
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Similar to the surgical procedure of acute onset infections, the infected site was 

debrided, and several tissue samples were collected for microbiology and 

histopathology. Removed implants were sent for sonication. 
 

Antimicrobial treatment 

Empiric treatment was a combined or single beta-lactam treatment and was 

administered after the revision surgery for 1-2 weeks, followed by an oral treatment 

to complete a course of 6 weeks (if foreign material was removed) or 12 weeks (if 

foreign material remained in place or was exchanged, using biofilm-active 

antibiotics) [1]. 

After the removal of all drainages and provided dry wound conditions, oral biofilm- 

active antibiotics were administered. Biofilm-active antibiotics included rifampin- 

combination and ciprofloxacin. Rifampin combination was used against 
staphylococci, Cutibacterium species and culture-negative infections. Ciprofloxacin 

was used as a biofilm-active antibiotic in patients with infections due to Gram- 

negative bacilli. In streptococcal infections, oral amoxicillin or, in case of penicillin 

allergy, doxycycline or levofloxacin was given for at least 6 months. This 

treatment was prolonged to 12 months in case of good antibiotic tolerance and no 

related side effects. For enterococcal infections, amoxicillin was administered for 3 

months. Rifampin-resistant staphylococci, ciprofloxacin-resistant Gram-negative 

bacilli and fungi were considered as difficult-to-treat infections since for these 

pathogens no biofilm-active antibiotics are available. In this situation, oral antibiotics 

without biofilm activity, with good oral bioavailability and bone penetration were 

administered for at least 12 months, defined as suppressive antibiotic therapy. 
 
 
 
Statistical analysis 

Categorical variables were compared using Chi-Quadrat-Test or Fisher’s exact test, 

as appropriate. To test for the difference between two medians, the Mann-Whitney U 

test was used. A p-value (two-sided) <0.05 was considered significant. For statistical 

analysis the program R (version 3.1.3) and for graphics the software Prism (version 

8.2; GraphPad, La Jolla, CA, USA) was used. 
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i. Results 

Two hundred and fifty patients with SIAI met the definition criteria and were included 

in the study; 152 patients (61%) had early-onset and 98 (39%) had late-onset SIAI. 

The median age was 67 years (range, 8–90); 131 (52%) were female. The 

median length of hospital stay was 14 days (range, 6-84 days). During the hospital 

stay, 22 patients (9%) required admission to the intensive care unit. Six patients 

(2%) died during inpatient treatment, four of them (2%) due to a non-infectious 

related reason and two patients (1%) because of infection (septic shock and 

hospital-acquired pneumonia). The remaining 244 patients (98%) were discharged 

with a dry wound, 97% of them with a serum CRP <20 mg/l (normal < 5 mg/L). 

Degenerative spinal disease (145 patients, 58%) was the most common indication for 

the index spine surgery. 
In our cohort, perioperative colonization of the foreign material via the surgical wound 

or contamination from ambient air was the most common pathogenesis of SIAI. In 
98% of patients the infection occurred perioperatively.  Hematogenous spread 

from a distant infection focus or a contiguous extension from an adjacent 

infection were described in 5 patients (2%). 

A detailed overview of the baseline infection characteristics of included patients 

withs SIAI was worked out for the publication and is fully cited for an extensive 

information in the Table 2. 
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Table 2. Infection characteristics of 250 spinal implant-associated infections, 
stratified by early-onset and late-onset infection [7]. 
Characteristic All patients 

(n = 250) 
Early-onset 
infection 
(n = 152) 

Late-onset 
infection 
(n = 98) 

P-value 

Clinical findings 
Local inflammatory signs a 142 (57) 128 (84) 14 (14) <0.0001 

Neck or back pain 92 (37) 22 (14) 70 (71) <0.0001 

Focal neurological 

impairment b 

59 (24) 22 (14) 37 (38) <0.0001 

Body temperature >38 qC 37 (15) 28 (18) 9 (9) 0.044 

Exposed implant 9 (4) 1 (1) 8 (8) 0.001 

Sinus tract 5 (2) 0 5 (5) 0.004 
Radiological findings on spine CT or MRI 

Abscess c 63/188 (34) 41/97 (42) 22/91 (24) 0.008 

Implant failure d 42/188 (22) 22/97 (23) 20/91 (22) 0.908 

Implant loosening 38/188 (20) 8/97 (8) 30/91 (33) <0.0001 
Laboratory findings before surgery 
WBC count >10 u 109/L 91 (36) 58 (38) 33 (34) 0.442 

