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QUESTION 1: What perioperative antibiotic prophylaxis should be used in patients undergoing 
arthroscopic surgery without the use of implants or grafts? What about patients with 
non-anaphylactic or anaphylactic penicillin allergy?

RECOMMENDATION: The literature neither supports nor refutes the use of antibiotic prophylaxis for routine arthroscopic surgeries, without 
the use of implants or grafts. For non-compromised, non-implant arthroscopy, antibiotic prophylaxis is not required. Patients with comorbidi-
ties which have been shown to cause higher risk for infection may benefi t from antibiotic prophylaxis. A fi rst-generation (cefazolin) or a second-
generation (cefuroxime) cephalosporin can be used as fi rst line, including for those with a non-anaphylactic penicillin allergy. For patients with 
an anaphylactic penicillin allergy, other antibiotics such as vancomycin, clindamycin or teicoplanin can be used.

LEVEL OF EVIDENCE: Consensus

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)

RATIONALE 

The overall risk of infection following routine elective arthroscopic 
procedures is low (for the knee it is 0.1–3.4% [1–3] and for the shoulder 
it is similar at 0–3.4% [4,5]). Various patient-related risk factors that 
are associated with higher risk of infection have been identifi ed 
including the patients being young and male, conditions resulting 
in immunocompromised status and history of depression [1,2]. Addi-
tional risk factors that have been identifi ed using databases include 
higher body mass index, history of diabetes, longer operative time 
and smoking [1,2]. In these patients at higher risk of infection, special 
consideration should be given to the use of perioperative antibiotic 
prophylaxis. 

In a prospective study by Qi et al. there were similar infection 
rates in 1,326 patients irrespective of the antibiotic prophylaxis [6]. 
In a randomized controlled trial (RCT) by Wieck et al., administra-
tion of antibiotics did not provide additional benefi t for preven-
tion of infection in 437 patients [7]. However, it is important to 
note that because of the smaller cohort size, the fi ndings may have 
introduced a type II error. Similarly, a recent large database study 
on 40,810 simple knee arthroscopies demonstrated no association 
between administration of perioperative antibiotics and postop-
erative infection [8]. Although the rate of deep infection was lower 
in the antibiotic group, the diff erence did not reach a statistical 
signifi cance.

Randelli et al. reported an infection rate of 0.16% (15 infections) 
in their review of a series of 9,385 shoulder arthroscopies, with a 
signifi cant diff erence in rates between patients receiving antibiotic 
(0.095%) and those not receiving antibiotic (0.58%) (p = 0.01) [4]. 
Conversely, Bert et al. retrospectively analyzed 3,231 knee arthrosco-
pies (2,780 meniscectomies) and found patients who received preop-
erative antibiotics had an infection rate of 0.15% compared to 0.16% in 
those who did not (p = 0.59) [9].

A recent retrospective study by Pauzenberger et al. on 3,294 
arthroscopic rotator cuff  repairs with implants, demonstrated a 
reduced infection rate from 1.54% to 0.28% in patients who received no 
antibiotic prophylaxis compared with those who received 2 grams of 
cefazolin routinely, respectively. Further, those patients who received 
no antibiotic demonstrated a 5.53 times higher rate of infection [10].

In elective surgery, the preferred preoperative antibiotic is a fi rst 
or second-generation cephalosporin (cefazolin or cefuroxime) [11].

They are broad spectrum, cost-eff ective and allow newer, more 
expensive antibiotics to be used for more resistant organisms. Ceph-
alosporins cover gram-positive bacteria as well as clinically impor-
tant aerobic gram-negative bacilli and anaerobic gram-positive 
bacteria. They have good distribution in muscle, bone and synovium, 
achieving fast bactericidal levels after administration [11]. 

One placebo-controlled trial evaluating prophylactic cefazolin 
in 2,137 total hip arthroplasty patients showed a signifi cant reduc-
tion in infection[12] whereas another RCT of cefuroxime compared 
to vancomycin and fusidic acid in 435 arthroplasty patients showed 
no diff erence in infection rate, the lack of diff erence may have been 
because of the small sample size and underpowered nature of the 
study [13]. Alternative fi rst line agents are penicillins including 
cloxacillin and fl ucloxacillin [11]. In known cases of anaphylactic 
penicillin allergy, other agents such as clindamycin, vancomycin or 
teicoplanin, if available, should be considered. Clindamycin is bacte-
riostatic and alone has poor activity against Staphylococcus aureus 
(MRSA) so other agents (e.g., levofl oxacine) may need to be coad-
minsitered [11]. With a non-anaphylactic penicillin allergy, a second-
generation cephalosporin can still be used as there is limited cross-
reactivity and penicillin skin testing can assess for a true allergy [11]. 
Patients colonized with MRSA should receive vancomycin or teico-
planin [14]. A recent report from Europe showed that teicoplanin 
was the most common agent used in high-risk patients with associ-
ated comorbidities (84% of practices), but is not available in the US, 
Canada or China [15].

Septic arthritis post-arthroscopy remains very rare with rates 
of 0.009–1.1% [16]. Despite its rarity, this complication is serious 
as its treatment often warrants multiple surgical procedures and 
prolonged antibiotic treatment, with risks of signifi cant chondral 
damage and patient morbidity. Despite successful eradication of 
infection, the joint may develop secondary osteoarthritis and func-
tional loss [17]. Moreover, the additional short and long-term treat-
ment costs to the patient and hospital, is a factor to consider when 
using antibiotic prophylaxis [18]. However, the increasing preva-
lence of antibiotic resistance and the occurrence of drug-related 
adverse events cautions its routine use [19]. 

Overall, the literature on antibiotic prophylaxis for knee and 
shoulder arthroscopy is limited. For routine elective arthroscopy 
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without the use of implants or grafts in the healthy patient, there is 
no evidence to support the use of perioperative antibiotic prophy-
laxis. Antibiotics may be considered when implants are being used 
or when the patient has certain comorbidities which are considered 
risk factors for infection. A fi rst- or second-generation cephalosporin 
antibiotic can be used as a fi rst line agent, including in patients with a 
non-anaphylactic penicillin allergy. In patients with an anaphylactic 
penicillin allergy, other agents such as vancomycin, clindamycin or 
teicoplanin can be considered. 

REFERENCES

[1] Clement RC, Haddix KP, Creighton RA, Spang JT, Tennant JN, Kamath GV. 
Risk factors for infection after knee arthroscopy: analysis of 595,083 cases 
from 3 United States databases. Arthroscopy. 2016;32:2556–2561. doi:10.1016/j.
arthro.2016.04.026.

[2] Cancienne JM, Mahon HS, Dempsey IJ, Miller MD, Werner BC. Patient-
related risk factors for infection following knee arthroscopy: an analysis 
of over 700,000 patients from two large databases. Knee. 2017;24:594–600. 
doi:10.1016/j.knee.2017.02.002.

[3] Sherman OH, Fox MJ, Snyder JS, Del Pizzo J W, Friedman DM, Ferkel JR, et al. 
An analysis of complications in two thousand six hundred and forty cases. J 
Bone Joint Surg Am. 1986;68:256–265.

[4] Randelli P, Castagna A, Cabitza F, Cabitza P, Arrigoni P, Denti M. Infectious 
and thromboembolic complications of arthroscopic shoulder surgery. J 
Shoulder Elbow Surg. 2010;19:97–101. doi:10.1016/j.jse.2009.04.009.

[5] Weber SC, Abrams JS, Nott age WM. Complications associated with 
arthroscopic shoulder surgery. Arthroscopy. 2002;18:88–95. doi:10.1053/
jars.2002.31801.

[6] Qi Y, Yang X, Pan Z, Wang H, Chen L. Value of antibiotic prophylaxis in 
routine knee arthroscopy. Der Orthopäde. 2018;47:246–253. doi:10.1007/
s00132-017-3486-3.

[7] Wieck JA, Jackson JK, O’Brien TJ, Lurate RB, Russell JM, Dorchak JD. Effi  -
cacy of prophylactic antibiotics in arthroscopic surgery. Orthopedics. 
1997;20:133–134.

[8] Wyatt  RWB, Maletis GB, Lyon LL, Schwalbe J, Avins AL. Effi  cacy of prophy-
lactic antibiotics in simple knee arthroscopy. Arthroscopy. 2017;33:157–162. 
doi:10.1016/j.arthro.2016.05.020.

[9] Bert JM, Giannini D, Nace L. Antibiotic prophylaxis for arthroscopy 
of the knee: is it necessary? Arthroscopy. 2007;23:4–6. doi:10.1016/j.
arthro.2006.08.014.

[10] Pauzenberger L, Grieb A, Hexel M, Laky B, Anderl W, Heuberer P. Infec-
tions following arthroscopic rotator cuff  repair: incidence, risk factors, 
and prophylaxis. Knee Surg Sports Traumatol Arthrosc. 2017;25:595–601. 
doi:10.1007/s00167-016-4202-2.

[11] Hansen E, Belden K, Silibovsky R, Vogt M, Arnold W, Bicanic G, et al. Peri-
operative antibiotics. J Orthop Res. 2014;32 Suppl 1:S31–S59. doi:10.1002/
jor.22549.

[12] Hill C, Flamant R, Mazas F, Evrard J. Prophylactic cefazolin versus placebo 
in total hip replacement. Report of a multicentre double-blind randomised 
trial. Lancet. 1981;1:795–796.

[13] Tyllianakis ME, Karageorgos AC, Marangos MN, Saridis AG, Lambiris EE. 
Antibiotic prophylaxis in primary hip and knee arthroplasty: comparison 
between cefuroxime and two specifi c antistaphylococcal agents. J Arthro-
plasty. 2010;25:1078–1082. doi:10.1016/j.arth.2010.01.105.

[14] Bratzler DW, Dellinger EP, Olsen KM, Perl TM, Auwaerter PG, Bolon MK, et al. 
Clinical practice guidelines for antimicrobial prophylaxis in surgery. Am J 
Health Syst Pharm. 2013;70:195–283. doi:10.2146/ajhp120568.

[15] Hickson CJ, Metcalfe D, Elgohari S, Oswald T, Masters JP, Rymaszewska M, et 
al. Prophylactic antibiotics in elective hip and knee arthroplasty: an anal-
ysis of organisms reported to cause infections and national survey of clin-
ical practice. Bone Joint Res. 2015;4:181–189. doi:10.1302/2046-3758.411.2000432.

[16] Balato G, Di Donato SL, Ascione T, D’Addona A, Smeraglia F, Di Vico G, et 
al. Knee septic arthritis after arthroscopy: incidence, risk factors, func-
tional outcome, and infection eradication rate. Joints. 2017;5:107–113. 
doi:10.1055/s-0037-1603901.

[17] Armstrong RW, Bolding F, Joseph R. Septic arthritis following arthroscopy: 
Clinical syndromes and analysis of risk factors. Arthroscopy. 1992;8:213–223. 
doi:10.1016/0749-8063(92)90039-E.

[18] Bohensky MA, Ademi Z, Desteiger R, Liew D, Sundararajan V, Bucknill A, et 
al. Quantifying the excess cost and resource utilisation for patients with 
complications associated with elective knee arthroscopy: A retrospective 
cohort study. Knee. 2014;21:491–496. doi:10.1016/j.knee.2013.11.009.

[19] Tacconelli E, Carrara E, Savoldi A, Harbarth S, Mendelson M, Monnet DL, 
et al. Discovery, research, and development of new antibiotics: the WHO 
priority list of antibiotic-resistant bacteria and tuberculosis. Lancet. 
2018;18:318–327. doi:10.1016/S1473-3099(17)30753-3.

