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Introduction

The number of spine surgeries has been increasing over 
the last decades and spinal surgery with instrumentation has 
grown to an essential column in the treatment for various 
pathologies of the spine (1,2). Due to an ageing society, the 
rising use of spinal implants in the young as well as in the 
elderly, a further increase in the incidence of instrumented 
spinal surgery can be expected throughout the next years (1).

As demonstrated in single studies and confirmed by 

meta-analysis, the additional use of intraoperative imaging 
and navigation has helped to further improve pedicle screw 
accuracy as well as reducing invasiveness and thus soft tissue 
injury (3) in all regions of the spine, thereby potentially 
reducing revision rates and additional exposure to radiation 
and anesthesia (4-7). Although the implementation and 
development of these new techniques offer faster and 
more minimal invasive procedures the incidence of 
postoperative spinal implant infections (PSII) is reported 
from 1% up to 20% of all instrumented spinal procedures 
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(8,9). Furthermore early PSII as well as chronic low 
virulent implant associated infections have been suggested 
to be associated with long-term hardware failure (10-14).  
Hardware failure often causes loss of spinal stability, 
resulting in pseudarthrosis, consecutive pain as well as 
recurrent spinal stenosis and back pain. Extensive revision 
surgery to replace the loosened screws or cages, along with 
extension of the construct and augmentation techniques, 
often have to be performed in the case of symptomatic 
loosened hardware (14,15). Finally every single case causes 
additional patient morbidity affecting long-term outcome, 
prolonging hospitalization and of course thus raising health 
care costs along with loss of working days (16). Therefore 
the management of surgical site infection following spinal 
instrumentation has become an important topic in the field 
of spine surgery (11,17,18). So far, the level of evidence 
from clinical studies in the field of PSII is very limited. 
However critical variables for revision strategies of PSII 
have been identified.

Since implantable devices are highly susceptible to 
bacterial colonization even low virulent bacteria can cause 
infection and recurrent infections due to biofilms, making 
them difficult to detect and eradicate (19,20). In former 
times hardware removal was common practise in the case 
of deep surgical site infection across different surgical fields 
using implants. In instrumented spine surgery especially 
implant removal is discussed ambiguously due to potential 
loss of correction even in fused patients (21,22). Over the 
last years, standardized procedures for diagnostic, surgical 
as well as antimicrobial treatment have been developed 
and implemented at our institution, based on the latest 
recommendations in peer-reviewed literature and our own 
data. Here we give an overview about surgical revision 
strategies for PSIIs and present the key points of our 
protocol as well as important general surgical aspects.

Current evidence

Despite of its increasing enormous clinical and socioeconomic 
importance (please see above), the level of evidence regarding 
the best treatment strategy of PSII is quite limited. So far no 
data from randomized controlled trials or prospective cohort 
studies are available in this field (8,9,11,18,23). However, the 
interest and importance of the topic is evolving, and lately a 
number of review and overview articles analysing the clinical 
data available have been published (8,11,15,18,24). However, 
it should be noted, that since the biofilm concept, advanced 
microbiological techniques (e.g., Sonication, PCR), the 

distinction between late and early infection along with an 
improved understanding of the pathogenesis of infected 
hardware as well as new hardware and surgical techniques 
have evolved significantly within the last years, data from 
retrospective single center cohorts analysing data, collected 
in part over more than 10 years (and reaching back to the 
90’s) are hardly comparable. Therefore beyond this data, 
it is certainly important to extrapolate and learn using data 
regarding the management from other fields of prosthetic 
joint infections (PJI of the hip and knee) to quickly advance 
in the field of spine surgery (11,20,25-27). This should 
incorporate clinical as well as experimental work especially 
in the context of biofilm and microbiological concepts, too 
(19,20,28-30).

Classification of PSII

It is essential classify PSII. PSII should be classified as early, 
delayed or late infections. This classification is important 
for determining the most adequate treatment regime (see 
Figure 1). Furthermore, specific characteristics regarding 
the most probable pathogen and course may be derived 
from the respective subgroup (25,31). The classification 
of PSII and the respective treatment regime has been 
extrapolated and modified from other implant-associated 
infections (20,25,32).

