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Abstract

Purpose: The purpose of this study was to review and summarize the literature and suggest the probable
most effective protocol in the management of post anterior cruciate ligament reconstruction (ACLR) infection.
Methods: We reviewed 16 studies (Level 1- Level 4) published between January 2000 and December 2013,
by a thorough search in PUBMED, MEDLINE and EMBASE databases.

Results: There were 246 cases of infection amongst 35,795 ACLR making the proportion of infection 0.68%
(range- 0.14-2.6%). The mean time of onset of infection from index surgery was between 7.5 days to 32 days.
The most common organism was Coagulase-negative Staphylococci (CNS) followed by Staphylococcus Aureus.
Optimal outcome was reported in most studies using serial arthroscopic lavage and intravenous antibiotics
with graft retention as a prime protocol.

Conclusion: Septic arthritis after ACLR is a rare and disastrous complication which can be successfully

managed by early diagnosis and arthroscopic debridement with a proper protocol.

Level of Evidence: Review Article; Level 4.

Introduction

Infection after anterior cruciate
ligament reconstruction (ACLR) is relatively
uncommon!-18, However, it comes as a
disaster due to its devastating consequences
such as graft failure, arthrofibrosis, articular
cartilage loss, or may even require graft
removal.1419.20 According to an ongoing
study in the United States, the incidence of
ACL injury is roughly one in 3,000 people
per year and an estimated 200,000 ACLR are
performed annually.?! Most of the intra-
articular post-ACLR knee infections are
acute (< 2 weeks) or sub-acute (> 2 weeks- 2
months).13 Full-thickness cartilage lesions,
diffuse chondral thinning, degenerative
arthritis and osteomyelitis are severe
sequelae of knee sepsis.!2 13 While cartilage
loses more than half of its
glycosaminoglycan and collagen within 7
days from the onset of infection!d , early
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diagnosis and prompt aggressive treatment
is crucial for optimal outcome.

Present study investigated literature
with the aim to provide data on the
incidence, risk factors, causes and
important investigation parameters such as
prognosis and complications after post ACLR
infection. In addition, we summarized the
ongoing research articles and gave most
efficient treatment protocol to enhance in the
pool of evidence in this concern; this will
encourage more close and appropriate
adherence to clinical guidelines to improve
quality care for patients and vise versa will
reduce the incidence of post-ACLR infection.

Review Material

By a thorough search in PUBMED,
MEDLINE and EMBASE databases, we
summarized 16 articles between January
2000 and December 2013, on post ACLR
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infection.

Table 1. Characteristics, Data, Incidence and Graft Specific Incidence.

Case reports,

animal and/or
experimental studies were excluded from
this review. Relevant data were tabulated for
easier reference. From the included studies,

2 studies!3 were level-2, 6 studies*506:8,11,15
were level-3 and 9 studies27.9.10,12,13,14,15,16
were level-4 studies (Table 1).

Serial Study Journal | Y/LOE | Period(years) | ACLR | /% MA MF% AVHB%  RatHB
1o
1. | Abdel-Azizetal* IntOrth. | 20141-2 NA 2560 | 24094 | NA NA NA NA
2. | Claramunt et af KSSTA | 201314 4 §10 | 1518 | 335 16/24 (/80220 NA
3, | Maletisetal’ AIBM | 201312 5 106260 | 51048 | 295 64/36 413128 §2
4. | Somnery-Cotietetal ABM | 2011L-3 3 1957 | 12061 | 24 100/0 034/38 NA
5. | Monaco etal’ PM 201013 9 1232 | 12097 | XNA NA NA NA
6. |Baeretal’ ABM | 20101-3 3 3126 | 18038 | 341 1822 | 0441.44049F 334
7. | Wangetal ARTH | 20094 11 4068 | 21052 | 286 §o/14 LIV0STO* 25
§. |Katzetal ARTH | 20081L-3 5 801 | 6.7 2 NA 120060 NA
9. | Sculzetal® ABM | 200714 10 1872 | 24078 | 323 1921 02950 NA
10, | VanTongeletal AIBM | 20074 9 1736 | 15031 3 037 (/1000 NA
11. |Binetetal” ARTH | 200713 § 1231 | 6048 | 243 1000 0.64/0.20 NA
12. | Juddetal ARTH | 200614 § 1615 | 1126 28 1228 (/1000 NA
13. | Fongetal” AAM | 200414 3 in 4! 3 1000 011000 NA
4. |Butksetal® ABM | 200314 11 1918 | 8042 2 15235 (/8812 NA
15. | ScholfinBorgetal " ARTH | 20031L-3 3 S5 | 1017 | 283 8020 040/60 NA
16. | Indellieta® CORR | 200214 6 300 | 6014 | 323 8 NA NA