•    •    •    •    •
Authors: Nirav K. Patel, Andy O. Miller

QUESTION 2: Should routine methicillin-resistant Staphylococcus aureus (MRSA) screening be in 
place for patients undergoing elective sports procedures?

RECOMMENDATION: Routine MRSA screening is not warranted for patients undergoing elective sports procedures. Screening may be appro-
priate in higher-risk patients and patients undergoing more complex procedures.

LEVEL OF EVIDENCE: Consensus

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)

RATIONALE

Staphylococcus aureus (S. aureus) is the most frequent pathogen 
isolated from surgical site infections (SSIs) in patients undergoing 
orthopaedic procedures [1]. SSIs caused by S. aureus can be serious 
and diffi  cult to treat, often requiring debridement with removal of 
orthopaedic implants. S. aureus resides on skin surfaces and asymp-
tomatically colonizes approximately one-third of the population, 
most commonly the anterior nares [2]. Multiple studies have shown 
that S. aureus nasal colonization is a signifi cant risk factor in devel-
oping S. aureus SSIs [3]. S. aureus is also found in the throat, axilla and 
groin [4], as well as in eczematous skin lesions [5]. Screening for and 
decolonization of S. aureus has been shown to decrease SSI rates in 
a variety of surgical specialties [6], but not specifi cally in patients 
undergoing sports procedures.

In some hospitals, 57% of isolates of S. aureus causing orthopaedic 
infection are resistant to methicillin [1]. Compared to methicillin-

sensitive S. aureus (MSSA) causing SSI, patients with MRSA SSIs have 
been shown to have a higher risk of morbidity, mortality and greater 
hospital costs [7]. Indeed, one study showed that intranasal carriage 
of S. aureus was the only independent risk factor for SSIs following 
orthopaedic implant surgery [8]. 

Most studies evaluating MRSA screening and decolonization in 
orthopaedic patients were performed in elective total joint arthro-
plasty patients [9,10]. Other studies have also included spine patients 
(e.g., fusion) and trauma patients [11], and many did not state the 
specifi c type of elective orthopaedic patient included. These non-
specifi c studies often had a minimum inpatient stay inclusion crite-
rion, which therefore excludes almost all elective orthopaedic sports 
surgery cases.

Our extensive search of the literature identifi ed a study by Kim 
et al. that evaluated patients undergoing sports procedures who 
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screened 7,019 of 7,338 (95.6%) preoperatively for MRSA. They also 
included patients undergoing total joint replacement and spine 
surgery, with a minimum one-day inpatient stay, though no details 
on the types of cases or numbers were provided. There were 309 
(4.4%) MRSA carriers, and these patients did have a signifi cantly 
higher risk of SSI compared to non-MRSA carriers (0.97% vs. 0.14%, 
p = 0.0162). However, the rates of infection in the sports surgery 
group were not reported [3]. 

Given the signifi cant lack of data on the effi  cacy and cost eff ec-
tiveness of preoperative MRSA screening in patients undergoing 
orthopaedic procedures in general and those receiving sports proce-
dures in particular, the routine practice of MRSA screening cannot 
be recommended. Rates of infection after sports surgery procedures 
are generally lower than rates after arthroplasty or spine procedures, 
suggesting that screening strategies may prevent fewer infections 
and be less cost-eff ective in sports surgery than in other ortho-
paedic procedures. Very limited data suggests that screening may be 
considered in sports patients who will be admitt ed for at least one 
overnight stay, particularly if implants are to be used [3]. Further 
studies are needed to evaluate the effi  cacy and cost-eff ectiveness of 
screening for Staphylococcal carriage (MRSA or MSSA) in patients 
undergoing sports surgery procedures.
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QUESTION 3: What perioperative antibiotic prophylaxis should be used in patients undergoing 
arthroscopic surgery who are methicillin-resistant Staphylococcus aureus (MRSA) carriers?

RECOMMENDATION: MRSA carriers should be administered vancomycin or teicoplanin as antibiotic prophylaxis prior to arthroscopic surgery 
involving an implant and/or a graft or for patients at higher risk of infection.

LEVEL OF EVIDENCE: Consensus

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)

RATIONALE

Prevalence of MRSA colonization is increasing in some community 
sett ings, even in patients who lack traditional (or any) identifi able 
risk factors [1]. Surveillance studies have suggested that the coloni-
zation rate in the general population varies worldwide, with methi-
cillin-sensitive S. aureus (MSSA) nasal carriers making up 20–36.4% of 
the population, and MRSA nasal colonization composing 0.6–6% of 
the population [2].

When simple arthroscopy is performed (meniscal tears, artic-
ular debridement, synovectomy and microfracture), the risk of 
surgical site infection (SSI) is extremely low and antimicrobial 
prophylaxis is not routinely recommended [3–7]. However, when 
arthroscopic procedures involve the use of implants, grafts, place-
ment of several surgical incisions, prolonged operative time or 
knee ligament reconstruction, the SSI risk is higher than in simple 
arthroscopy, and prophylactic antibiotic administration may be 
justifi ed [8–10]. Although the effi  cacy of prophylactic antibiotics in 
reducing SSI for major orthopaedic procedures has been proven, 

the role of antibiotic prophylaxis in routine arthroscopy remains 
controversial [3,4,11,12].

Regarding arthroplasty, some studies reveal that universal 
MRSA decolonization is eff ective in reducing the overall rate of 
SSIs and promoting economic gains for the health system related 
to the downstream savings accrued from limiting future reopera-
tions and hospitalizations [13–15]. The American Academy of Ortho-
paedic Surgeons (AAOS) and Surgical Care Improvement Project 
(SCIP) recommend fi rst- or second-generation cephalosporins as the 
prophylactic antibiotics of choice for patients who are not colonized 
with MRSA, with vancomycin prophylaxis reserved for those who are 
MRSA-colonized [16]. The addition of vancomycin or an aminoglyco-
side to the prophylactic perioperative antibiotic regimen results in 
a predicted activity of 83–97% against the most common pathogens 
causing SSIs [17]. 

Thus, based on the available evidence, it is unlikely that prophy-
lactic antibiotics are needed for simple arthroscopic procedures 
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in the fi rst instance and if the prophylaxis should be modifi ed for 
patients who are MRSA carriers. In the absence of evidence, and 
due to the gravity of any SSI being caused by MRSA, we recommend 
that consideration be given to administration of vancomycin or 
teicoplanin as antibiotic prophylaxis prior to arthroscopic surgery 
involving an implant and/or a graft or for patients at higher risk of 
infection.
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QUESTION 4: What is the best method for anterior cruciate ligament (ACL) allograft sterilization 
to minimize the incidence of postoperative infections and mechanical weakening of the graft?

RECOMMENDATION: The best method for ACL allograft sterilization to minimize the incidence of postoperative infection and mechanical 
weakening of the graft is the use of irradiation (preferably less than 1.8 Mrad). Allografts should be harvested aseptically and fresh-frozen, 
whenever possible. 

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)

RATIONALE 

An exhaustive literature review of articles published in English was 
undertaken to identify studies related to allograft sterilization and 
the incidence of postoperative infections and graft failures. The 
search was performed across the PubMed, Scopus, and Cochrane 
databases as well as Google Scholar using the following search terms: 
“allograft sterilization,” “infections and allografts in ACL reconstruc-
tion,” “complications after allograft use for ACL” and “mechanical 
strength of allografts.” Articles in languages other than English were 
not reviewed, nor were articles on non-human subjects. The articles 
included were from 1988 until March 2018, (Levels I-IV evidence) 
containing evidence of graft longevity, post-ACL infections, revision 
rates following use of allografts and other complications associated 
with allograft use. The Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses criteria (PRISMA) were followed.

Septic arthritis after ACL reconstruction (ACLR) is a rare event, 
occurring in 0.14 to 1.8% of cases [1–3]. Several studies have demon-
strated a lower rate of deep infection after ACLR using allograft 
compared to hamstring autograft tendons and equal possibilities 
with the use of bone patellar tendon bone (BPTB) autograft [4–8]. The 

increasing use of primary allograft ACLR during the last few decades 
can be explained by the fact that allograft off ers several advantages 
such as shortening operative time, reducing postoperative pain, 
allowing a variety of grafts to choose from and avoiding harvest site 
morbidity [9–11]. 

However, allografts bring with them an intrinsic risk of contami-
nation, which is why every possible eff ort must be made in order to 
lower this risk as much as possible. 

The American Association of Tissue Bank (AATB) has made 
several rules in allograft procurement, sterilization and conserva-
tion, in order to guarantee a Sterility Assurance Level, which is the 
probability of failing the sterilization after the whole process, lower 
than 1x10-6  [12]. The possibility of human immunodefi ciency virus 
(HIV) transmission is one in 1,667,600 [13], but it drops to 1��⁄ 173,600 
for non-processed allograft [14]. In fact, there are several steps that 
follow a rigid protocol to ensure a lower risk of disease transmission. 
The donor must be checked for known disease and an examination 
of the body is taken to control any sign of infection or intravenous  
(IV) drugs stigmata [15].
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Further, the donor is screened by serology tests for viral infec-
tion (i.e., HIV type I – II, hepatitis B virus (HBV) surface antigen, HBV 
core antibody or hepatitis C virus (HCV) antibody) [16]. Nucleic Acid 
Testing (NAT) is the best test for screening HIV and HCV because sero-
conversion occurs 15 days after the fi rst contact with the virus [16]. 
Blood cultures are necessary to check for bacterial and fungal infec-
tion. Aerobic and anaerobic cultures last for a minimum of 15 days, 
according with the AATB and the Food and Drug Administration [17]. 

The successive step is the tissue retrieval, which is performed in a 
sterile operating room with sterile technique [18]. After that, the graft 
is treated with a bactericidal-antimicrobial disinfection solution. At 
this stage, the graft cannot yet be considered sterile [15]. 

There are several sterilization techniques, which can be split 
into irradiation and chemical sterilization. The irradiation can be 
based on gamma ray or electron-based radiation. The gamma radia-
tion works by generating free radicals and directly modifying nucleic 
acids, leading to genomic dysfunction [19]. Unfortunately, the fi rst 
eff ect can damage the collagen and compromise the mechanical 
structure of the graft in terms of strength and elasticity [20,21]. A low 
dose of radiation (< 25 KGy) is able to kill the bacteria, but does not 
have a complete eff ect on the virus [22–25]. In reverse, a high dose of 
radiation (> 35 KGy) can kill viruses, but several studies showed that 
at this level of radiation, the mechanical proprieties of the graft are 
compromised [22,26,27].

Additionally, it is necessary to consider that there is no consensus 
about the fact that a low dose of radiation does not damage the graft. 
Park et al. reviewed 21 publications and found a total of 1,453 ACLR 
with allograft (415 low-dose irradiated; 1,038 non-irradiated) [28]. 
The authors found worse functional outcomes and greater rates of 
re-rupture in patients receiving irradiated allograft. However, in the 
single publications, the result was good to excellent in both groups, 
and not all of the functional scores favoured the non-irradiated 
group as the International Knee Documentation Committ ee score 
was higher in the irradiated group [28]. 

There are several publications suggesting that a low dose of 
gamma radiation does not aff ect the biomechanical properties of 
the graft [29,30]. However, other studies fi nd the opposite [31–33]. 

Furthermore, other studies suggest the effi  cacy of radioprotec-
tive solution (i.e., propylene glycol, dimethyl sulfoxide, mannitol 
and trehalose) in protecting the graft from even high doses of 
gamma radiation [20,34]. 