Early infections are defined as infections occurring 
within 6 weeks after spinal surgery with instrumentation. 
Patients present most notably with acute local symptoms of 
infection: swelling, erythema, warmth, persisting surgical 
site drainage and/or fistula as well as possibly systemic 
sings of infection like fever, increase in CRP, leukocyte cell 
count or erythrocyte sedimentation rate (ESR). However, 
especially laboratory results may be misleading as they 
have a low sensitivity especially with respect to low virulent 
pathogens, delayed PSII or in patients already receiving 
antibiotics (10,26,33,34). Delayed and late PSII occur more 
than 6 weeks after spine surgery (delayed within 1 year, 
late, defined as more than 1 year after surgery). Patients 
present with chronic wound drainage or fistula. Persisting 
or recurrent pain due to hardware loosing might be present 
as well. In delayed and late infections laboratory findings 
are often without pathological laboratory findings (33).

Biofilm

Implantable devices are highly susceptible to bacterial 
colonization and even low numbers of bacteria can cause 
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infection. Microorganisms adhere to the implant’s surface 
and form biofilms (19,35). In general all bacteria are able 
to form a biofilm. In contrast to planktonic organisms, 
sessile bacteria within a mature biofilm are protected from 
phagocytosis, as well as other host immune responses (36). 
Further, as biofilm associated bacteria show an altered 
phenotype regarding growth rate and gene transcription 
they cannot be sufficiently targeted by antibiotics (28,36,37). 
Thus, the biofilm protects the microorganisms from 
the host immune system and renders them tolerant to 
antimicrobial treatments. Moreover, the biofilm hampers 
detection of the causative pathogen. Using the method 
of sonication, microorganisms can be released from the 
implants’ surface and quantitatively and qualitatively be 
detected from the detached biofilm in the sonication fluid. 
Thus to optimize detection in biofilm-associated infections, 
sonication of removed devices and prolonged incubation 

of cultures has been recommended (25). Sensitivity 
and specificity of sonication fluid is significantly higher 
compared to standard tissue cultures. Recent data showed 
that sonication of neurosurgical devices as well as pedicle 
screws is associated with a significantly higher rate of 
bacterial growth than in conventional cultures (14,38-40).

While in early implant-associated infections only an 
immature biofilm is found, in the case of delayed and late 
implant associated infections a mature biofilm is present. 
Staphylococcus aureus or gram negative bacteria are 
predominantly found in early infection, while the most 
common isolated pathogens in delayed infection are 
coagulase-negative staphylococci and cutibacterium acnes 
(formerly called propionibacterium acnes) (14,23,40,41). 
Moreover, it should be noted that beyond single species 
biofilms, as well multispecies biofilms in implant associated 
infection may be present (39,42). The key points including 

Figure 1 Classification and procedure for PSII. PSII, postoperative spinal implant infections; DAIR, debridement and implant retention.

Early infection Delayed and late infection

time ≤6 weeks delayed: >6 weeks after
implantation
late: >12 months after implantation

Clinical presentation acute
local signs of infection, wound

drainage, fistula, pain, fever

chronic
Chronic impaired wound healing, fistula, hardware

loosening

Suspected pathogen high virulent
staph. aureus, streptococcus, gram.

neg. bacteria (E. coli, Klebsiella,

pseudomonas aerog)

low virulent
coagulase neg. staphylococci. (e.g. staph

epidermidis) anaerobic bacteria e.g. proprioni bac.

acnes

Biofilm mature immature

Surgical Treatment DAIR possible

Anti-biofilm treatment

Removal or exchange of the implant necessary

(one-stage exchange)

Sonication of removed hardware

Anti-biofilm treatment

Antimicrobial
treatment

  usually 2 weeks intravenous

treatment
  following 4-10 weeks oral

treatment

  usually 2 weeks intravenous treatment

  following 4-10 weeks oral treatment

  

modified from Conen et al. 2017 
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classification of PSII, suspected pathogen and the 
recommended procedure are summarized in Figure 1.

