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DIAGNOSIS

¢ What are the clinical signs and symptoms that should raise suspicion of infection after ACL-R?
The signs and symptoms suggestive of infection are often subtle and may be difficult to distinguish
from the normal healing process after ACL-R. Increasing or persistent knee pain, tenderness upon
slight percussion of the joint, recurrent or persistent knee effusion and systemic symptoms such as
fever (>38.3° C), chills and malaise should call for further investigation'. However, they are not
specific and may also occur in noninfected patients with a large hematoma. Delayed range of motion
(ROM) recovery, increased difficulties with physical therapy, increased warmth or swelling, drainage
from the incision site/portals (most commonly affected is the tibial tunnel) or any untoward event are
suggestive but not specific for infection®*°.

The challenge of late and delayed infection is the indolent presentation of microbial biofilms involving
pathogens of low virulence and hence low-grade inflammation®. In chronic infection, arthrofibrosis
after ACL-R is highly suggestive for infection®.

Purulent secretion, a sinus tract or intraoperative detection of intraarticular pus are confirmative signs

of infection’.

Suggestive signs and symptoms are delayed ROM recovery, increased warmth or swelling, wound
drainage and arthrofibrosis as well as unusual pain and systemic symptoms such as fever and
malaise. Confirmative signs are purulent discharge/aspirate, sinus tract communication with the

joint and intraoperative intraarticular pus.

SURGICAL TREATMENT

¢ |ssurgical treatment necessary for an infection after ACL-R? Which type of surgery is called for?
The key aims in the management of infection after ACL-R are successful infection clearing and the
complete functional recovery of the knee joint®°. There are no prospective randomized controlled
trials that compare surgical and conservative treatment for infection after ACL-R. Indeed, there are
studies on native septic arthritis that showed no differences between needle aspiration and surgical
debridement!!. However, the primary endpoint of these studies was infection cure without any
assessment of functional outcomes or cartilage damage!**2,

Despite the lack of evidence, the present group recommends arthroscopic debridement for the

following reasons:



e Surgical treatment is necessary to wash out proteolytic enzymes and toxins which cause
chondrocyte degeneration®>4,

¢ Prompt evacuation of the joint by means of arthroscopic revision reduces the bacterial load
and intraarticular pressure?.

e Arthroscopy allows for cartilage evaluation in accordance with the Gachter classification and
the evaluation of graft stability and viability®>®,

e Compared to open surgery, arthroscopy has proven to be less invasive and facilitates a faster
recovery, without compromising the cure rate?’.

However, open debridement is indicated in cases when there is subchondral bone involvement

(Gachter V)18,

Clinical staging (Gachter classification) Intraoperative (arthroscopic) spread of
inflammatory process

Stage 1 Turbid effusion, hyperemic synovia

Stage 2 Purulent effusion, fibrinous appositions,
hypertrophic synovia

Stage 3 Synovial adhesion, necrotic areas of synovia
and cartilage

Stage 4 Cartilage necrosis, bone erosion, osteolysis

Although there are reports of successful treatment with percutaneous drainage or bedside
arthrocentesis, this surgical alternative is reserved for selected cases which are not suited to surgery.
These less invasive methods are considered inferior as removal of infection residue and mediators is

insufficient.

We recommend performing arthroscopic debridement in combination with antibiotic therapy as the
primary therapeutic option in every patient. In the rare case of inoperability, repeated needle

aspiration might be an alternative.

¢ How many arthroscopic procedures should be performed?

Wang et al. reported that 60% of the patients were successfully treated with a single arthroscopic
debridement. Repeated debridement was carried out because of persistent clinical symptoms, fever
or increased C-reactive protein (CRP) levels®®. According to several studies, another arthroscopic
debridement should be performed in case of persistent septic arthritis with no positive evolution of
clinical (i.e. local inflammatory changes, persistent wound drainage, fever) and laboratory (i.e.
persistent or secondarily increased CRP) signs'”*°. Binnet et al. showed that an average of 2.66
procedures was required to eradicate infection?. In previous reports, the graft along with its original

fixation material remained in place when the graft was considered functional and did not block knee



motion?!. Indeed, several reports have shown that about 4 out of ACL grafts can be successfully
salvaged with multiple debridement procedures??. However, Vertullo et al. suggest that a failure to
see improvement after 2 arthroscopic irrigations implies that the bacteria have formed a biofilm and
the graft is non-viable or that osteomyelitis has also involved the femoral tunnel®. Calvo et al.
repeated joint lavage several times'. After the third lavage, the graft and implants were removed
because of a persistent clinical infection, macroscopic graft damage and elevated inflammation
parameters. However, those patients had presented more than one week after infection started. In
cases with persistent infection, magnetic resonance imaging should be considered to evaluate the
possible involvement of the tunnels and to detect cavities or abscess formation?*.