An alternative system is electron-based radiation, which has 
a lower penetration (8cmH2O vs. 30cmH2O), and a lower time 
is required for the sterilization (seconds vs. hours) compared to 
gamma irradiation. Good results have been demonstrated if used in 
combination with other tissue-protective measures (i.e., low temper-
ature or carbon dioxide) [35]. Further studies are required to fully 
understand the eff ectiveness of this method. 

Chemical sterilization is another option, however, some of these 
processes should be avoided. For example, ethylene oxide can cause 
post-implantation synovitis, cysts and graft failure [36,37] and iodo-
phor rinse followed by water is not uniformly viracidal [37]. 

An eff ective solvent is paracetic acid (PAA), which does not 
change the strength or elasticity of the graft [38] even if it seems to be 
correlated with a delay in the biological remodelling, and thus can 
cause a reduction in early knee stability (fi rst three months) [39].

In the absence of any defi nitive evidence that addresses 
both the mechanical strength as well as anti-infective proper-
ties in allografts, we would propose that if an allograft is the 
only choice available, it should preferably be fresh-frozen, asepti-
cally harvested and subjected to less than 1.8 Mrad of irradiation. 
Indeed, the majority of tissue banks use combined methods (i.e., 
Crylife Inc., Biocleanse, Allowash, Tutoplast process, the clearant 
process, etc.). 
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QUESTION 5: Should autograft or allograft be soaked in an antiseptic or antibiotic solution 
prior to implantation during anterior cruciate ligament reconstruction (ACLR)?

RECOMMENDATION: Yes, autograft tissue should be soaked in an antibiotic solution prior to implantation during ACLR.

LEVEL OF EVIDENCE: Moderate 

DELEGATE VOTE: Agree: 91%, Disagree: 9%, Abstain: 0% (Super Majority, Strong Consensus)

RATIONALE

Infection after ACLR is rare but can cause serious complications 
[1]. Contributing factors that may predispose to infection include 
diabetes, smoking, increased time of surgery and tourniquet infl a-
tion, additional or larger incisions for arthroscopic portals and the 
use of a drain [2].

The use of a preoperative prophylactic antibiotic has been previ-
ously established to reduce infection rates in orthopaedic surgery 
procedures [3]. Historically, ACL allografts have been associated 
with a higher risk for infection. However, a recent systematic review 
reported no diff erence in infection rates between allograft and auto-
graft tissue for ACLR [4]. Further, hamstring autograft grafts have 
been reported to have a higher incidence of infection compared to 
both allografts and bone-tendon-bone (BTB) patellar tendon auto-
grafts [5–7].

Among the published studies, there are strong evidences that 
pre-soaking of hamstring grafts in topical vancomycin reduced the 
rate of postoperative infection when compared to intravenous (IV) 
antibiotics alone. 

Vancomycin has been reported for its use for local antibiotic 
infusion into joints [8]. Vertullo et al. investigated the utility of 
soaking hamstring autografts with vancomycin before implemen-
tation during ACLR. In their investigation, both patient cohorts 
received preoperative IV antibiotics while one group additionally 
received a pre-soaked vancomycin graft. A statistical diff erence in 
infection rates was noted between the two patient groups as the 
preoperative IV antibiotic-only group reported an infection rate 
of 1.4% compared to a 0% rate for the group with the vancomycin-
soaked allograft [9]. 

Pérez-Prieto et al. performed a similar study. Both patient 
cohorts received preoperative IV antibiotics while one group addi-
tionally received a pre-soaked vancomycin graft. However, in this 
series, BTB autografts were included as well. The group without 
vancomycin saturation of the graft had an infection rate of 1.85% 

while the group of patients who received systemic antibiotic 
prophylaxis and graft pre-soaking with vancomycin did not experi-
ence any infections (0%) [10].

Phegan et al., reporting on the use of vancomycin-soaked 
hamstring autografts, noted no infections in a series of 1,300 patients 
receiving prophylactic vancomycin pre-soaked hamstring grafts 
in addition to systemic antibiotics [11]. Additionally, Yazdi et al. 
reported using gentamicin irrigation solutions in conjunction with 
preoperative IV antibiotics with an infection rate of 0.57% compared 
to an infection rate of 2.1% in patients receiving only IV antibiotics. All 
patients in this series received autologous grafts [12]. 

Vancomycin has activity mostly against gram-positive microor-
ganisms, while gentamicin is a broad–spectrum antibiotic targeting 
both gram-positive and gram-negative microorganisms [11]. 

Due to the high impact of literature supporting the use of 
soaking autograft tissue in an antibiotic solution prior to implanta-
tion during ACLR, we conclude that soaking autografts in antibiotic 
solution is an eff ective treatment in reducing infection postopera-
tively. 
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QUESTION 6: What is the most appropriate/eff ective sterilization method of an anterior cruciate 
ligament (ACL) graft dropped on the operating room (OR) fl oor during ACL reconstruction (ACLR)?
Should the tissue instead be disposed and alternate graft acquired?

RECOMMENDATION: Rinsing the contaminated graft in a 4% solution of chlorhexidine gluconate is the most eff ective decontamination method 
in the event that an ACL graft is dropped on the OR fl oor. When a chlorhexidine gluconate solution is used for decontamination of the dropped ACL 
graft, the subsequent rates of infection are very low, suggesting that there is no need to dispose of the ACL graft. 

LEVEL OF EVIDENCE: Moderate

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)

RATIONALE

Injuries to the ACL are among the most common injuries to the knee, 
with reconstruction being the preferred method of treatment when 
functional instability is present [1]. Autografts are frequently used for 
ACLR, but it has been shown that the use of autografts is associated 
with contamination as a result of the harvesting and manipulation 
process [2]. Contamination of the autograft can also occur acciden-
tally, by dropping the graft on the OR fl oor or allowing it to come 
into contact with non-sterile surfaces. In fact, a 2008 survey showed 
that 75% of plastic surgeons had dropped an autograft on the OR fl oor 
at least once [3]. In 94% of those cases, the autograft was decontami-
nated and the operation was completed. This protocol may put the 
patient at risk for the development of an intraoperative infection if 
proper decontamination procedures are not followed. This is partic-
ularly concerning given the sheer volume of ACL autograft recon-
structions done each year, which has led to a variety of case studies 
to att empt to identify the best method for sterilizing a dropped auto-
graft during ACLR.

Numerous studies have shown that a contaminated autograft 
can be eff ectively decontaminated by rinsing it in a 4% chlorhexi-
dine gluconate solution [4–8]. There is some discrepancy regarding 
the length of time that a graft should be rinsed in the chlorhexidine 
solution, with 90 seconds [8], three minutes [6,7], 15 minutes [9] and 
30 minutes [4] all being recommended. Khan et al. determined that 
rinsing a contaminated autograft in a 4% chlorhexidine gluconate 
solution was the most eff ective decontamination technique in a 
systematic review of seven studies [10]. The studies included used 
samples from a variety of sources (fresh-frozen, autograft, cadaver) 
and they found that 98% of contaminated grafts soaked in chlorhexi-
dine showed no bacterial growth [10]. 

Bacitracin, polymyxin B and povidone iodine were additional 
proposed methods of decontaminating a dropped graft, but there 
were confl icting recommendations regarding their use. Of note, 
bacitracin was shown to be highly eff ective in decontaminating 

hamstring autografts [6,7], but it did not decontaminate bone-
patellar tendon-bone grafts [11]. The clinical relevance of the latt er 
observation has not been explored further. While a povidone iodine 
rinse was found to be a useful method of decontamination when 
used on grafts dropped on the OR fl oor, it was ineff ective on samples 
artifi cially contaminated with Staphylococcus aureus and Pseudomonas 
aeruginosa [12].

There is a lack of patient outcomes data and randomized control 
trials on the subject, as well as some discrepancy regarding the length 
of time a graft should be rinsed prior to implantation. However, 
there is agreement between numerous case studies indicating that 
rinsing a contaminated ACL graft in a 4% chlorhexidine gluconate 
solution is an eff ective and appropriate decontamination method.
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QUESTION 7: Does the use of a tourniquet infl uence the incidence of surgical site infection (SSI) 
following arthroscopic surgery of extremity joints?

RECOMMENDATION: No. A direct relationship between use of a tourniquet for arthroscopic surgery of the extremity joints and the incidence of 
SSI has not been established.

LEVEL OF EVIDENCE: Moderate

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)

RATIONALE

The use of a pneumatic tourniquet during arthroscopy is a popular 
intraoperative measure to control bleeding, improve visualiza-
tion, ease surgical procedures and possibly shorten the operative 
time, especially in knee procedures. For several decades, various 
studies have suggested that tourniquet application may result in 
an increased risk of postoperative pain, nerve paralysis, swelling, 
joint stiff ness and functional weakness bringing into question 
the value of tourniquet use [1,2]. However, two meta-analyses 
found no diff erence in functional outcomes and general compli-
cations among patients undergoing arthroscopic surgery with 
and without the use of tourniquet [3,4]. Therefore, the use of tour-
niquets remains at the discretion of treating surgeon. A survey of 
the American Orthopaedic Society of Sports Medicine, Arthros-
copy Association of North America and Delhi Arthroscopy Society 
members revealed that the majority of surgeons preferred to use 
tourniquet during arthroscopy surgery, thus making comparison 
of the outcome of these patients without the use of tourniquet 
somewhat diffi  cult [5].

The potential infl uence of tourniquet use on the risk of subse-
quent SSI following arthroscopic surgery is not clear. If the tourni-
quet use results in a higher rate of SSI, a possible mechanism could 
be related to the eff ect of ischemia on antibiotic diff usion in the 
bone marrow. Administration of antibiotic while the tourniquet is 
infl ated is unlikely to allow for proper diff usion of the antibiotics 
to the operated extremity and the joint. Because of the latt er issue, 
a ten-minute delay between antibiotic administration and infl ation 
of the tourniquet is proposed to allow the antibiotic to reach the 
required minimal inhibitory concentration (MIC) level in the oper-
ated joint [6].

Regarding the correlation between tourniquet use and the risk 
of infection after joint arthroscopy, no randomized controlled trials 
(RCTs) with this primary outcome were found. The available high-
level studies on knee arthroscopy were underpowered due to the 
rarity of SSI, while no meta-analyses performed a pooled analysis of 
SSI events following tourniquet and non-tourniquet arthroscopic 
surgery [3,4]. Additionally, few single-center series of knee arthros-
copies analyzed the risk factors for SSI. Sherman et al. retrospectively 
evaluated 2,640 arthroscopies, and did not report a direct correlation 
between tourniquet use and postoperative complications, including 
infection. However, a higher risk of postoperative complications was 

found only in patients older than 50 years and in a tourniquet time 
longer than 60 minutes [7]. Reigstad et al., focusing on SSI, reported 
two superfi cial infections after 876 simple arthroscopies (0.23%), 
mostly after medial meniscectomies, and failed to identify a signifi -
cant correlation with tourniquet use. Rather, they rather reported 
a higher incidence of complications in cases of prolonged surgical 
time [8]. 

Also, Vachal et al. reported six SSIs after 908 anterior cruciate liga-
ment reconstructions (ACLR) (0.7%), identifying previous surgeries 
as the only signifi cant predictor for SSI [9]. The risk of infection has 
been specifi cally investigated in two large multi-centric series of 
ACLR, the Multicenter Orthopaedic Outcome Network (MOON) 
cohort and Kaiser-Permanente registry including 2,198 and 10,626 
patients, respectively [10,11]. However, they were limited to the inclu-
sion of tourniquet use and operative time in the multivariate logistic 
regression. The same limitation has been disclosed in other large 
multi-centric cohorts involving up to 700,000 patients undergoing 
knee arthroscopy [12,13].