Abbreviations:Y/LOE, Year/Level of Evidence; ACLR, Number of Anterior Cruciate Ligament.
Reconstruction performed; n/%, Number of Infections/Incidence; MA, Mean Age in Years
amongst patients with post ACLR infection; M/F, Male/Female amongst patients with post ACLR
infection; Al/H/B, Allograft/Hamstring/BPTB graft Amongst Infected Cases; Rat. H/B, Ratio of
Incidence of Infection in Hamstring and BPTB graft; Int. Orth, International Orthopaedics;
KSSTA, Knee Surgery, Sports Traumatology and Arthroscopy; AJSM, American Journal of Sports
Medicine; PSM, Physician and Sports medicine; ARTH, Arthroscopy; AAM, Annals Academy of

Medicine; CORR, Clinical Orthopaedic Related Research; NA, Not Available

*Incidence of Infection in Allograft/Hamstring/BPTB grafts, 1*No Allografts used.
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Post ACLR Infection Incidence

There were 246 infections amongst
35,795 ACLR.1-16 Average incidence was
0.68% (range- 0.14-2.6%), while the reported
incidence in 2 systematic reviews was
between 0.3 and 1.7%!7 and 0.6%!18,
respectively. Average age was between 23-
341-16_ Incidence of infection in allograft 6.7:8,
hamstring and BPTB grafts 67811 was
between 0.44-1.2%, 0.57-1.44% and O-
0.49% respectively. Hamstring autografts
were more frequently infected (29-100%)
while BPTB autografts and allografts were
found in 0-60% and 0-41% of the total
reported cases!-5910.12-15.  The ratio of
incidence of infection after autologous
hamstring and BPTB graft was between 2.5-
8.2, however it was provided only in 3
studies3:6.7.

Pathogenesis and Risk Factors

Grafts have been reported in some
studies as the nidus for infection because
they act as a foreign body1!.12.16) while other
studies have attributed hematoma at tibial
tunnel end as a origin of infection in sub-

Review Article

acute and late cases (Table 2). 11,12,13,15 The
reported risk factors included: high body
mass index® (BMI) > 30kg\m?2, infection
prone hamstring graft2.3.6:22) previous knee
surgery (arthroscopy or open) !213,1423
concomitant surgery!3.15 short hamstring
tendon with more suture materialll, post-
operative effusion!!, subcutaneous position
of the metallic post/washer/braided suture
construct!?, different implants!? and the use
of intra-operative/intra-articular steroids!s
(Table 2). Other causes postulated were
persistent communication between skin and
joint by sutures!!, unsterile metal part and
the rubber membranes on the suture clamps
which cannot be sterilized satisfactorily
despite sterilization performed in certified
autoclaves!5, environmental contamination
of surgical equipments or hospital stuff in
studies2425 demonstrating epidemics and
adjacent tunnel osteomyelitis in persistent
cases!l. It has been also hypothesized that if
microorganism of normal skin flora was
cultured from the joint, then inoculation
must have occurred at the time of surgery,
or shortly thereafter through femoral or
tibial site.!2
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Table 2. Risk factors and Pathogenesis