Hardware retention vs. hardware exchange

The effects of irrigation, debridement and implant retention 
(DAIR) in PSII versus hardware exchange/removal have 
been studied in a number of retrospective studies. Review 
of this studies along with the biofilm concept supports 
aseptic irrigation and DAIR followed by i.v. antibiotics and 
prolonged parenteral antibiotics as the treatment of choice 
for early PSII (9,11). As in early PSII an immature biofilm 
is present, the pathogen can be eradicated sufficiently due 
to its planktonic nature. Regarding the specific antibiotic 
regime please see the respective chapter on antibiotics.

In the case of delayed or late chronic infections a 
mature biofilm is present and thus hardware exchange is 
recommended, since the biofilm is cannot be completely 
eradicated from the implant’s surface. With hardware 
exchange or removal success rates up to 100% have been 
shown, while with DAIR in delayed infections recurrence 
rates between 20% and 50% occur (21,43-46). One study 
even reported a recurrence of infection in all patients with 
implant retention in treatment of delayed PSII. In this 
study cure was finally achieved after implant removal (21). 
As mentioned above, most of the studies are retrospective 
cohort studies, limiting the level of evidence. Lately the 
authors of a 20-year single center experience underlined 
the importance of implant removal/exchange in delayed 
infection versus DAIR in early infection (18).

Regarding exchange or removal of the interbody cage 
in PSII the available data is limited as well. Of course the 
incidence of PSII in constructs including an intervertebral 
cage depends on a number of different factors: stand alone 
cage or fusion, long/short construct, posterior, anterior or 
lateral approach. All of these factors impact the duration 
of surgery, extent of soft tissue damage, blood loss, 
transfusion and anaesthesia time. These factors have been 
identified as important procedural risk factors for PSII (8,9). 
Overall, the PSII incidence of an anterior or posterolateral 
instrumentation without a cage is lower compared to 
constructs including cages and posterolateral fusion 
(47,48). In contrast to pedicle screws and rods, removing 
or exchanging the interbody cage in PSII is thought to be 
associated with a potentially higher procedural risk due to 
scar tissue and the proximity to neural structures (11). So 
far, as available data suggests and as recently stated by an 
international consensus meeting on implants in infection 

after spine surgery, in PSII the cage can maintain if no 
signs of loosening along with bone loss and no signs of 
osteomyelitis or epidural abscess are present (11,49).

Of course, as different surfaces vary regarding their 
susceptibility to biofilm forming bacteria different cage 
materials have to be considered. However, although data 
from experimental work, showing lower susceptibility of 
titanium cages, the laboratory setting cannot be generalized 
for the clinical setting, as surface characteristics might also 
be affected by postoperative hematoma or seroma, as well as 
mechanical and thermal manipulation during the surgery. A 
number of studies have reported lower infection rates using 
titanium cages compared to stainless steel cages (50). Cages 
made of Polyethyletherketone (PEEK) have been reported 
to be associated with a higher infection rate compared to 
titanium (51). On the other hand, no difference of PEEK vs. 
Titanium cages was reported analysing data regarding surgical 
treatment of primary spinal infection (i.e., spondylodiscitis) 
(52,53). Taken together, the evidence level of titanium vs. 
PEEK is limited. In summary, as recommended by Divi  
et al. (11) in delayed PSII, the cage can maintain if no signs of 
loosening, bone loss and no signs of osteomyelitis or epidural 
abscess are present. Thus patients with deep PSII treated by 
DAIR and exchange of pedicle screws/rods and antibiotics 
should be followed up closely. If infection persists, cage 
exchange/removal should be considered if necessary using a 
lateral or anterior approach.