Regarding elbow, wrist and ankle joints, few studies evaluated 
arthroscopic procedures without the use of the tourniquet, thus 
solid conclusion cannot be drawn regarding the impact of tourni-
quet use and SSI after ankle, elbow or wrist surgery [14–17].

Based on the available literature, no direct relationship between 
tourniquet use and SSI has been reported. What is clear is that there 
is a direct link between surgical time and the risk of subsequent 
infection in arthroscopic surgery of extremity joints. Thus, the use of 
tourniquets should be subordinated to the surgeon’s preference and 
experience, and balanced with the patient’s characteristics, comor-
bidities and the complexity of  the procedure to limit the surgical 
time. When antibiotic prophylaxis is planned, the tourniquet should 
be infl ated at least ten minutes after its administration. 
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QUESTION 8: What strategies should be employed to minimize recurrent infection of a 
previously infected joint during subsequent joint reconstructive (non-arthroplasty) procedures?

RECOMMENDATION: We recommend that joints with remote or recent history of infection be aspirated and the synovial fl uid analyzed for the 
presence of infection. The aff ected joint should not exhibit any clinical signs of infection such as erythema, swelling, warmth and others at the 
time of planned reconstruction. 

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)

RATIONALE

Our extensive literature search did not reveal any studies specifi -
cally focusing on the prevention of recurrent infection in previously 
infected joints during reconstructive (non-arthroplasty) proce-
dures. It is, however, well-established that previous septic arthritis 
is a risk factor for subsequent surgical site infection (SSI) and peri-
prosthetic joint infection (PJI) [1–4]. Furthermore, diff erent studies 
described the risk factors for developing septic arthritis, such as 
morbid obesity, tobacco use, infl ammatory arthritis, chronic kidney 
disease, diabetes and hemodialysis [5–7]. Cancienne et al. reported in 
their case-control study of over 530,000 shoulder arthroscopies that 
prior steroid injection, revision surgery and malnutrition were inde-
pendent risk factors for infection [8]. 

Multiple PJI and SSI risk mitigation strategies may be considered 
in a patient with remote or recent history of joint infection under-
going a reconstructive non-arthroplasty procedure [1–3,9,10]. These 
are discussed in further detail below.

• Medical optimization: Consider optimization of modifi -
able risk factors such as treatment of any systemic or local 
infection, correction of malnutrition, weight reduction 
in patients with morbid obesity (> 40 kg/m2), treatment 
of vascular insuffi  ciency, smoking cessation, correction 
of hyperglycemia and preoperative cessation of immune-
modifying medications [10].

• Antibiotics: Administer prophylactic antibiotics to reduce 
the risk of recurrent infection. In patients with previous 
methicillin-resistant Staphylococcus aureus (MRSA) infec-
tion, the addition of vancomycin or teicoplanin as periop-
erative antibiotic prophylaxis should be considered [10,11].

• Skin preparation: Preoperative surgical site preparation 
using soap (antimicrobial or non- antimicrobial) or an anti-
septic agent on the night before the operative day should be 
considered [2,10].

• Particle-free operating environment: While there is no 
defi nitive evidence for the effi  cacy of laminar air fl ow in 
non-arthroplasty surgery, the number of theatre personnel 
and operating room traffi  c should be minimized to reduce 
the risk of recurrent infection [10].

• Respect the soft tissue: Meticulous surgical technique, 
proper wound closure and an eff ort to reduce the surgical 
time may help minimize the risk of recurrent infection 
[10,12]. 

• Intraoperative wound irrigation: Copious intraoperative 
irrigation is considered an eff ective strategy to reduce the 
number of pathogens in the surgical wound [10]. 

• Wound management: Antimicrobial dressings may reduce 
the risk of SSI [10,13].

More recently, pre-soaking of hamstring tendon autograft in 
a vancomycin solution has been shown to reduce septic arthritis 
following ACL reconstruction. As such, we recommend soaking the 
autograft (and possibly allograft) in an antibiotic solution such as 
vancomycin when used in previously infected knees [14–17].

In the absence of specifi c literature related to the above ques-
tion, we recommend that all measures are taken to ensure that 
infection in the aff ected joint is resolved, which includes absence of 
erythema, swelling and so on. In addition, the aff ected joint should 
be aspirated and the synovial fl uid analyzed for signs of infection. 
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During the reconstruction of the previously infected joint, all avail-
able strategies for prevention of infection should be implemented.
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QUESTION 9: Is the surgical management of a patient with infection following anterior cruciate 
ligament reconstruction (ACLR) an emergency, or can the patient be optimized prior to surgical 
intervention? If so, what needs to be optimized?

RECOMMENDATION: Infection following ACLR is not a surgical emergency in most cases. Sepsis associated with infected anterior cruciate 
ligament (ACL) requires an emergency treatment. Most surgeons agree that surgical intervention should take place without delay, on a prompt 
basis, preferably on the same day as the clinical presentation of an ACLR infection. The patient’s condition needs to be optimized prior to surgery.

LEVEL OF EVIDENCE: Moderate

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)

RATIONALE 

Infection following ACLR is a rare event aff ecting up to 2.25% of 
patients, but it is a serious complication [1–15]. Surgical management 
of ACLR infections is frequently discussed in the literature, but the 
timing of surgical intervention is not clearly stated in the majority 
of these publications [3,4,6,10–12,16–18]. 

A few studies have addressed the issue of timing of surgery. A 
study by Schuster et al. stated that the surgery should be performed 
on the day of admission [19]. Another study by Mouzopoulos et al. 
also declared that the infection should be treated without delay [20]. 
In a review article, Wang et al. reported a summary of various studies 
by stating a recommendation for immediate operative treatment 
[21]. Torres-Claramunt et al. also reported that the generally-accepted 
treatment is “arthroscopic lavage, performed as soon as possible” 
[22]. It is known that articular cartilage degrades rapidly and loses 
nearly half of its glycosaminoglycan and collagen composition in 
the fi rst week of a joint infection [23,24]. Therefore, a signifi cant delay 
should not be experienced in the initiation of surgical treatment in 
patients presenting with an infection of ACL reconstruction.

The major drawback in the literature is that almost all of the 
studies published on infection following ACLR have been retrospec-

tive reviews. It is well-established in these studies that infection 
following ACLR can rarely be a life-threatening emergency. A timely 
and well-planned course of action based on clinical and laboratory 
data and microbiological fi ndings is recommended. Graft retention 
has been shown as a goal along with articular cartilage protection, so 
lengthy delays should be avoided [1,3,6,11,13,17,18,25,26]. 

A protocol for patient optimization prior to surgery has not 
been clearly established. Clinical examination and aspiration of 
the knee joint is recognized as the fi rst step in diagnosis at initial 
patient presentation with a suspected postoperative ACLR infection. 
It is also generally reported that broad-spectrum antibiotics, prefer-
ably cephalosporins, should be started as soon as possible after joint 
aspiration is performed [10,12,15,16,19,20,22,27]. The antibiotics should 
target coagulase-negative Staphylococcus (CNS) and Staphylococcus 
aureus, as these are the most common infecting organisms. Antibi-
otic therapy should be modifi ed as soon as culture results identify 
the specifi c pathogen and the susceptibility. 

Blood tests for infectious and infl ammatory markers, such as 
white blood cell count, erythrocyte sedimentation rate and C-reac-
tive protein, should also be conducted on the day of presentation. 
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This will add to the initial clinical data and off er serial information to 
monitor infection eradication [19–22]. Clinical records of the patient 
should be reviewed to identify the nature of the prior operative 
procedure, type of graft, method of fi xation and additional meniscal 
or cartilage procedures, if performed [1,4,6,15,19]. 

As with all surgeries, comorbidities should be medically 
managed. This may include bett er control of hyperglycemia, correc-
tion of anticoagulation, correction of anemia and other conditions 
that may adversely infl uence the outcome of surgical procedure. 
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QUESTION 1: Should culture samples be taken during arthroscopic treatment of a knee joint 
infection? If so, how many and from which area in the joint?

RECOMMENDATION: Yes, culture samples should be taken during arthroscopic treatment of a knee joint infection. We recommend that at least 
three culture samples from diff erent sites be taken.

LEVEL OF EVIDENCE: Moderate

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)

RATIONALE

Infections of the knee joint can occur either from hematogenous 
spread or directly due to local trauma or a medical intervention. 
Infections after an arthroscopy for anterior cruciate ligament recon-
struction (ACLR) or meniscal pathology are reported throughout 
the literature [1–18]. Infection can also occur in healthy native knees 
[13,19–24]. Sending intraoperative samples of synovial fl uid and tissue 
for microbiological analysis is commonly reported in the literature 
[1–12,14–24], with only one study reporting no intraoperative samples 
for culture [13]. Two studies described the number of samples taken 
during the arthroscopy [11,19]. In both of the studies, fi ve samples 
were taken and sent for culture. Unfortunately, no studies described 
an optimal area of the joint from which to take the samples. 

When considering the existing research, it can be concluded 
that samples should be taken during arthroscopic treatment for a 
knee infection. However, based on the review of the literature, no 
conclusion can be drawn about the number of samples. 

There is more research describing the number of samples to be 
taken during debridement in periprosthetic joint infection (PJI). 
In their study on 113 PJIs, Gandhi et al. concluded that the optimal 
number of cultures needed to obtain a positive test result was four 
(specifi city = 0.61, sensitivity = 0.63). Furthermore, they stated that 
increasing the number of samples increases specifi city but reduces 
sensitivity [25]. In the same study, the samples were collected from 
representative areas of the joint, including, but not limited to, 
synovium, intramedullary tissue, prosthetic interface and tissue 
from the adjacent bone [25].

During the previous consensus meeting in 2013, it was concluded 
that three to six samples should be obtained intraoperatively in 
suspected PJI cases [26]. Similarly, other authors confi rmed that 
three to fi ve samples should be obtained from deep tissues during 
surgery for suspected PJI [27,28].

There is no agreement about the area of the joint the samples 
should be taken from during arthroscopic treatment of septic knee 
arthritis. In their review, Bauer et al. reported that the samples should 
be taken from the deep tissue [29]. In their systematic review, Mouzo-
poulos et al. suggested that during arthroscopic treatment of septic 
ACLR, samples for culture should be taken from multiple areas, such 
as synovial lining, graft, femoral and tibial tunnel [30].

Based on the available data, no defi nitive conclusion can be 
drawn on the number of samples needed and the area of the joint 
they should be taken from during arthroscopic treatment of septic 
knees. Studies based on PJI were considered, as well as literature 
reviewed on knee septic arthritis after ACLR. Based on this data, it 
may be extrapolated that at least three samples should be collected 

during arthroscopic treatment of knee joint infection. Furthermore, 
they should be taken from multiple areas of the joint: graft, syno-
vial lining and from the femoral and tibial tunnels when present. 
It is reasonable to also collect samples from other areas, such as the 
medial and lateral gutt ers and the suprapatellar pouch.
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QUESTION 2: What diagnostic “algorithm” should be used to diagnose infection following 
anterior cruciate ligament reconstruction (ACLR)?

RECOMMENDATION: The “algorithm” to diagnose postoperative infection in patients with ACLR should include clinical presentation, 
serological tests including C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR) and analysis of the synovial fl uid aspirate
including gram staining and culture. 

LEVEL OF EVIDENCE: Moderate

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)

RATIONALE

Postoperative infections following ACLR are rare, occurring in only 
0.14–5.7% of cases [1–5]. As a result, clinical studies are limited and 
have small sample sizes. However, the general consensus is that the 
clinical presentation, laboratory blood tests, (specifi cally (CRP) and 
ESR) and synovial fl uid aspiration analysis are essential for the diag-
nosis of infection after ACLR [6–13]. Magnetic resonance imaging can 
detect joint eff usion, synovitis, edema of adjacent soft tissues and 
bone marrow, bone erosions, sinus tracts and soft tissue abscesses, 
though this has only been reported in one study [14].

