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Can we DAIR in FRI ? Debridement techniques in osteomyelitis
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The concept of Debridement, Antibiotics and Implant Retention (DAIR) is well known in periprosthetic joint infections.
Extrapolating this concept to fracture related infections is mired in controversies. Characteristics of the metal implant,
duration of infection, state of fracture healing, microbiological profile etc. appear to play a role in the decision making
process whether or not to keep, adjust, exchange or remove (infected) metalwork. More than likely it is the quality of
source control by meticulous debridement having a major impact whether a DAIR approach to FRI could result in a

successful outcome.

INTRODUCTION

In light of the keynote lectures given at the Annual
Meeting of the SOBCOT/BVOT , a session had been
dedicated to fracture-related infections on Friday the
28th of April, 2023. Appropriate diagnosis making and
the choice of treatment strategies remain challenging
in fracture-related infections (FRI). This paper aims to
review present research and insights to date. Already
presented at the BVOT Convention in Oostend
in 2019 , an important seminal twin publication
provides a very good framework to start off with'2,
Even in light of the observation that closed fractures
end up with an infection in a mere 1-2% , the latter
results in prolonged hospital stay, additional surgical
procedures and costly investigations**. For open
fractures the outcome is definitely dire in terms of
morbidity and return to work’. Additionally, fracture
treatment increasingly relies on metal fixation even
in an elderly frail population, hence FRI rates are on
the upward trend®’. Antimicrobial resistance is on the
rise and rightly declared by the WHO as a worldwide
existential risk®.

DISCUSSION

Outlining the risk of secondary infection in fracture
fixation

The Gustilo-Anderson classification for open
fractures still stands robustly®. Fractures in the

proximal and distal tibia are reputed for a reason. The
soft tissue envelope in a multi-trauma, combat, blast,
terror setting or in a previously irradiated zone is
suboptimal and the risk for infected non-unions after
fixation of open fractures easily doubles. Further,
diabetes , elderly age , IV drug abuse and even
social class are patient-related risk factors at acute
trauma presentation'’. Some risk factors however
can be mitigated such as timely administration of
antibiotics within 6 hours in open fractures combined
with a thorough debridement'. Also smoking
cessation definitely aids in reducing fracture-related
infections'?. The findings of the seminal papers on
biofilm behavior by Bill Costerton et al.”* as well
as by Anthony Gristina'* could readily be applied
on metalwork in fracture fixation'. Host defences
faced with a foreign body and germ inoculation
trigger a cytokine cascade resulting in additional
tissue damage. Leucocytes produce TNF-alpha, IL-1
and IL-6 which in turn stimulate osteoclasts via a
RANK mechanism leading ultimately to mechanical
failure'. Surface topology, chemical composition,
charge physics and hydrophobicity play a role but
there are no superior infection-free fixation materials
yet's. The presence of internal dead space by e.g. the
use of cannulated nails and screws and disruption
of the overlying viable soft tissues do not forbode
well. Fracture instability though is a ticket for FRI
development due to disruption of revascularity
efforts and dead space'” (Fig. 1 with permission).
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Classification of FRI

Several attempts to classify fracture-related infection
have been developed related to time period after index
procedure, the route of infection, clinical severity and
status of healing amongst others'®. Authors postulated
that time of presentation of the FRI correlated with
a distinct microbiome i.e. early/acute within 2 weeks
more prevalence of Staph Aureus, Gram Negative
microbes and Strept Pyogenes , delayed presentation
(3-10 weeks) with Coagulase negative Staphylococci
and late onsets (after 10 weeks) with Staph Aureus,
Staph Epidermidis and Pseudomonas Aeroginosa'’
but lately this division has been questioned®. In the
beginning of our third millennium Cierny et al and
McPherson et al published a classification based
on systemic conditions and local factors for FRI
respectively PJI dividing FRI patients cohort in
Host Types A (good), B and C (bad)?'*2. In 2019 the
Oxford Group proposed the BACH classification for
osteomyelitis of long bones with four key variables (B
one involvement, A ntimicrobial option, C overage by
soft tissue, H ost status) with a traffic light banding®.
However it is the multicenter research project by

Dead space
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Metsemakers et al. in 2018 that finally put the
definition of FRI on center stage?.