In some cases with chronic, deep spinal wound infection 
repeated surgical interventions might be necessary. The 
application of vacuum assisted closure (VAC) has been 
demonstrated to be an useful tool as the negative pressure 
promotes angiogenesis, the development of granulation 
tissue and reduces the number of bacteria. As recently 
reported VAC can efficiently and safely be applied in PSII 
even when the dura is exposed (54). Finally, in severe 
cases with significant wound defects and reduced soft 
tissue to cover the instrumentation and close the wound, a 
joint management applying VAC as well as complex flaps 
together with the plastic surgeons might be essential for 
successful treatment of PSII (55,56).

General aspects in diagnosis and treatment of PSII

As spine surgeons perform the initial surgery, of course 
they are as well consulted first if PSII is suspected. 
Most often, diagnostic measures as well as the surgical 
interventions are performed before microbiologists or 
infectologists are involved in the case. Thus, a number of 
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important points should be considered in the management 
of these patients including intraoperative aspects. These 
key points are listed below.
	 Clas s i f i ca t ion  o f  ear ly  v s .  de layed  PSII  i s 

indispensable for adequate management;
	 Laboratory markers are insufficient to rule out PSII;
	 In all patients with local signs of infection PSII has 

to be ruled out as soon as possible;
	 Early infection (≤6 weeks) can be managed with 

DAIR followed by i.v. and oral antibiotics;
	 In delayed/late  PSII  change of  implants  i s 

recommended;
	 If not loosened or displaced, the cage can maintain;
	 All devitalized, loose or purulent material, including 

non incorporated bone graft should be removed 
until vital (bleeding) margins are obvious;

	 More than 3 intraoperative tissue probes using sharp 
dissection should be obtained for microbiology;

	 Tissue samples should be obtained, where signs of 
infection are most prominent;

	 Microbiological samples should be obtained from 
the screw canal as well;

	 Sonication of removed hardware is recommended;
	 Antibiotics should never be started before probes 

for microbiology are obtained;
	 Always put a drain;
	 Wound closure should be performed with donati 

single stich suture.

A standardized interdisciplinary protocol

At our institution all patients suffering PSII are treated by 
an interdisciplinary team including surgeons, infectologists 
and microbiologists. Standardized procedures for diagnostic 
and surgical as well as antimicrobial treatment have been 
developed based on the latest recommendations in peer-
reviewed literature and our own data (10,11,14,25,26,31). 
Protocols can be found in the PRO-IMPLANT Foundation 
Guidelines (https://www.pro-implant-foundation.org/). 
Beyond conventional microbiological methods, sonication 
of removed hardware in PSII has been implemented as a 
routine microbiological procedure at our institution. The 
key points of our protocol are listed in Figure 1.

Summary

PSII associated complications and revision procedures pose 
a tremendous socioeconomic burden. Based on the available 

data and the latest recommendations we have implemented 
an interdisciplinary protocol at our institution. The 
following points build the main columns of the protocol:

(I) Early diagnosis and classification of PSII; (II) in the 
case of early PSII—early debridement and instrument 
retention followed by i.v. and parenteral antibiotics; (III) in 
the case of delayed/late PSII—debridement and exchange of 
instrumentation followed by i.v. and parenteral antibiotics; 
(IV) sonication of removed hardware; (V) close follow up of 
PSII patients.

The effectiveness of the interdisciplinary standardised 
protocol presented in this article has been studied 
in a retrospective manner with respect to prosthetic 
joint infections (PJI) of the hip and knee, as well as in a 
prospective manner for infections after cranial neurosurgery. 
Sonication of removed hardware in PSII has been 
implemented as a routine microbiological procedure in PSII 
at our institution. The value of sonication in instrumented 
spinal surgery has been demonstrated (10,14,20), especially 
with respect to chronic, low virulent infections. Regarding 
PJI protocol the rate of recurrent infection was significantly 
reduced form 10.4% to 3.1%. Applying the cranial protocol 
an overall infection free survival rate of 87% (27,32) was 
found. We strongly believe that standardized strategies 
and protocols for treatment of PSII will lead to a better 
outcome and reduce its socioeconomic burden. Prospective 
randomized controlled studies are urgently needed to 
evaluate the optimal treatment strategy for PSII.
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