Features of the clinical presentation that raise suspicion of infec-
tion include fever, malaise, sudden change in knee pain of moderate 
intensity, local incision drainage, local warmth, local swelling, 
erythema, decreased knee range of motion and inguinal lymph node 
enlargement, though each of these symptoms is not present in all 
cases [8,11,15–17].

Laboratory blood analysis should be included in the diag-
nosis of infection after ACLR. Interpretation of results can be 
challenging, as elevated levels are routinely seen postopera-
tively, (typically peaking by postoperative day three), as a result 
of the surgical trauma [3,7,13,18]. C-reactive protein levels, which 
increase within six to eight hours after infection, have been 
shown to have the highest sensitivity and specifi city. Reported 
average C-reactive protein levels in patients after ACLR with 
knee infection range from 55.8 to 203 mg/L (range, 10-400 mg/L) 
(normal 0-0.5 mg/L) [11,15–17]. ESR levels typically rise within 24 to 
48 hours [19–21]. Average ESR values in patients with knee infec-

tion after ACLR range from 57 to 76 mm/h (range, 9-108 mm/h) in 
the literature (normal 1-10 mm/h) [11,13,15,17,18]. Peripheral white 
blood cell count has also been shown to be elevated in patients 
with postoperative knee infection after ACLR (9.1 to 10.8 x 109/L), 
though this is not a consistent fi nding in the majority of patients 
[13,15,17]. Polymorphonuclear neutrophils (average 71.7%) and 
fi brinogen levels (average 774.7 mg/mL) have also been assessed 
and shown to be elevated in patients with ACLR and postopera-
tive knee infection [13].

Gross inspection of knee joint aspiration commonly reveals 
turbid, yellow-green synovial fl uid.[3] Microbiological analysis of 
synovial fl uid aspirate is the most widely studied diagnostic method 
for septic arthritis [1,6,8,9,19,22,23]. Analysis includes gram staining, 
leukocyte counts, aerobic and anaerobic cultures and antibiotic 
sensitivities [6,13]. Positive leukocyte counts of aspirated knee fl uid 
in knee infections after ACLR have also been reported [average 91,000 
(range 64,000 to 129,000)] [6,11]. Several retrospective studies have 
shown that in most cases synovial fl uid bacterial cultures are posi-
tive to coagulase-negative Staphylococci (Staphylococcus epidermidis), 
Staphylococcus aureus, Streptococcus non-hemolytic, Staphylococcus schle-
iferi, Escherichia coli or Propionibacterium in acute septic arthrosis 
[6,11,13,15,17–19,23,24]. 

Overall, there is consensus that the diagnostic algorithm for 
postoperative knee infection following ACLR should include sudden 
change in history and presentation to include change in knee pain 
profi le, swelling and range of motion, in addition to elevated CRP 
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and ESR blood laboratory test values and synovial fl uid aspirate 
microbiological analysis, though due to the rarity of its occurrence 
and limited number of studies and sample size, the recommenda-
tion is only of moderate strength.
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QUESTION 1: Can arthroscopy be used for management of patients with acute sepsis of the 
native knee joint?

RECOMMENDATION: Yes. Arthroscopy can be used for treatment of acute sepsis of the native knee joint. 

LEVEL OF EVIDENCE: Moderate

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)

RATIONALE

An extensive literature search was conducted to identify all publi-
cations related to the use of arthroscopy for management of acute 
septic arthritis of the native knee. A total of 18 publications were iden-
tifi ed for review and of these, 1 was excluded as the cohort included 
patients with periprosthetic joint infection. Three publications 
were not available despite all att empts to retrieve them. Fourteen 
papers were reviewed in full, including fi ve publications reporting 
results from the pediatric population. There was one randomized 
controlled trial by Peres et al., and the remaining studies were retro-
spective reviews [1]. In the management of septic arthritis of the 
native knee, the two key points to address are successful clearance of 
infection and minimization of complications. The pediatric papers 
have been reviewed separately.

Adults: 

Seven papers compared arthroscopic management with 
arthrotomy and two papers reported only on arthroscopic results. 

Jeff e et al. described successful infection clearance at four 
months with one procedure in 75.8% (25/33) treated with arthros-
copy and 80.9% (38/47) treated with arthrotomy. This diff erence 
was not statistically signifi cant [2]. After further statistical analyses, 
failure in the arthroscopic group was associated with infection 
being caused by methicillin-resistant Staphylococcus aureus (MRSA) 
(fi ve out of eight failures). Similar success rates were reported by 
Balabaud et al. accounting for 72% (16/21) for arthroscopy and 84% 
(16/19) for arthrotomy [3]. Böhler et al. reported signifi cantly lower 
reoperation rates and signifi cantly bett er functional outcomes in 
patients treated arthroscopically. They achieved clearance with one 
procedure in 95.1% (39/41) treated arthroscopically and 79.3% (23/29) 
treated with arthrotomy [4]. Dave et al., with follow-up of up to 7.2 
years, reported success rates of 77.8% (28/36) with arthroscopy and 
60% (6/10) with arthrotomy [5]. They found no relationship between 
using arthroscopy and the need for multiple procedures but they did 
report a statistically signifi cant relationship between the number of 
hours between onset of symptoms and time to index procedure and 
the need for multiple procedures in the group as a whole [5]. 

Wirtz et al. had higher success rates, at 93% (25/27) with arthros-
copy and 83% (20/24) with arthrotomy [6]. A large study by Johns et 
al. found a 2.6 times higher chance of needing further surgery in 
the arthrotomy group, although overall their success rates from the 
primary procedure were lower than other studies with a reported 
success rate of 50% (59/119) for arthroscopy and 29% (12/42) for 
arthrotomy [7].

These results support the use of arthroscopy as the initial treat-
ment, and are backed up by the randomized controlled trial by Peres 

et al. with two-year follow-up reporting 100% (10/10) success rate for 
arthroscopy compared to 82% (9/11) for arthrotomy [1]. However, the 
small sample size, and the low rate of culture positivity (at 47.6%) 
raises concern that some of these patients may have suff ered infl am-
matory conditions and were not truly infected. 

Complications:

Complications other than reoperation were not uniformly 
reported in all papers. On univariate analysis by Bovonratwet et al., 
higher mortality and serious adverse events were associated with 
arthroscopy and higher transfusion rates and minor adverse events 
were encountered after arthrotomy [8]. On multivariate analysis, 
controlled for age and American Society of Anesthesiologists (ASA) 
grade, there was no statistically signifi cant diff erence between the 
risk of all adverse events or readmission. Johns et al. [7] and Böhler 
et al. [4] reported median knee range of motion post-arthroscopy 
being statistically signifi cantly higher, in contrast to other studies 
discussed above. However, they did report pain at 7 and 14 days 
being statistically signifi cantly bett er in the arthroscopy group, 
and reported signifi cantly more local warmth and redness in the 
arthrotomy group at 1 week.

Pediatric Cases:

In the management of pediatric patients with septic arthritis of 
the knee, the results from fi ve retrospective reviews also supported 
the use of arthroscopy. However, positive culture results ranged 
from 48% to 62.5%, when documented. Johns et al. concluded that 
arthroscopy was more successful that arthrotomy in reducing 
return to theatre and regaining knee function earlier. However, 
on long-term follow-up (mean 6.9 years) they found no signifi cant 
diff erence between the groups [7]. Success following the fi rst proce-
dure was reported in 11/11 (100%) for arthroscopy and 8/13 (61.5%) 
following arthrotomy [7]. The other four papers on managing pedi-
atric patients only reported results of arthroscopy. Success rates 
were 54/56 (96%) from Agout et al. [9], 5/5 (100%) from Sanchez and 
Hennrikus [10], 15/16 (93.8%) from Ohl et al. [11] and 16/16 (100%) from 
Stanitski et al. [12].

Complications other than return to operating room were 
reported in all papers, but not uniformly. At 6.9 years of follow-up, 
Johns et al. found no diff erence between the Knee Injury and Osteo-
arthritis Outcome Score (KOOS) and Lysholm scores, range of move-
ment, leg length discrepancy (LLD) and gait between the arthros-
copy and arthrotomy groups [7]. At three weeks follow-up, Ohl et 
al. reported that all patients had resumed normal activities and 
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no abnormalities on radiographs [11]. Agout et al. [9], Sanchez and 
Hennrikus [10] and Stanitski  et al. [12] reported no pain, symmetrical 
range of movement, no radiographic changes and < 5mm of LLD in 
all patients at fi nal follow-up. 
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QUESTION 2: What type of lavage solution should be used in patients with a native knee 
infection being treated with arthroscopy?

RECOMMENDATION: We recommend that high volumes of saline without antibiotics should be used as the arthroscopic lavage solution for 
native knee infection.

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)

RATIONALE

Infection of the native knee can be treated surgically by open or 
arthroscopic methods [1–3]. Arthroscopic lavage techniques have 
been used widely, since the introduction of arthroscopic debride-
ment off ers the benefi ts of smaller incisions, decreased tissue 
damage and lower reinfection rates compared to open methods 
[1–3].  Arthroscopic treatment yields good to excellent results, though 
there are a limited number of comparative studies in the literature 
(many with small sample sizes) [1–10]. Irrigation aids in the removal 
of debris and decreases the intra-articular concentration of chondro-
lytic enzymes bett er than needle aspiration alone [11,12]. 

There is a general consensus in the literature supporting high-
volume (10 to 15 L) arthroscopic lavage with saline combined with 
intravenous antibiotics both in pediatric and adult patients for 
septic arthritis [1,3,9,10,13–25]. Based on microbiological fi ndings, 
lavage plus intravenous antibiotics appears suffi  cient to eradicate 
Staphylococcus aureus, the most common cause of septic arthritis of 
the native knee [7]. Two studies with larger patient numbers support 
saline irrigation without intra-articular antibiotics as the lavage 
solution of choice [2,7]. A large number of other studies described 
using saline lavage solution for arthroscopic treatment of knee 
sepsis, with an average volume of 10.1 L [6,9,17,18,20,22,26–30]. Shinjo 
et al. compared the eff ects of two common arthroscopic irrigation 
solutions on meniscus tissue cells, and demonstrated that Ringer’s 
lactate solution bett er maintained human meniscus cell integrity 
than the isotonic saline [31].

Additionally, there is a lack of agreement on the use of intra-
articular antibiotics despite their frequent use during arthroscopic 
treatment of infected native knees in clinical practice without 

recommendation, thus warranting further investigation [32,33]. 
While some are proponents of intra-articular antibiotics, others 
are concerned about resultant chemical synovitis and potential 
chondral toxicity, not mentioning the risk of increasing antibiotic 
resistance [5,34,35]. Only one study by McAllister et al. specifi cally 
described using an antibiotic-loaded Ringer’s lactate solution during 
arthroscopic treatment of four postoperative septic knees following 
anterior cruciate ligament reconstruction. The antibiotic name was 
not mentioned, but they reported a 100% eradication rate for infec-
tion [17]. The use of continuous irrigation-suction drains with antibi-
otics added to the irrigation solution has been both supported and 
refuted in the literature [4,5,34,36–38]. Some studies support the use 
of continuous suction irrigation drains with saline, whereas others 
caution against their use due to concerns of secondary infection 
[2,4–7,13,14,14,14,34,36,39]. 

In conclusion, other than saline, there is limited data to support 
the use of other arthroscopic lavage fl uids for treatment of native 
knee infections and further comparative clinical studies are needed. 