Treatment strategies for Fracture-related Infection

Underpinning a successful outcome are four pillars
namely eradication of infection, guidance of fracture
healing , preservation of limb function and prevention
of infection relapse®. For this purpose, achieving
mechanical stability is the key along optimalization
of the nutritional status and remediation of co-
morbidities. Knowledge about the metal implant type,
the presence of bone defects and joint involvement
should aid in evaluating the response to treatment®.
Despite a very helpful paper by Depypere et al about
strategies to retain (DAIR), remove or exchange
metal implant(s), there is still a paucity of high quality
studies because of all the variables in play such as
implant type, construct stability, challenges to assess
fracture consolidation, anatomical location, soft tissue
quality, debridement options , time period between
fracture fixation and FRI remedial surgery®’. Prada et
al. interestingly stated as well that the risk for an FRI
did rather depend on the time delay between injury
and arrival in a trauma center”’.
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Fig. 1 — High definition slide or pdf - from Fang et al.!
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In acute FRI (25%) it is critical to differentiate
between superficial versus deep surgical site infection,
to pick up deep collections by means of US or CT?. In
superficial instances, treatment strategy could consist
of empirical IV antibiotic administration whilst with
persistent wound discharge or breakdown or in the
presence of collections, the implant might be retained
on condition of a thorough debridement combined
with antimicrobials (DAIR). In the time period of 3
to 10 weeks after fracture fixation, a DAIR procedure
shouldresultin fracture consolidation in approximately
70% of cases and in infection eradication in 50%
with a strategy to eventually remove the metalwork
at fracture healing state. Failure after DAIR relates
to smoking , diabetes mellitus, other significant
co-morbidities, in open fracture settings and in
Pseudomonas Aeruginosa infections. In failure, the
best strategy is to remove metalwork and replace with
an external fixator system?®’. In late FRI (more than 10
weeks after the index fracture fixation) with delayed
union, fracture stability cannot be achieved by bracing
or other conservative means. Surgical strategy relies
on removal of (loosened) metalwork and sequestrum
and application of an external fixator. If the latter
is not possible, the use of stable bridging implants
is recommended. In up to 40% , the FRI can be
eradicated whilst fracture union subsequently occurs
in 66 to 100% of cases®. If and when the diagnosis
of an FRI is made in a presumably consolidated
fracture setting, union is best assessed by means of a
CT scan with Metal Artefact Reduction Sequencing
software. Removal of the implant and deep biofilm
sampling for culturing is the preferred strategy?!. A
prospective clinical trial study on 229 FRI patients in
Basel found that with early FRI’s, a DAIR procedure
was chosen in 86% of cases (failure rate 14%). In the
delayed (3-10 weeks) cohort, fifty-eight percent of
cases underwent DAIR surgery (failure 12%). Only in
10% of late cases was a DAIR procedure carried out
at a price of 33% of failure related to low virulent and
anaerobic germs. The authors advised to limit a DAIR
option to a time period of maximum 10 weeks after
FRI presentation. Unknowns such as bone viability,
construct stability and correct assessment of soft
tissue quality remain hence the importance to involve
the multidisciplinary team with vascular and plastic
surgeons, members of infectiology and microbiology
and nutritional teams*. Defining FRI is one challenge,
defining success of FRI treatment with DAIR is
another. A Dutch group of trauma surgeons made an
attempt by stating that fracture consolidation should
be present once the ossified callus bridged at least

three cortices on radiographs combined with a stable
and painless bone construct at attempted angulation
on clinical examination. These criteria combined with
the observation of resolving signs and symptoms
of infection should establish primary success of the
DAIR strategy*’.

Techniques of Debridement

There is a very good reason why the Dominique-Jean
Larrey Award is the NATO’s highest medical honour
bestowed annually by the Chiefs of Military Medical
Services. Dr Larrey was an exemplary surgeon of
the Napoleontic era who developed the concept of
debriding or rather decompression or disentangling
tight fascial compartments®. It is only from the First
World War that the term -mistakenly seen as based on
the French word débris- developed into the surgical
procedure of removal of nonviable and foreign
material from the wound™.