SRN Risk factors Pathogenesis Causes
2,3,6,24 Hamstring Graft - Multfilament suture used to prep:
harvest site and funnd stte coir
tendon & s
3 High BMI
11,12,16 Grafts act as foreign body
12 [f normal skin flora cultursd, thes
occurrad at the tme of surgery or s
femoral or th
11,12,13,15 Hematoma at tihial Meniscal repairs/arrows of sufur
tunnel end m subacute material
and late cases
12,14 Postinfectious synoviis
and inflammatory
mediators causes
chondrolysis
12,13,14,25 Prarus knee surgery(arthroscopy o -
opert) in 33-72% patients
13,15 Concomant surgery in 43-30%
patients
10,16 No rigk with concomttant surgery -
11 Short hamstring tendon with more Persistent Communication bety
suture matersl; post-op ghusion Sutres
17 Subcutaneous fxation matersal -
(posttion of the metallic post/
washer /brauded suture construct]
12 Different implants increases sk by
3.2-4.5 times,
15 Arthroscopy combined with the uss of Metal part and the rubber membra
mntra-operative, catnot be sterilized satisfactors
mira-arivcular sterouds performad 1 certiief
26,27 Environmental conta
surgical equipments or hospital
epidemic
11 Adjacent tunne] osteomyelitic

Abbreviations: SRN, study reference numbers; BMI, Body mass index
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Clinical Signs and Symptoms

The reported mean time of onset
(MTO) of infection from index surgery was
between 7.5 to 61.7 days (Table 3). A recent
systematic review 18, reported an average of
16.8 £ 10.5 days (114/123, 92.6 %), with
most infections in acute or sub-acute phases
symptoms. Classical clinical features given
were: acutely swollen painful joint, limited

range of motion, sudden increase of pulsatile
knee pain, rapidly increased and persistent
effusion, incision drainage, local erythema,
warmth and intermittent fever (usually over
38°C).713.1416  Other features included
hyperemic with serous or purulent
dischargel!! and indolent presentation (60%
missed on first visit)!5, excluding large
hematomas simulating acute (Table 3).

Table 3.Clinical Presentation and Laboratory Values

SR Clinical Presentation MTO Mean investigation Microrganism Culturad-
N Days(range) values(range) at the time n(%)
of diagnosis ESR-mm/hr,
CRP-mg/L, TLC(x
10°L)
1 Classic Featupes %1 12 (5-45) NA CNS-7(29). MSSA- 7(29). DS-
. Acutely swollen painfull joint. 7(30), NG-3(12)
3>+  Limited range of motion. 24(7-35) NA CNS-10(66). MSSA-2(19),
*  Suddenincrease of pulsatile knee MRSA-1(7), B-1(7)
— pain.
3., o - 20(12-30) NA Deep- CNS-11(32).  SA-
I:ﬁag;(.ﬂo);-mcrcased and persistent 8(24),N(.} 9(26),05-6(18)
C e e Superfical- SA-10(59). CNS-
. Local erythema. 1(6). O8- 5(30). NG-2(12)
. Warmth.
4 . Intermittent fever 15(2-37) NA CNS-11(32). P-1(8)
5 e e NA ESR-76, CRP-74, TLC- | CNS- 11(32), OS- 1(8)
: I;yp]frmiﬁ with serous or purulent 86
SCHATZE™ 2 (5-205 ] S [ Mega- IRSA-4(22)P-
6 . ]ndn]c_n_t plrjcsmtalinn{ﬁﬂ%mi ssed on 32(5-209) iS‘];{( 4?39—2(8113)1 18). CI];P . ;Efls ;ﬁéﬁ%s 3))'IRSA 42DP
o - 95(6.0 138).TLC(oint) -
. Exclude large hematomas simulating 115
7 LS9 ST 2 I 16(5-32) ESR-59.7 (9-108), CRP- | CNS-11(52), SA-2(9), OS-
investigations needed for 8.3 (4.1-17.8)., TLC9.1( | 3(14). NG-5(25)
confirmation. 42-152)
8 16(6-33) ESR-65.7(30-124), CRP- | CNS-6(75).NG-2(25)
27.7(112-70.1), TLC-
9.6(7.3-13-7)
9 01.7 (5=136) CRP-4.8(0.2-17.4), TLC- | CNS3-3(21), SA-12(50),05-
9.5(3.3-17) 3(16). NG-4(17)
10 109(3-1year3months) | ESR- 70.6( 40-110), CRP- | CNS-§(53), MSSA-1(7), OS-
146 6( 12.9-3163). TLC- | 6(40), NG-0(0)
8.1(6.0-128)
11 22(1435) ESR- 51(17 to 80). CRP- | SA- 3(50), OS-1(17), NG-
29.7(17-42), TLC- more | 2(33)
than 10.
12 22.9(6-45) ESR-67. CRP-14, TLC-|  CNS-8(72). SA-1(9).P-
9.8(4.9-17.7).,TLC (joint)- 1(3).05-1(8)
52
13 25(7-35) ESR-72(10-95).CRP- SA-4(57), P-3(43)
123(25-215), TLC-11.7(10-
16)
14 19 NA NA