REFERENCES
[1] Travers V, Norott e G, Roger B, Apoil A. [Treatment of acute pyogenic arthritis 

of large joints of the limbs. Apropos of 79 cases]. Rev Rhum Mal Osteoartic. 
1988;55:655–660.

[2] Stutz G, Kuster MS, Kleinstück F, Gächter A. Arthroscopic management of 
septic arthritis: stages of infection and results. Knee Surg Sports Traumatol 
Arthrosc. 2000;8:270–274. doi:10.1007/s001670000129.

[3] Johns BP, Loewenthal MR, Dewar DC. Open compared with arthroscopic 
treatment of acute septic arthritis of the native knee. J Bone Joint Surg Am. 
2017;99:499–505. doi:10.2106/JBJS.16.00110.

[4] Jackson RW, Parsons CJ. Distension-irrigation treatment of major joint 
sepsis. Clin Orthop Relat Res. 1973:160–164.



Section 3   Treatment 905

[5] Gainor BJ. Instillation of continuous tube irrigation in the septic knee at 
arthroscopy. A technique. Clin Orthop Relat Res. 1984:96–98.

[6] Shukla A, Beniwal SK, Sinha S. Outcome of arthroscopic drainage and 
debridement with continuous suction irrigation technique in acute septic 
arthritis. J Clin Orthop Trauma. 2014;5:1–5. doi:10.1016/j.jcot.2014.01.004.

[7] Aïm F, Delambre J, Bauer T, Hardy P. Effi  cacy of arthroscopic treatment for 
resolving infection in septic arthritis of native joints. Orthop Traumatol 
Surg Res. 2015;101:61–64. doi:10.1016/j.otsr.2014.11.010.

[8] Wirtz DC, Marth M, Miltner O, Schneider U, Zilkens KW. Septic arthritis of 
the knee in adults: treatment by arthroscopy or arthrotomy. Int Orthop. 
2001;25:239–241.

[9] Indelli PF, Dillingham M, Fanton G, Schurman DJ. Septic arthritis in post-
operative anterior cruciate ligament reconstruction. Clin Orthop Relat Res. 
2002:182–188.

[10] Wang C, Ao Y, Wang J, Hu Y, Cui G, Yu J. Septic arthritis after arthroscopic 
anterior cruciate ligament reconstruction: a retrospective analysis of inci-
dence, presentation, treatment, and cause. Arthroscopy. 2009;25:243–249. 
doi:10.1016/j.arthro.2008.10.002.

[11] Lane JG, Falahee MH, Wojtys EM, Hankin FM, Kaufer H. Pyarthrosis of the 
knee. Treatment considerations. Clin Orthop Relat Res. 1990:198–204.

[12] Sharff  KA, Richards EP, Townes JM. Clinical management of septic arthritis. 
Curr Rheumatol Rep. 2013;15:332. doi:10.1007/s11926-013-0332-4.

[13] Schollin-Borg M, Michaëlsson K, Rahme H. Presentation, outcome, and 
cause of septic arthritis after anterior cruciate ligament reconstruction: a 
case control study. Arthroscopy. 2003;19:941–947.

[14] Monaco E, Maestri B, Labianca L, Speranza A, Vadalà A, Iorio R, et al. Clinical 
and radiological outcomes of postoperative septic arthritis after anterior 
cruciate ligament reconstruction. J Orthop Sci. 2010;15:198–203. doi:10.1007/
s00776-009-1447-3.

[15] Reagan F, McInerny K, Treadwell V, Zarins J, Mankin J. Irrigating solutions 
for arthroscopy. A metabolic study. J Bone Joint Surg. 1983;65:629–631. 
doi:10.2106/00004623-198365050-00007.

[16] Burks RT, Friederichs MG, Fink B, Luker MG, West HS, Greis PE. Treatment of 
postoperative anterior cruciate ligament infections with graft removal and 
early reimplantation. Am J Sports Med. 2003;31:414–418. doi:10.1177/03635465
030310031501.

[17] McAllister DR, Parker RD, Cooper AE, Recht MP, Abate J. Outcomes of post-
operative septic arthritis after anterior cruciate ligament reconstruction. 
Am J Sports Med. 1999;27:562–570. doi:10.1177/03635465990270050301.

[18] Judd D, Bott oni C, Kim D, Burke M, Hooker S. Infections following 
arthroscopic anterior cruciate ligament reconstruction. Arthroscopy. 
2006;22:375–384. doi:10.1016/j.arthro.2005.12.002.

[19] Williams RJ, Laurencin CT, Warren RF, Speciale AC, Brause BD, O’Brien 
S. Septic arthritis after arthroscopic anterior cruciate ligament recon-
struction. Diagnosis and management. Am J Sports Med. 1997;25:261–267. 
doi:10.1177/036354659702500222.

[20] Abdel-Aziz A, Radwan YA, Rizk A. Multiple arthroscopic debridement and 
graft retention in septic knee arthritis after ACL reconstruction: a prospec-
tive case-control study. Int Orthop. 2014;38:73–82. doi:10.1007/s00264-013-
2123-y.

[21] Barker JU, Drakos MC, Maak TG, Warren RF, Williams RJ, Allen AA. Eff ect 
of graft selection on the incidence of postoperative infection in ante-
rior cruciate ligament reconstruction. Am J Sports Med. 2010;38:281–286. 
doi:10.1177/0363546509346414.

[22] Fong SY, Tan JL. Septic arthritis after arthroscopic anterior cruciate liga-
ment reconstruction. Ann Acad Med Singap. 2004;33:228–234.

[23] Zalavras CG, Patzakis MJ, Tibone J, Weisman N, Holtom P. Treatment of 
persistent infection after anterior cruciate ligament surgery. Clin Orthop 
Relat Res. 2005;439:52–55.

[24] Stanitski S, Stanitski CL. Arthroscopy in acute septic knees. Management in 
pediatric patients. Clin Orthop Relat Res. 198904:209–212.

[25] Agout C, Lakhal W, Fournier J, de Bodman C, Bonnard C. Arthroscopic treat-
ment of septic arthritis of the knee in children. Orthop Traumatol Surg Res. 
2015;101:S333–S336. doi:10.1016/j.otsr.2015.09.007.

[26] Kim HJ, Lee HJ, Lee JC, Min SG, Kyung HS. Evaluation of infection after ante-
rior cruciate ligament reconstruction during a short period. Knee Surg 
Relat Res. 2017;29:45–51. doi:10.5792/ksrr.16.019.

[27] Schuster P, Schulz M, Immendoerfer M, Mayer P, Schlumberger M, Richter J.
Septic arthritis after arthroscopic anterior cruciate ligament reconstruc-
tion: evaluation of an arthroscopic graft-retaining treatment protocol. Am J 
Sports Med. 2015;43:3005–3012. doi:10.1177/0363546515603054.

[28] Torres-Claramunt R, Pelfort X, Erquicia J, Gil-González S, Gelber PE, Puig L, 
et al. Knee joint infection after ACL reconstruction: prevalence, manage-
ment and functional outcomes. Knee Surg Sports Traumatol Arthrosc. 
2013;21:2844–2849. doi:10.1007/s00167-012-2264-3.

[29] Van Tongel A, Stuyck J, Bellemans J, Vandenneucker H. Septic arthritis 
after arthroscopic anterior cruciate ligament reconstruction: a retrospec-
tive analysis of incidence, management and outcome. Am J Sports Med. 
2007;35:1059–1063. doi:10.1177/0363546507299443.

[30] Kuo CL, Chang JH, Wu CC, Shen PH, Wang CC, Lin LC, et al. Treatment of 
septic knee arthritis: comparison of arthroscopic debridement alone or 
combined with continuous closed irrigation-suction system. J Trauma. 
2011;71:454–459. doi:10.1097/TA.0b013e3181ec4734.

[31] Shinjo H, Nakata K, Shino K, Hamada M, Nakamura N, Mae T, et al. Eff ect 
of irrigation solutions for arthroscopic surgery on intraarticular tissue: 
comparison in human meniscus-derived primary cell culture between 
lactate Ringer’s solution and saline solution. J Orthop Res. 2002;20:1305–1310. 
doi:10.1016/S0736-0266(02)00062-1.

[32] Kruckenhauser EM, Nogler M, Coraça-Huber D. Use of lavage fl uids in 
arthroplasty to prevent postoperative infections. Drug Res (Stutt g). 
2014;64:166–168. doi:10.1055/s-0033-1354367.

[33] Tejwani N, Immerman I. Myths and legends in orthopaedic practice: are we 
all guilty? Clin Orthop Relat Res. 2008;466:2861–2872. doi:10.1007/s11999-008-
0458-2.

[34] Parisien JS, Shaff er B. Arthroscopic management of pyarthrosis. Clin Orthop 
Relat Res. 1992:243–247.

[35] Argen RJ, Wilson CH, Wood P. Suppurative arthritis: clinical 
features of 42 cases. Arch Intern Med. 1966;117:661–666. doi:10.1001/
archinte.1966.03870110053011.

[36] Jackson RW. The septic knee--arthroscopic treatment. Arthroscopy. 
1985;1:194–197.

[37] Ivey M, Clark R. Arthroscopic debridement of the knee for septic arthritis. 
Clin Orthop Relat Res. 1985:201–206.

[38] Smith MJ. Arthroscopic treatment of the septic knee. Arthroscopy. 
1986;2:30–34.

[39] Tsumura H, Ikeda S, Torisu T. Debridement and continuous irrigation for 
the treatment of pyogenic arthritis caused by the use of intra-articular 
injection in the osteoarthritic knee: indications and outcomes. J Orthop 
Surg (Hong Kong). 2005;13:52–57. doi:10.1177/230949900501300109.

•    •    •    •    •
Authors: Carl Haasper, Christopher Hadley

QUESTION 3: Should a synovectomy routinely be performed during arthroscopic treatment of 
an acute infection following anterior cruciate ligament reconstruction (ACLR)?

RECOMMENDATION: No. Total or partial synovectomy should be reserved for cases of severe or chronic infection.

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)

RATIONALE 

According to Gaechter and the proposed classifi cation, the synovial 
membrane serves as a natural barrier in infection [1,2]. As a result, a 
primary synovectomy should be avoided in acute infections except 
for later stages [1,2]. The four stages of joint infection described by 
Gaechter were:

Stage I:  Synovitis, turbid fl uid, possible petechiae 

Stage II:  Fibrin clots, franc pus 

Stage III:  Thickening of the synovial membrane (up to several 
centimeters), multiple pouches due to adhesions 

Stage IV:  Pannus. Aggressive synovitis, radiographically visi-
ble changes, subchondral erosions 
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Klein et al. suggested a stage-oriented therapy for the treatment 
of bacterial joint infections in 1989, based on three stages of infec-
tion, which largely coincided with the stages I to III according to 
Gaechter [3]. 

An extensive irrigation of the joint and removal of all hematoma, 
fi brin deposits and partial synovectomy should be performed when 
synovitis is present [4,5]. In the presence of cartilage erosions in the 
joint or additional septa, a subtotal synovectomy is recommended 
[3]. Other studies advocate for a synovectomy during the fi rst irriga-
tion and debridement procedure, with fair results [6,7]. Zalavras et 
al. reported a successful outcome following a complete synovectomy 
[8]. More recent papers again recommend a synovectomy only in 
stages III and IV [9]. 

Prompt recognition of an infection and intervention with irri-
gation and debridement alone can prevent the need to remove liga-
ment grafts and hardware. Therefore, a synovectomy should not 
be routinely performed during arthroscopic treatment of an acute 
infection following ACLR. However, this issue has not been well 
studied, and further studies are needed to address the infl uence of 
synovectomy in the management of infected ACLR. 
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QUESTION 4: Should the graft and all hardware be removed in the treatment of patients with an 
acute infection following anterior cruciate ligament reconstruction (ACLR)?