The abbreviation IDDI in particular refers to the
combination of I ncision, D rainage , D ebridement
and I rrigation instead of routinely using the term
‘wash-out’*. Biofilm stuck on surfaces cannot just
be washed away just the same as algae and plants
on rocks in a fast flowing river’’. At the DAIR
debridement stage, a thorough survey and assessment
of the metalwork is required by testing, pushing and
pulling loose metal components and by evaluation
of biofilm build up under plates, in screw heads ,
inside nails. Screw trajectory management deserves
special attention i.e. after sequential loosened screw
removal, the screw tunnel is to be curetted, cleaned
and over drilled and then again filled with new
larger or cancellous screws. Alternatively, hitherto
empty plate holes could be utilized. Anyway, implant
construct and fracture stability is paramount and -if
in any doubt- removal of internal metalwork should
be followed by application of an available external
fixation system?’. Reducing the biofilm burden (‘the
source control’) is achieved by Me-blue identification
and removal of devitalized tissue, debris, scar, pus
pockets and cavities and literally surgically brushing
the metalwork with respect to healthy skin and soft
tissue at wound margins®®. The ‘paprika’ sign should
aid to delineate healthy vital bone from dead structures
in a limb without tourniquet use but picking up this
sign is not always reliable to distinguish. A intra-
operative fluorescence imaging technique derived
from maxillofacial cancer surgery might assist®.
Even a proper debridement might fail to reach out
to ‘the micro-cavities and cracks in bone’ in which
germs hide and even duplicate , waiting for the right
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time and friendly circumstances to emerge again (Fig.
2 with permission).

Irrigation

Although the last letter of IDDI refers to irrigation, a
second survey later might still follow and the cycle
repeated. It is important to utilize warm normal saline
solutions at low pressure to avoid bacterial seeding into
the tissues®. Out of the FLOW (Fluid Lavage Open
Wounds) trial the message came loud and clear not

to use soap or antibiotic solutions in (open) fractures
i.e. the solution to pollution is dilution in combination
with thorough debridement techniques*' but the
copious and repeated use of vacuum-assisted closure
techniques in this trial has been rightly questioned by
Parham and McNally*. Mounting evidence indeed
demonstrates that prolonged use of VAC’s or NPWT
potentially induces the FRI to become ‘longer and
stronger 2043,

Fig. 2 — TEM evidence of submicron-elongated S. aureus in the osteocytic lacunar-canaliculi network of infected live bone
tissue. Long bones from mice (n=>3) infected with a UAMS- I—contaminated tibial pin (A-F, H, 1), or a USA300-infected
femoral osteotomy (G), were harvested on day 14 postinfection for TEM. (A) Low magnification TEM image (*4000) of

UAMS-1 invasion of live bone tissue (note osteocyte OC) in a canaliculus (green arrow) communicating with the marrow ca-

vity (MC). Also note the proximal neutrophils (vellow arrow) within the marrow. (B) Low magnification TEM image (*4000)

of UAMS-1 invasion of an osteocytic lacunar-canaliculus adjacent to a channel infected with S. aureus (arrows) containing
necrotic cells (*). Higher magnification TEM images (C: x8000; D: x10,000) of UAMS-1 colonization of osteocytic lacunae.
(E) Low magnification TEM image of three parallel canaliculi in various states of colonization (1: severely infected; 2: mode-

rately infected; and 3: uninfected) by the invading UAMS-1 within the live cortical bone (*3500). (F) Higher magnification

TEM image measuring submicron-elongated UAMS-1 (*15,000). (G) Similar bacterial invasion of canaliculi adjacent to the

osteotomy (red arrow), and neutrophils in the marrow cavity (*) were observed in USA300-infected femurs (x4000), but not

in long bones that received sterile implants (data not shown). (H) Low magnification TEM image (*4000) documenting cor-
tical bone damage adjacent to the infected tibia pin (red arrows), and a cavity filled with UAMS-1 (yellow bracket) that leads
to a canaliculus (black arrow). (1) High magnification TEM of the infected cavity in H demonstrating mitotic S. aureus in
the live cortical bone (%25,000). Note that only the bacterium entering the canaliculus has an asymmetric septal plane (red
arrows), which is aligned perpendicularly with the canaliculus orifice, perhaps to anchor and propel the emerging daughter
cell into the submicron channel in the cortical bone during binary fission.
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When to convert a DAIR set up to an External Fixator
System

Failure of infection control even with repeated IDDI
cycles in combination with adverse local and systemic
factors may necessitate a conversion apart from inability
to achieve fracture stability with internal metalwork.
Once microbial source control is obtained, one could
convert fixation back again to an internal construct if
desired**.