Abbreviations: MTO, Mean Time of Onset; ESR, Erythrocyte Sedimentation Rate; CRP, C-Reactive
Protein; TLC, Total Leucocyte Count; CNS, Coagulase Negative Staphylococcous; MSSA, Methicillin
Sensitive Staphylococcus Aureus; MRSA, Methicillin Resistant Staphylococcus Aureus; SA,
Staphylococcus Aureus; P, Propionibacterium; OS, Other Species; NG, No Growth; NA, Not Available
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Diagnostic Evaluation

Laboratory investigations are
required for infection confirmation.!?2 The
average erythrocyte sedimentation rate
(ESR) ranged between 51 -80 mm/hour and
average C-reactive protein(CRP) between
4.8-146.6 mg/l, with total leucocyte count
(TLC) in blood between 8.1- 11.7 x 109/1.15
13,15 In only 2 studies the average TLC in
synovial fluid was provided and was 11.5
and 5.2 x 109/1, respectively.®12 One
systematic review!” reported that the ESR
and CRP were markedly increased in 90%
(50-100%) and 95% (67-100%) of patients,
respectively, and if the CRP level does not
decrease to nearly normal by 2 weeks
postoperatively, or there is a secondary rise,
infection should be suspected. Complete
CRP levels normalization is seen after 2-12
weeks.10:13 Blood culture is less sensitive in
diagnosis.'” Synovial fluid culture and
staining revealed Coagulase Negative
Staphylococcus  (CNS), Staphylococcus
Aureus (SA) and Propionibacterium, in
nearly all studies. Among CNS,
Staphylococus Epidermidis was the most
common pathogen. Other species!-16
included non/hemolytic Streptococcus,
Peptostreptococcus, Klebsiella, Enterobacter
species, Erysipelothrix = Rhusiopathiae,
Fungus, Mycobacterium Tuberculosis and
other anaerobic or gram-negative organisms.

Treatment Protocol

Serial arthroscopic lavages and
intravenous antibiotics with graft
retention, remains the most efficient
treatment protocol in most studies.!8
Basic guidelines were as follows:

e Empirical intravenous  antibiotic
therapy at the time of presentation:
intravenous (IV) ceftazidime (2g/8hr)
and vancomycin (1g/12hr)2, or
Cafazolin!!, or flucloxacillin (6 x 1
g/day) and gentamycin (320
mg/day). 12 Pathogen-specific
antibiotics after culture; additional
cultures during operation(s). IV
antibiotics changed to culture
sensitive oral antibiotics as soon as
the CRP levels had nearly normalized
(<1 mg/mL)7 for 6 weeks or until
normalization of clinical and lab
parameters. Average duration of
antibiotics ranged for IV between
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17.3days-6weeks followed by oral up
to 3.2months in 9 studies(Table
4a)1.2,7,10-13,15,16 Delayed diagnosis of
more than 7 days or SA infection
required a longer duration of
antibiotic therapy and increased the
likelihood for graft removal and
restricted range of motion.18
Arthroscopic debridement and lavage:
extensive arthroscopic removal of
necrotic tissue with a shaver, as near
total synovectomy as possible,
debridement of fibrinous exudates of
graft’s surface, arthroscopic lysis of
fibrous adhesions and extensive
pulsatile lavage with 10-15 lit of
saline. Additional lavage if clinical
and laboratory parameters are not
satisfactory. Average number of
arthroscopic lavage per person
ranged between 1 to 3 in 11
studies(Table 4a).1.2:6.7.9-13.15,16  66-
100% of patients retained graft and
graft removal resulted in 0-34% of
patients in 12 studies!-2.5-8,10-13,15,16
excluding the study® which dealt
with complicated cases(Table 4a).
This protocol remained more or less
the same in nearly all studies
supporting graft retention.!-8:10-13,15,16
Concomitant open incision and
drainage, through the old scars of
arthroscopy and meniscal repair
portals, at the same time of the
arthroscopic lavage, in cases of
complicated or infected wounds, in
order to avoid extra-articular fluid
collection and to eliminate the
infection.!0 The wounds are left open
with only a sterile dressing applied,
in order to promote secondary wound
closure.? Continuous irrigation
drains in the joint may be used for 2
days.!5 Average hospital stay ranged
between 17.3 to 27.2 days in 3
studies(Table 4a)10.11,13,