RECOMMENDATION: The initial approach to an acute infection following ACLR should be arthroscopic irrigation and debridement, retention of 
a stable graft and hardware and intravenous antibiotic therapy.

LEVEL OF EVIDENCE: Moderate

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)

RATIONALE

The incidence of septic arthritis after anterior cruciate ligament 
(ACL) surgery is low (0.14 to 2.25%) [1]. In acute postoperative infec-
tions, graft and hardware removal versus retention remains contro-
versial with the goal being to eradicate the infection, preserve the 
articular cartilage and retain a functioning graft.

A prospective study by Abdel-Aziz et al. analyzed 2,560 ACL 
procedures with 24 cases of septic arthritis, with a mean follow-up 
of fi ve years. In all patients, arthroscopic surgical debridement was 
performed (average three procedures), followed by intravenous anti-
biotic treatment. In all 24 cases, infection was eradicated with this 
protocol. No functional diff erences were found compared to control 
group according to Lysholm, International Knee Documentation 
Committ ee (IKDC) and Knee Injury and Osteoarthritis Outcome 
Score (KOOS) ratings [2]. Likewise, Schuster et al. reviewed more than 
7,000 ACLRs, identifying a total of 36 cases of acute postoperative 
infections. The graft was retained in all but one case (97.2%) with a 
mean of 2.25 (+/-1.22 SD) procedures required to treat the infection [3].

In a meta-analysis, Kuršumović et al. reported a success rate of 
85% for graft retention and infection eradication [4]. They analyzed 
16 studies with a total of 147 knee infections after ACLR. Increased 
rates of failure were seen in cases with persistent infection requiring 
subsequent procedures, from 4.4% with one arthroscopic debride-
ment, to 11.4% with two procedures, or 25% with more than three 
surgeries [4]. In a similar systematic review, Makhni et al. analyzed 19 

studies with a total of 203 cases of septic arthritis following ACLR and 
reported a success rate with graft retention of 78% [5].

Wang et al. also demonstrated success after serial irrigation 
and debridement and intravenous antibiotics. In addition, they 
demonstrated a greater graft retention rate when infection was diag-
nosed and treated immediately (< 7 days) suggesting a crucial time 
constraint to treatment [1].

Therefore, the data suggests that the initial approach to acute 
postoperative infection after ACLR should be to att empt to retain 
the graft and hardware. However, there are cases in which removal 
should be considered, which may include presence of gross puru-
lence, when infection is resistant to multiple irrigations and debride-
ment, possible bony involvement of the tibia or femur and/or a non-
functional graft [6,7].
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QUESTION 5: How many arthroscopic procedures are reasonable for the management of an 
infected anterior cruciate ligament reconstruction (ACLR)  prior to considering graft and hard-
ware removal?

RECOMMENDATION: Prior to considering stable graft and hardware removal, at least two arthroscopic procedures are reasonable for the 
management of an infected ACLR. There is evidence for successful treatment and graft retention with further arthroscopic procedures.

LEVEL OF EVIDENCE: Moderate

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)

RATIONALE

Septic arthritis after arthroscopic ACLR is rare with an overall 
frequency to be around 1% [1–4]. However, when it does occur, it is 
a potentially serious event with possible sequelae of osteomyelitis, 
arthrofi brosis and damage to the articular cartilage leading to osteo-
arthritis [5–7]. Although a rare occurrence, surgeons who routinely 
perform this procedure are likely to encounter this complication 
during their career [8].

Repeated arthroscopic lavage is part of the algorithm to treat 
infection after ACLR [4]. The number of arthroscopic procedures 
necessary is guided by clinical and laboratory progression as well as 
organism virulence and patient-related factors such as age and pre-
existent comorbidities [3,9]. In a study by Bostrom Windhamre et 
al., patients suff ering from septic arthritis after ACLR underwent a 
mean of 3.7 interventions (range 1 to 11) [10]. Arthroscopic lavage was 
repeated if the patient had persistent fever, swelling and a C-reactive 
protein level greater than 50 mg/L. In a study of 90 cases of septic 
arthritis after ACLR conducted by Saper et al., arthroscopic irrigation 
and debridement was performed in 95.5% (86/90) of cases with an 
average of 1.51 procedures [2]. 

According to Abdel-Aziz et al., a median of three (range 1 to 6) 
repeated arthroscopic debridement and synovectomy procedures 
were required to eradicate infection [3]. In another study by Schulz 
et al., irrigation and debridement successfully treated the infection 
with a mean of 2.2 procedures with no recurrences of septic arthritis 
or bone infection [11]. Kim et al. presented 146 patients producing 
111 (78.1%) positive intraoperative cultures. Staphylococcus epi dermidis 
was identifi ed in 46 knees (41.4%) with Staphylococcus aureus found 
as the second most common organism and presented in 38 knees 
(34.2%) with infec tion after ACLR [12]. This report diff ers from the 
previous general consensus that Staphylococcus aureus was the most 
commonly reported organism in ACLR infection [9]. 

In their study of 147 patients with infections of the knee, Wang 
et al. noted that coagulase-negative Staphylococcus (CNS) was the 
most common pathogen and represented 45.6% of the infections. 
Staphylococcus aureus was second most common and was reported to 
cause 23.8% of the infections [7]. The virulence of the infective organ-
isms can aff ect the course of treatment, but the age of the patient 
appears to have some bearing on the outcome and the number of 
arthroscopic procedures required to control the infection. Mouzo-
poulos et al. reported that patients over the age of 25 years required, 

on average, 1.12 more procedures to control infection compared to 
patients under the age of 25 [9]. 

Immediate arthroscopic lavage and debridement should be 
followed by six to eight weeks of intravenous antibiotic therapy, 
and then two to four weeks of oral antibiotics. In cases of persistent 
infection, repeat arthroscopy is recommended, but serious consid-
eration for graft removal should be considered [9]. In patients 
with a retained graft, McAllister et al. reported that an average of 
2.75 procedures were needed to sterilize the knee joint [5]. Graft 
retention is important, as 30% of patients with the graft retained 
following surgery experienced knee instability compared to 65% 
of patients who had their graft removed [11,13]. Early diagnosis of 
infection is critical, as the literature has reported that infection 
diagnosed within seven days post-ACL reconstruction has a higher 
rate of graft salvage than those infections diagnosed beyond seven 
days post-op [7]. Furthermore, graft retention following infection 
after ACLR is a viable procedure with a reported overall success rate 
of 85% [14].

Upon reviewing the literature, it was found that at least two 
arthroscopic treatments are needed to control infection after 
ACLR and prior to graft and hardware removal. Despite the lack 
of randomized clinical trials, several retrospective studies have 
reported that arthroscopic lavage and debridement for infection 
following ACLR is an eff ective therapeutic intervention to mini-
mize the severity of sequelae, including osteoarthritis, osteomy-
elitis and arthrofi brosis [5].
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QUESTION 6: How many arthroscopic procedures are reasonable for the management of an 
infected anterior cruciate ligament reconstruction (ACLR) prior to considering arthrotomy?

RECOMMENDATION: It is reasonable to treat acute infection of the knee following ACLR with arthroscopic debridement, repeating the arthros-
copy up to six times, if necessary. The use of arthrotomy in the management of infected anterior cruciate ligament (ACL) cases is not well defi ned.

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)

RATIONALE

Infection following ACLR is rare but can be a potentially devastating 
complication. However, if early appropriate surgical intervention 
is performed, the functional outcome may be comparable to non-
infected cases of ACLR [1].

Historically, septic arthritis of the native knee was treated with 
open debridement and varying degrees of synovectomy, as described 
by Ballard et al. [2]. More recently, Riel et al. demonstrated arthro-
scopic irrigation and debridement with good results and since then, 
they have become a routine treatment option for an infected ACLR 
[3]. Several subsequent studies have described arthroscopic debride-
ment as the initial treatment of choice for the management of septic 
arthritis of the knee [4]. 

Makhni et al. conducted a systematic review on functional 
outcomes following surgical treatment of the infected knee 
following ACLR. The studies included in the analysis demonstrated 
that up to six arthroscopic procedures were performed for the reso-
lution of infection and symptoms [4]. 

Böstrom et al. examined outcomes following infected ACLRs. 
They described a standard treatment protocol of repeated arthro-
scopic debridements, with a mean of 3.7 procedures per patient, 
although the range was wide (1 to 11 procedures) in all patients [5]. 
Another systematic review by Saper et al. concluded that arthro-
scopic debridement with graft retention is an eff ective treatment of 
infection following ACLR. The mean number of arthroscopic proce-
dures per patient in these studies was 1.5 (range, 1 to 4) [6].

Interestingly, Petersen et al. used a treatment approach 
according to the Gaechter classifi cation system. In their study, 
they reported complete resolution of infection following ACLR 
in all patients without arthrotomy. For Gaechter stage I and II 
patients, the mean number of arthroscopic debridement’s was 
2.5, while in stage III patients it was 3.4. There were no stage IV 
patients reported [7]. Similarly, Gille et al. utilized a treatment 
algorithm based on the stage of infection according to Gaechter 
[8]. In patients with stage III or IV infections, medial and lateral 

arthrotomy with near total synovectomy was performed after 
initial arthroscopy.

Torres-Claramunt et al. reported mean of 1.3 (standard deviation 
= 0.6) arthroscopic debridements in their study, and one patient 
required three procedures. The authors recommended repeated 
arthroscopic debridement, usually after 48 to 72 hours, if clinical and 
laboratory parameters do not improve [9]. Abdel Aziz et al. exam-
ined 24 patients with an infected ACLR, who required between 1 and 
6 arthroscopic debridements before achieving complete resolution 
of infection [10]. 

The literature on the number of arthroscopic procedures 
needed prior to arthrotomy for an infected ACLR is sparse. Never-
theless, studies have shown that repeated arthroscopic procedures 
can give good results, although the number of procedures required 
varies. As a consequence, there may be no need to treat an infected 
ACLR with arthrotomy in most cases. However, in more severe and 
neglected cases (Gaechter stage IV), arthrotomy should be consid-
ered after initial arthroscopic evaluation of the joint.
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QUESTION 7: What is the optimal duration of antibiotic treatment after surgical debridement 
of an infected anterior cruciate ligament reconstruction (ACLR)? Should this be altered when 
autograft or allograft is retained?

RECOMMENDATION: Following surgical debridement of an infected anterior cruciate ligament (ACL), antibiotic treatment should be adminis-
tered for four to six weeks and can be discontinued upon resolution of clinical signs and normalization of laboratory parameters. The available 
literature does not diff erentiate between retention or removal of autograft or allograft.

LEVEL OF EVIDENCE: Consensus

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)

RATIONALE

ACLR surgery is an anatomically complex procedure with high 
success rates and low infection rates [1–3]. Nevertheless, the onset 
of an infection after reconstructive ACL surgery is a devastating 
complication that can cause, in a short period of time, a progressive 
degeneration of the articular cartilage, graft failure and loss of func-
tion of the knee [1–3]. A prompt diagnosis and correct management 
might reduce or even prevent these unfavorable outcomes [4]. The 
incidence of infection following ACLR ranges from 0.14% to 1.8% [5–8].