The use of local antimicrobial therapy with DAIR
strategies for FRI

Although en vogue and common practice , there is not
yet strong evidence available. Local application like
in PJI does not seem to produce clinically important
systemic toxicity. The use of ‘bone cement’ or PMMA
(Polymethylacrylate) whether in situ, around rods
or instead of bone defects like in the Masquelet
technique requires some particular attention if mixed
with antibiotics. The PMMA cures hot in a exothermic
reaction hence best water soluble antibiotics and
preferably without vacuum mixing e.g. 40 g PMMA
could be mixed with 4 g of Vancomycin and/or 2 g of
Gentamycin. In light of the elusion of these antibiotics
out of the outer mantle, there is a limited time span on
MIC efficacy hence the requirement to combine with
high dose systemic antibiotics?’*. Casiraghi et al.
found that in FRI of the pelvis and acetabulum , bio-
absorbable anti-biotic-loaded calcium sulfate beads
could be utilized successfully if combined with serial
IDDI cycles.

Outcome of DAIR strategies

A systematic review by Morgenstern et al. involved
six studies and 276 patients stating that a DAIR
procedure carried out within the first 3 weeks could
achieve success in 86 to 100%, within three to ten
weeks 82 to 89% and after 10 weeks 67%. However,
the authors felt that in these reviewed studies there
were issues such as problematic differentiation
between early and late onset of the FRI, problems
with sample sizes and FRI definitions as well as
rather low quality methodology*.

A  multi-center study in the Netherlands
involving 141 patients showed that there was a 18%
recurrence of the FRI within two years in early onset
presentation. Further, in 52% of patients more than
two surgical remedial procedures were needed®. A
much larger patient cohort in trauma centers in the
UK and the Netherlands was analyzed by McNally
et al. involving 433 patients with FRI. Fracture
union was achieved in 86%, infection eradication

in 87% of cases and amputation was only needed in
3.3% with an combined strategic approach. Using
a VAC resulted in a recurrence of infection. Local
antibiotics brought relapse numbers down from
19% to 10%. Interestingly, the success of a DAIR
procedure did not depend on the time period since
fracture fixation or FRI presentation but rather on
appropriate soft tissue cover and the use of local
antibiotics. A properly carried out multimodal DAIR
strategy resulted successfully in 79% of cases.
However, whenever loosened or broken metalwork
or broken skin integrity was present, the DAIR
outcome would be a failure®.

Summary of evidence for DAIR strategies

Legend : quality of evidence (good, fair, poor)
strength of recommendation (strong for, weak for,
weak against, strong against)

e Tailor your strategy according to patient’s
case and supervised by multidisciplinary team.
Unclear about required duration of antibiotic
cure (poor, weak for)

* DAIR can be effective , especially if the FRI
duration is short (poor, weak for)

* Local antibiotics in whatever format can be
effective (poor, weak for)

* Oral antibiotics can be as effective as intravenous
ones (good, strong for)?*’.

Conclusions and take home messages

*soft-touch surgeons create smelly sores

*proper IDDI (incision, drainage, debridement
and irrigation) makes tidy

*consider serial TIDDI for pelvic/acetabular FRI

*be kind to viable tissues

*the solution to microbial pollution is low-
pressure dilution

*fix the FRI by stable fracture fixation

*better FLAP than VAC

*be aware of the characteristics of the bacterial
bioburden

*antibiotics do not replace sloppy surgery.

This paper has been presented in the Key Note Session on
FRI on the 28TH of April, 2023 at the Annual SOBCOT/
BVOT meeting in Brussels.
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