Immediate graft removal should be
considered if the graft is unstable
resulting in nonfunctional ligament
during clinical examination and
arthroscopic evaluation and causing
instability or block. The same if the
graft is impregnated by a tenacious,
thick purulent exudation which
could not be removed without graft
damage and the articular cartilage is
appeared soft and swollen or possible
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bony involvement of the tibia and
femur is existed. Furthermore, if the
diagnosis is SA and the treatment
has been delayed for more than a few
days after the onset of the
symptoms.10.16.18 During repeated

arthroscopic debridement the graft
removal is suggested in case of
resistant infection or the joint has
persistent positive cultures and the
clinical response to treatment is
poor.2:14.16 After graft removal, the
tunnels should be debrided.®

Table 4a. Arthroscopic Lavage and Graft Retention at final follow-up

SRN* Arthroscopic Lavage Graft Retention/removal No (%)
(Average No /person)
1 3 24(100)/0(0)
2 1.3 14(93)/1(7)
5 NR 14(100)/0(0)
6 15 13(72)/5(28)
7 1 21(100)/0(0)
8 NR 5(83)/1(17)
g 2.2 7(29)/17(71)
10 1.9 11(73)/4(27)
11 2.66 6(100)/0(0)
12 2.4 10(91)/1(9)
13 14 4(100)/0(0)
15 1 10(100)/0(0)
16 13 4(66)/2(34)

Abbreviations: SRN, Study Reference numbers; NR, not reported; No, number of patients
* Studies 3, 4 and 14 were excluded because they followed different protocols
**dealt with complicated cases
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Table 4b. Clinical Outcome

Prognosis at final follow-up
Lachman (-) KT-diff, Lysholm IKDC(obj) TEGNER

SR MFU?(mont (%) ( mm) PRE FFU PREI FFU
N* hs)

1 60 91 5 in 2PT - - - 7 5.5
2 39.3 73.3 1.3 90.7 77.7 o - -
5 38 100 2.5 - 96 14 (A/B) - -
9 66 - - - 65.6 8 (A/B),16 (C/D) 6.1 3.8
10 58 54.5 1 - 83 9 (A/B), 2C NR 5.6
11 102.5 33(66-G1)* 2.7 - 81.1 - NR NR
12 22 - - - 71.6 5 (A/B), 4 (C/D) NR NR
13 11.7 100 - - - 5A,2C 7 5.14
15 36 100 1.35(2.95) 85.4 74.9 - 8.3 5.3
16 36 - - - - 3 (A/B),1C NA NA

Abbreviations: SRN, Study reference numbers; MFU, Mean Follow Up; L-neg, Patients with negative Lachman test with
retained graft; G, grade of laxity; KT diff, Mean difference by KT-1000 arthrometer between infected and control group; PT,

patient; PRE, preoperative score; FFU, final follow up; IKDC(obj.), international knee documentation score (objective scale);

PREI, preinjury; N, normal; NN, nearly normal; AB, abnormal; SA, severely abnormal; NA, not available; NR, not reported
*includes studies reporting outcomes with arthroscopic debridement and graft retention as their protocol
**subjective scale 86.6(Control),70.4 (infection)*
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Table 4c. Average duration of antibiotics, Average hospital stay and Complications in included studies