Arthroscopic debridement followed by antibiotic treatment is 
the preferred therapeutic approach in aiming to control the infec-
tion and save the graft. Indeed, satisfactory functional outcomes 
are achieved in several cases of septic arthritis following ACLR with 
a graft salvage rate of about 85% [9]. However, persistent infection, 
despite multiple arthroscopic debridements, requires graft removal 
and subsequent ACL revision surgery at a later stage [9]. The duration 
and the route of administration of antibiotic therapy, in particular 
when to switch from intravenous (IV) to enteral administration, 
remain controversial [4]. 

Even though the duration of antibiotic treatment can vary 
between 4 and 14 weeks, most authors agree that it should be admin-
istered for no less than 6 weeks [4,10–12]. IV administration is prefer-
able for the fi rst two to three weeks [3,8,13]. However, the microor-
ganism cultured and the antibiogram together with the postopera-
tive clinical and laboratory parameters dictate the precise duration 
of antibiotic treatment [14].

In a systematic review, Wang et al. [15] evaluated 17 articles that 
fulfi lled the inclusion criteria of septic arthritis following �ACLR. The 
authors found that the arthroscopic debridement with graft reten-
tion and IV antibiotics was the treatment of choice for infected ACLR 
in most studies, with delayed diagnosis and treatment being the 
greatest risk factors for graft removal and articular cartilage damage. 
Indeed, out of 176 patients included in all the studies, 86.9% (153/175) 
underwent arthroscopic debridement for septic arthritis. IV antibi-
otics were continued for an average period of 29.7 days [15]. IV anti-
biotics for an average of four to six weeks was recommended, which 
might then be changed to oral antibiotics as soon as the C-reactive 

protein (CRP) levels drop to nearly normal values (< 1 mg/mL) 
[3,10,11]. Oral antibiotics were then administrated for at least another 
14 days until the CRP returned to normal [15].

Out of 176 patients present in all studies, 18.75% (33/175) under-
went graft removal, but the optimal duration of antibiotic treatment 
was not clearly reported. In two studies, the revision surgery was 
performed 12 months or later after the infection had resolved [16,17]. 
However, in another study by Burks et al. the revision ACLR was 
performed within six weeks after the completion of the antibiotic 
therapy and after the laboratory values had returned to normal [18].

Mouzopoulos et al. [19] proposed the basic management 
protocol with graft retention based on IV antibiotic therapy over at 
least four weeks followed by oral antibiotic for two to four  weeks. An 
extended IV antibiotic therapy was given only in patients who needed 
more arthroscopic lavages. However, the therapeutic management 
in case of graft removal or retention is not well distinguished.

Gobbi et al. [20] stated that serial arthroscopic lavages and IV 
antibiotics with graft retention remain the most eff ective treat-
ment protocol, starting with empirical therapy at the time of 
presentation. IV antibiotics switch to culture-sensitive oral anti-
biotics as soon as the CRP levels have nearly normalized (< 1 mg/
mL) for six weeks, or until normalization of clinical and laboratory 
parameters. The average duration of IV antibiotics ranges from 
17.3 days to six weeks, followed by oral administration for up to 3.2 
months [2,3,7,8,11,13,21–23].

Shuster et al. [24] created a detailed treatment algorithm in 
which the graft is preserved as long as possible. However, graft 
removal is considered in persistent infections after multiple revi-
sions, in loosened fi xation or in graft insuffi  ciency. In patients 
undergoing debridement and irrigation, a chain of antibiotic 
(gentamicin) loaded beads was inserted, protruding through the 
wound to allow stepwise removal within approximately one week. 
Empiric antibiotic therapy (cephalosporin I or II combined with an 
aminoglycoside, clindamycin or rifampicin) is started and antibi-
otic treatment is re-evaluated every day and changed according to 
microbiological testing, if necessary. When patients show clinical 
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improvement over fi ve to six days with consistent and substantial 
decreases in CRP levels, they are discharged with oral therapy and 
weekly follow-up examinations. The duration of antibiotic therapy 
is based on the individual course of each patient and antibiotic 
therapy is terminated when CRP levels are within normal range 
(< 5 mg/L) [25]. The mean duration of inpatient treatment was 
16.5 ± 8.2 days (range, 4  to 45 days). The mean duration of antibi-
otic treatment was 5.4 ± 2.3 weeks (range, 2.1 to 12.9 weeks). In 13 
patients (36%), the duration of antibiotic treatment was < 4 weeks. 
A maximum of two arthroscopic irrigation and debridement 
procedures (mean, 1.46 ± 0.52) was necessary for eradication of the 
infection in these patients [25].

The available evidence does not allow for drawing a conclusive 
recommendation regarding the optimal duration of antibiotic 
treatment after surgical debridement for infected ACLR. However, 
the literature suggests that antibiotic treatment should be followed 
for four to six weeks and continued until clinical conditions are 
improved. Moreover, the literature is still controversial on the dura-
tion of antibiotic treatment in case of graft and hardware retention 
or removal, focusing mainly on the former case. Furthermore, most 
of the authors do not diff erentiate between autograft and allograft, 
considering and treating them in the same manner.
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QUESTION 8: Should the rehabilitation protocol be modifi ed after surgical debridement of an 
infected  anterior cruciate ligament reconstruction (ACLR)? If yes, what changes should be made 
with regards to range of motion and weightbearing status?

RECOMMENDATION: We recommend that rehabilitative treatment after surgical debridement of an infected ACLR with graft retention should 
not diff er substantially from primary reconstruction; it should be focused on preventing stiff ness and regaining motion through passive and 
active-assisted range of motion exercises before progressing.

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)
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RATIONALE

The development of an infection after ACLR can have signifi cant 
complications including loss of articular cartilage, graft failure and 
loss of knee function [1–3]. Although there is wide agreement that 
treatment must be initiated as early as possible, several diff erent 
treatment algorithms have been proposed [4–7]. With regards to the 
postoperative treatment, there are no studies directly focusing on 
rehabilitation protocols. 

While it is well-established that a graded knee-strengthening 
program (including quadriceps and hamstrings strengthening) 
has to be started within the fi rst postoperative days [4,8–11], there is 
no agreement regarding weightbearing status and range of motion 
parameters. 

Rehabilitative treatment after surgical debridement of an 
infected ACLR does not diff er substantially from primary recon-
struction. It should be focused on preventing stiff ness and regaining 
motion through passive and active-assisted range of motion exer-
cises. 

There are no studies suggesting an altered rehabilitation 
protocol in the sett ing of a postoperative infection. Monaco et al. 
[10] suggest the use of a brace locked in extension for two weeks, 
followed by a progressive increase in the range of movement and 
muscular strength. Alternatively, many authors allow immediate 
full range of movement under the supervision of a physical thera-
pist [7,11]. Indelli et al. [12] and Wang et al. [3] recommend starting 
rehabilitation only after complete resolution of symptoms, and 
suggest only passive motion of the knee and the ankle in the mean-
time.

There is a lack of consensus on weightbearing status after treat-
ment of an ACL infection. Torres-Claramunt et al. [4,13] suggest 
starting a strengthening program two weeks after surgery with 
progressive weightbearing after symptoms decrease. Likewise, 
weightbearing was gradually increased until resolution of symp-
toms in the rehabilitation protocol developed by Hantes et al. [14]. 

However, McAllister et al. [15] and Schub et al. [16], suggest beginning 
the weightbearing six weeks after surgery. 

Overall, there is a lack of evidence to support a standardized 
approach to rehabilitation after the surgical debridement of an 
infected ACLR. High-quality controlled trials are needed to provide 
guidelines for this rare and diffi  cult complication.
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QUESTION 9: When can patients safely undergo revision anterior cruciate ligament 
reconstruction (ACLR) following treatment for prior infection?

RECOMMENDATION: It is considered safe to perform a revision ACLR following completion of successful treatment for infection and normaliza-
tion of clinical and laboratory parameters upon resolution of the infection. The literature does not suggest a specifi c timeframe following resolu-
tion of the infection prior to performing revision ACLR.

LEVEL OF EVIDENCE: Consensus 

DELEGATE VOTE: Agree: 92%, Disagree: 0%, Abstain: 8% (Super Majority, Strong Consensus)

RATIONALE

Infection following ACLR is rare, with a reported incidence of 
0.14% to 2.25% [1,2]. When infection does occur, there are potentially 

signifi cant consequences, particularly regarding patient outcomes 
[3]. Following allograft ACLR, there is a well-known risk of disease 
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transmission, although a recent literature review found no diff er-
ence in infection rates between autograft and allograft ACL recon-
structions [4,5].

Graft retention following an infected ACLR is a viable option, 
as a recent meta-analysis and systematic review reported a success 
rate of 85% [2]. Matava et al. surveyed 61 orthopaedic surgeons and 
found that graft removal was not popular as the initial treatment, 
with only 6% and 33% of respondents removing the autograft and 
allograft following ACLR infection, respectively. However, in cases 
of persistent infection, 36% of surgeons removed the graft as part of 
their treatment regimen [6]. The same survey showed that the most 
common time frame for revision surgery was a minimum of 6 to 9 
months (range, 3 to 15 months) after eradication of the infection [6]. 

Despite successful outcomes with graft retention, graft removal 
and revision ACLR remains the preferred method for some surgeons 
following infection [7]. In a retrospective review, Burks et al. reported 
on 8 infections out of 1,918 ACL reconstructions. Seven of these were 
treated with immediate irrigation and debridement with subse-
quent graft removal and administration of intravenous antibiotics 
for six weeks. Of those, four successfully underwent revision ACLR at 
a mean of three weeks (range one to six weeks) after completing anti-
biotic treatment [7]. In another systematic review and expected value 
decision analysis of 19 studies, revision ACLR, within 3 to 6 weeks after 
the infection, was shown to have promising results [8]. Gille et al. 
prospectively studied 31 patients with ACL infection where the graft 
was salvaged in 8 patients (26 %) and removed in 12 patients (39 %).
 Only two patients underwent revision ACLR at six and eight months 
post infection [9]. 

Williams et al. reported on 2,500 ACLRs with 7 infections: 
the graft was removed in 4 cases. One of these cases underwent 
successful revision ACLR one year later [10]. In a retrospective 
review of 3,500 ACL reconstructions, Indelli et al. identifi ed 6 infec-
tions treated with arthroscopic debridement of which 2 grafts were 
removed, culminating in 1 revision ACLR and 1 total knee arthro-
plasty (TKA) a year later [11]. Furthermore, another study reported 
one patient treated with initial graft removal and successful revi-
sion ACL surgery one year after treatment [12]. Zalavras et al. also 
described a series of fi ve infected ACL reconstructions treated with 
radical debridement and graft removal. Two patients had further 
procedures: 1 revision ACL reconstruction 14 months later and 
1 TKA nine months later [13].

Hantes et al. reported 7 infected cases in a series of 1,242 ACL 
reconstructions. One patient did well with irrigation and debride-
ment and six had a recurrence of infection, requiring subsequent 
graft and hardware removal. These patients were off ered subse-
quent revision ACLR and graft reimplantation three months after 
the last operation. Four of the six patients underwent revision with 
ipsilateral bone patellar tendon bone autograft at an average of 
fi ve months (range four to nine) post eradication of infection. The 
authors recommend revision ACLR after eradication of the infection 

for at least three months, with normal knee motion, no knee eff usion 
and normal laboratory values [14]. 

Despite the lack of randomized clinical trials, there are several 
retrospective studies with low numbers of revision ACLR following 
treatment for prior infection. There is no consensus on the appro-
priate timing of revision reconstruction, with a reported range of 
three weeks to over a year. In general, it seems appropriate to delay 
surgery for a minimum of six weeks, but waiting three to six months 
post-eradication of infection may be optimal. Importantly, criteria 
such as normal knee motion, lack of knee eff usion and normal labo-
ratory markers must be considered before proceeding. 
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