McAllister et al. were able to retain the graft by managing persistent infections with two to four
subsequent debridement procedures, but all four patients developed degenerative changes at a mean
of 36 months?!. One factor that is crucial for graft viability is an early diagnosis since patients diagnosed
after 7 days from the onset of symptoms had a higher graft removal rate!®?®. Delayed treatment might
weaken the graft, delay integration or lead to insufficiency?.

Scheduled debridement should not be performed in patients with a favorable course after the first

debridement.

Additional debridement is indicated if the clinical course is not favorable. Unfavorable determinants
include increasing pain, fever or persistent or secondarily increased CRP without any other
explanation (e.g., nosocomial infection), a persistent discharge from the portal or persistent local
signs of inflammation. In cases with an uneventful course, repeated arthroscopic debridement is not
needed. If the course is not adequate after the 3™ debridement, graft and hardware removal should

be considered. MRI may help identifying the cause of persistent infection in those cases.

¢ When can the new ACL-R be performed in cases of graft and hardware removal?
Based on the available evidence of PJI and native septic arthritis, a new graft can be reconstructed
after 6 weeks if the following considerations are fulfilled?’:
¢ No bone involvement (no osteomyelitis)
e Good clinical evolution
e Decreasing CRP (no need to be normal)
¢ No difficult-to-treat infections caused by a microorganism that is resistant to biofilm-active
antibiotics
In the case of a new ACL-R, tissue cultures from the synovial membrane and bone tunnels must be

obtained during surgery. Histopathology of the tunnels might be of help in ruling out osteomyelitis.



Keeping patients under antibiotics until the results of intraoperative diagnostics are available is
recommended.

If these requirements are not met, the new ACL-R must be delayed, either after additional
debridement procedures or when the prolonged antibiotic treatment (i.e. osteomyelitis treatment) is
completed.

We recommend that graft reimplantation be performed after 6 weeks in selected cases in cases of

graft and hardware removal.

SYSTEMIC ANTIMICROBIAL TREATMENT

¢ What is the optimal treatment duration for ACL-R-infections?

There is a controversy regarding the duration of antibiotic treatment and when to switch from
intravenous to oral therapy. There are no randomized controlled studies addressing this issue. In
native septic arthritis, the duration of antimicrobial treatment depends on the organism isolated and
the clinical response to the chosen antibiotic. The duration of treatment is generally 2 to 6 weeks?, In
infections after ACL-R, it was 2 to 12 weeks in previously published case series*'¥?°, Intravenous
treatment was given for 5 days to 6 weeks**2?°, In most reports, an adequate clinical response and a
decrease in CRP are prerequisite for a switch to oral treatment or discontinuation of antibiotics1%822,
Overall, antibiotic treatment is maintained for a minimum of 4 to 6 weeks*™**°. In a recent study, a
good clinical outcome was seen with oral treatment started at a mean of 5 days (range, 4-7) after
surgery and a total antibiotic treatment lasting an average of six weeks?®. Recent landmark studies
corroborated the trend towards shorteri.v. treatment durations in severe infections such as bone and
joint infections and infective endocarditis3'32.

A 1-week (up to 2 weeks) i.v. treatment regimen is suggested. It should be followed by oral treatment
for another 4 to 5 weeks. It would be preferable to do it with bactericidal agents with good
bioavailability and bone penetration as well as biofilm-activity if avascular tissue and fixation devices

are in situ. The conditions for switching to an oral treatment are a good clinical response with a

decrease in local inflammatory signs and CRP trending towards normal values.

We suggest a 1 week (up to 2 weeks) of intravenous treatment followed by oral treatment for
another 4-5 weeks, preferably with bactericidal agents with good bioavailability and bone
penetration as well as biofilm-activity if avascular tissue and fixation devices are in situ. The
conditions for switching to oral treatment are a good clinical response with nearly normal CRP

values.
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