SRN* Average Average Complications
duration of hospital
antibiotics stay(days) Flexion Extension Graft Osteoarthritis(Joint Graft removal | Osteomyelitis
deficit- deficit rupture space narrowing or (nonviable)
N,degrees N,degrees osteophytes,Crepitus)
1 NA NA 5 0] 3 2 0 0
2 IV4W,02-4W NR 0 0 0] 0 1 0
7 IvVv-19.4 NR NR NR NR NR NR NR
9 NR NR 24,20 24,3 0 1 17 0
10 IV-24.6D, T-3.2M 27.2 3,6-15 2,3-5 2 3 1 0]
11 IV-3W 19.5 6,6 0 0 1 0 1
12 IV-4W,0- 3-4W NR 2,20-30 0] 0 3 1 0
13 IV-17.3D, O-4-6W 17.3 7,20 0] 0 0 0 0
15 IV+0O- 4-12 NR 0 0] 0 5 0 0
16 IV-6W NR 0 0 0 1 1 0

Abbreviations: SRN, Study Reference numbers; N, Number of patients; NA, not available; NR, not reported; IV,
intravenous; O, oral; W, weeks; D, days; M, months; T, total
*includes studies reporting these parameters with arthroscopic debridement and graft retention as their protocol

Review Article




Chaurasia et al.

Indian Journal of Orthopaedics Surgery

73
2015; 1(1): 64-74.

Outcome and Complications

Ten studies!2:59-13,1516 (Table 4b),
reported the follow-ups along with the use of
more or less the above proposed most
effective treatment protocol and gave
satisfactory results. Lachman’s test was
negative in 54.5 - 100% of the patients, at a
mean final follow-up between 11.7 - 60
months?.2.5,10,11,13,15 Mean KT-1000
arthrometer difference between control and
infected group ranged from 1 - 5 mm at an
average of 21 - 102.5 months 1.25.101115
Average Lysholm score ranged between 65.6
- 96, at 22 - 102.5 months!259-12,15 " while
average Tegner score was between 3.8 - 5.6
1,59,10,13,15 gnd preinjury average Tegner
score was 6.1-8.3 913,15, Qut of 75 infected
patients, 43 patients had normal or near
normal and 25 patients had abnormal or
severely abnormal scores in International
Knee Documentation Committee (IKDC)
subjective scale9.10.12,13,16,  Qut of 142
infected patients, 47 patients had a flexion
deficit ranging from an average of 6 - 30°, 26
patients had extension deficit ranging from
3-5°.1,2,59,10-13,15,16 Qther complications are
reported in Table 4c.

Discussion

Infection following ACLR is not
common; the reported incidence of infection
is between 0.14-2.6%. Staphylococcus
Epidermidis, a CNS remains the most
common species consistent with post ACLR
infection (Table 3). Currently, post-ACLR
infection is considered multifactorial. As
ACL grafts act as a foreign body,
pathogenesis behind this factor is universal.
Also, we used autologous hamstring tendon
as a graft which may be more prone to get

infected as compared to BPTB graft as it has
2.5-8.2 times more chances to get infected
(Table 1). Additional literature reports more
chances of infection during preparation in
hamstring grafts.2* Another proposed
predisposing factor is the extended operative
time of DB compared to single bundle (SB)
ACLR.25 However, another study2¢ showed
no significant differences concerning the
time for operation between the DB and SB
groups and there is no study to our
knowledge in literature confirming that rate
of septic arthritis is more in DB than in SB
groups. Most of the untabled literature27.28
reports same clinical symptoms and similar
range laboratory parameters as reported in
Table 3. Apart from risk factors enumerated
in Table 2, literature27.2829 includes:
operative time, tourniquet inflation time,
contaminated sterile inflow cannula,
concomitant open surgical procedures,
increased foreign body load (suture material
or hardware), and use of a drain. The most
effective treatment protocol proposed was
irrigation and debridement with graft
retention as infection subsides usually in 1-
3 arthroscopic debridements and the 66-
100% grafts can be retained (Table 4a).
Following the proposed protocol, most
studies reported comparable or inferior
outcome to control group and associated
complications as reported before (Tables 4b
and 4c).

Conclusion

Septic arthritis after ACLR is a rare
and disastrous complication which can be
successfully managed by early diagnosis and
arthroscopic debridement with a proper
protocol.
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