Serum CRP value >10 mg/L 191 (76) 129 (85) 62 (63) 0.004 
Histopathological findings in peri-implant tissue 
Presence of acute and/or 

chronic inflammation 

80/95 (84) 47/51 (92) 33/44 (75) 0.022 

NOTE: Data are n (%) of patients, unless otherwise indicated. Whenever a 

denominator is shown, data are not available for all patients. 

CT, computed tomography; MRI, magnetic resonance imaging; WBC, white blood cell; 

CRP, C-reactive protein.  
a Wound dehiscence or discharge, redness, or warmth at the surgical site. 
b Including paraesthesia and paresis. 
c Including epidural (n = 30), subcutaneous (n = 17), paravertebral (n = 8) and 

intraspinal (n = 8) abscesses. 
d Including implant fracture and dislocation. 
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 Four relevant differences between early- and late-onset SIAI could be observed: 
 
First, 128 (84%) of patients with early-onset SIAI showed local signs of inflammation 

such as redness and swelling at the incision site, suggesting an infection. For 

late-onset SIAI, the most important clinical sign suggesting infection was 

persisting or increasing local pain in 70 (71%) patients. 

Second, serum CRP values of >10 mg/L were significantly more frequent in early- 

onset SIAI compared to late-onset SIAI (85% vs 63%, p= 0.004). The serum white 

blood count (WBC) was an unspecific parameter. WBC count of >10 × 109 /L was 

observed in 58 (38%) patients with early-onset SIAI and in 33 (34%) patients with 

late- onset SIAI. 
 
Third, radiological findings (computed tomography or magnetic resonance imaging) 

also differed notably between early- and late-onset SIAI. Abscesses were more 

commonly observed in early-onset infections (42% vs. 24%, p=0.008). Late-onset 
SIAI showed predominantly implant loosening (8% vs. 33%, p <0.0001). 

 
Fourth, spectrum of responsible pathogens varied depending on the type of SIAI. 

Gram-negative bacilli caused mostly early-onset SIAI (19% vs. 3%, p=0.002) whereas 

Cutibacterium spp. were responsible particularly for late-onset SIAI (8% vs. 33%, 

p<0.001). The isolation of Stapylococcus spp. was similar in early- and late- onset 

SIAI. We observed a characteristic distribution of the microorganisms between 

different spine segments. Staphylococci were mainly found in the cervical spine, 

Cutibacterium spp. in thoracic and lumbosacral segments and Gram -negative bacilli 

mostly in the lumbosacral spine. A detailed overview of microbiological findings was 

worked out for the publication and is fully cited for an extensive information in the 

Table 3. 
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Table 3. Microbiological findings of spinal implant-associated infections 
stratified in early-onset and late-onset infection [7]. 

 
Pathogen All patients 

(n=250) 
Early-onset 
infection 

Late-onset 
infection 

P-value 

  (n=152) (n=98)  

Monomicrobial infection 156 (62) 89 (57) 67 (43) 0.141 
CoNSa 60 (38) 35 (39) 25 (37) 0.869 
Staphylococcus aureusb 38 (24) 23 (26) 15 (22) 0.708 
Cutibacterium spp.c 29 (19) 7 (8) 22 (33) <0.001 
Gram-negative bacillid 19 (12) 17 (19) 2 (3) 0.002 
Enterococcus spp.e 4 (3) 3 (3) 1 (1) 0.635 
Streptococcus spp.f 2 (1) 2 (2) 0 0.507 

Other pathogeng 4 (3) 2 (2) 2 (3) 1.000 
Polymicrobial infectionh 61 (24) 37 (25) 24 (25) 0.978 

Culture-negative infection 33 (13) 23 (15) 10 (10) 0.115 
NOTE. Data are n. (%) of patients. The percentages were rounded and may not 

sum 100%. CoNS, coagulase-negative staphylococci. 
a Including S. epidermidis (n=51), S. hominis (n=2), S. warneri (n=2), S. capitis (n=1), 
S. lugdunensis (n=1), S. cohnii (n=1), S. saccharolyticus (n=1), S. caprae (n=1) 
b Among 38 S. aureus isolates, 2 (5,3%) were methicillin resistant. 
c All isolates were identified as Cutibacterium acnes. 
d Including Pseudomonas aeruginosa (n=6), Enterobacter cloacae (n=6), 
Escherichia coli (n=3), Proteus mirabillis (n=3), Enterobacter aerogenes (n=1) 
  e Including Enterococcus faecalis (n=3), E. faecium (n=1) 
f Including Streptococcus agalactiae (n=1), S. pyogenes (n=1) 
g    Including   Finegoldia   magna ( n=1),  Peptoniphilus   asaccharolyticus   (n=1), 

Corynebacterium spp. (n=1), Peptostreptococcus spp. (n=1) 
h Polymicrobial infections include CoNS (n=35), Gram-negative bacilli (n=28), S. 
aureus (n=14), C. acnes (n=13), Enterococcus spp. (n=13), Streptococcus spp. 

(n=8), other anaerobes (n=8), Candida spp.  (n=7), Corynebacterium spp. (n=5), 

Peptoniphilus asaccharolyticus (n=2), Lactobacillus spp. (n=2), Actinomyces 

spp., Dermabacter spp., Fusobacterium spp. and Stenotrophomonas maltophilia 

(n=1 each). 
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Finally, of 95 patients (38%) with available histological peri -implant tissue samples, 

acute and/or chronic inflammation was described significantly more often in early- 

onset SIAI compared to late-onset SIAI (92% vs. 75%, p= 0.022). 
 

Concerning the microbiological diagnostic method of SIAI, our study showed that 

sonication of explanted spinal implants was more sensitive compared to peri-implant 

tissue samples or preoperative blood cultures, particularly in late-onset SIAI (92% vs. 

75%, p=0.005). For graphical description of the obtained results, Figures 1 A and B 

from our publication are fully cited. 
 

Figure 1. Culture positivity rate of blood culture, tissue samples and sonication for 

early-onset, late-onset and all infections (A) and stratified according to the respective 

causing pathogen (B). The numbers above the bars represent the positivity rate, the 

numbers at the bottom of the bars represent the absolute number of samples 

analyzed. 
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Regarding the performed surgery, debridement and implant retention was performed 

in 130 (85%) patients with early-onset SIAI. In late-onset SIAI, predominantly partial 

or complete implant exchange was performed (61 patients, 62%). Overall, the 

spinal implant was retained in 158 infections (63%), exchanged, partially or/and 

completely, in 83 (33%) and removed in 9 (4%). A total of 49 patients (20%) had 

more than one revision surgery. 
 

Initial intravenous antibiotics were administered in a combination therapy in 183 

patients (73%). Main used intravenous antibiotics were β-Lactams in 178 patients 

(71%), combined with vancomycin or daptomycin in 144 patients (58%). Oral biofilm- 

active substances such as rifampin or ciprofloxacin were given in 220 patients (88%). 

Rifampin was predominantly combined with levofloxacin (n=123) or cotrimoxazole 

(n=41). In 7 patients (3%), rifampin could not be administered due to interactions with 

comedication or important side effects, particularly nausea, vomiting and disturbed 

oral intake.  

The median duration of biofilm-active antibiotic treatment was 11.7 weeks (range 6-12 

weeks).
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In 19 patients (8%) a suppressive antimicrobial treatment was given, from them 

12 patients with difficult-to-treat microorganisms: rifampin-resistant staphylococci 

(n=3), ciprofloxacin-resistant Gram-negative bacilli (n=3) or fungi (n=6). The most 

common used antibiotic for suppression was cotrimoxazole, in 6 patients, followed 

by doxycycline (n=5), clindamycin (n=1) and amoxicillin/clavulanic acid (n=1). For the 
antimicrobial treatment of SIAI due to Candida spp. suppressive antifungal drugs 

were given in 6 patients, including oral fluconazole (n=5) and voriconazole (n=1). 

Amoxicillin, doxycycline or linezolid were used to treat 7 patients with enterococcal 
infections (1 with Enterococcus faecium) for a total of 3-12 months. In case of SIAI 

due to Streptococcus spp. (7 patients) oral amoxicillin for 6-12 months was given. 

 
 
 

j. Discussion 

This is the first study to investigate the diagnostic and treatment of SIAI according to 

uniform definition criteria. With this study we describe the largest cohort of SIAI, 

focusing on relevant clinical, microbiological and therapeutic differences between 

early-onset and late-onset infections. 

Some authors consider 3 months within surgery to be the cut-off of early-onset 

infection [25]. Other authors used a period of 30 days after surgery to define early- 

onset infection, reporting similar clinical, laboratory and microbiological findings [8, 9, 

16, 26]. Since hardware loosening is unlikely to occur in the first 30 postoperative 

days we considered early-onset infection as the manifestation within 6 weeks after 

surgical intervention. 

Similarly to Murdoch et al. [27] who described a lower risk of hematogenous infection 

of internal fracture stabilization compared to arthroplasties, we showed that 98% of 

SIAI were acquired perioperatively. In contrast, about 30% of periprosthetic joint 

infections originate haematogenously from a distant focus of infection. The 

arthroplasty is exposed to continuous synovial fluid production and consequently to 

microbial filtration from the blood.  

Clinical signs suggesting early-onset SIAI were local inflammation signs (84%). Late- 

onset SIAI often only presented with persisting or increasing local pain (71%). A 

relevant number of late-onset SIAI may remain unnoticed in this way. 
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Biofilms are localized on implant surfaces and peri-implant tissue cultures may miss 

the pathogen detection [28]. Several authors demonstrated that sonication is the 

most sensitive microbiological diagnostic method in peri-implant infections [29-37]. In 

our study, sonication of removed pedicle screws commonly detected Cutibacterium 
spp. and coagulase-negative staphylococci, especially in late-onset SIAI. Similarly, 

Prinz et al. showed microbial growth by sonication in 22 of 82 patients (41%) with 

screw loosening, compared to no growth of 28 patients without screw loosening (p 

<0.01) [38]. This underlines the importance of sonication to diagnose low-grade 

infections. 
The most common pathogens in early-onset SIAI were S. aureus and Gram-negative 

bacilli. Among lumbosacral segments the predominant pathogens were Gram- 

negative bacilli probably reflecting the anatomical vicinity to the urogenital and 

intestinal system. This observation underlines the importance of preoperative skin 

decolonization, optimized antimicrobial prophylaxis and the postoperative wound 

care. 

Collins [39] and Wang [40] emphasized the importance of histopathological peri- 

implant tissue analysis in the diagnosis of SIAI. In this study, histopathological 

investigation of peri-implant tissue was performed in approximately one third of 

patients, showing inflammation in 84% of patients. Regarding the surgical 

management of SIAI, most authors agree to perform debridement and implant 

retention in early- onset SIAI [3, 8, 9, 17]. In late-onset SIAI, the recommendations 

are heterogenous. The most relevant studies recommend to completely exchange 

or remove the spinal implants, whenever possible [10-12]. 

This is the first study showing that only loose implants should be exchanged, 

whereas fixed implants can remain in situ reducing the patient’s morbidity and 

mortality. 
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k. Limitations and future study questions 

This study has several limitations. We only evaluated the in-hospital outcome and 

cannot provide a long-term follow-up so far (i.e. >5 years after surgery). 

Histopathological investigations of peri-implant tissue were only performed in one 

third of patients. This hinders a direct comparison with other diagnostic methods.  We 

did not investigate the role of local antibiotics such as vancomycin powder or coated 

implants in the treatment of SIAI. Finally, we cannot exclude whether the treatment 

outcome in case of implant retention has been positively influenced by using 12-week 

biofilm-active antibiotics or where indicated, the long-term antibiotic suppression. 

 

i. Conclusions 

Several relevant findings can be deduced. Persisting or increasing local pain is the 

predominant clinical sign suggesting late-onset SIAI. 98% of SIAI occur 

perioperatively and most of them (61%) present within the first 6 postoperative 

weeks. Implant loosening as diagnosed in radiological imaging is a suggestive sign of 

late-onset SIAI. The most sensitive microbiological diagnostic method is sonication of 

removed spinal implants.  Independently of the time of onset of the infection, in 

selected patients with well-fixed spinal implants, debridement and implant retention 

or only partial implant exchange can be performed. 
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Current Infectious 
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