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Abstract 

Background: infections in ACL reconstruction surgery varies from frank septic arthritis to mild 

discharge at site of tibial tunnel. Since it is devastating complication both for patient as well as surgeon, 

and autografts are a frequent source of infection. To prevent this complication, a retrospective study was 

carried out by pre-soaking of autografts in Vancomycin to reduce the risk of infection. 

Purpose: Purpose of this study is to determine whether the presoaking of an anterior cruciate ligament 

(ACL) autograft in Vancomycin reduces the rate of infection following an ACL reconstruction or not. 

Materials and Methods: A retrospective study of 1836 patients that consecutively underwent primary 

arthroscopic ACL Reconstructions with four stranded single bundle Hamstrings autograft over four years 

at our institute was performed. In the initial 2 years period, the patients 963 patients received 

preoperative IV antibiotics (group 1). In the following 2 years period, 873 patients received preoperative 

IV antibiotics along with the graft was presoaked in a vancomycin solution (group 2). Presoaking was 

performed with sterile gauze previously saturated with a vancomycin solution (5 mg/ml). 

Results: There were 963 and 873 patients in group 1 and 2, respectively. Eighteen cases of joint 

infections were identified in the series (0.98%). All of these infections occurred in group 1, representing a 

rate of infection of 1.86 % in comparison with 0 % in group 2 (p < 0.001). 

Conclusions: Presoaking of autograft with vancomycin in combination with perioperative intravenous 

antibiotic prophylaxis reduced the rate of knee joint infection following an ACL Reconstruction in 

comparison with perioperative i.v antibiotic prophylaxis alone. This technique could be of relevance in 

daily clinical practice to prevent infection after ACLR. 

Study Design: Case control & Retrospective comparative study; Level of evidence, 3. 

Keywords: Vancomycin, Anterior cruciate ligament, pre-soaking, septic arthritis, Antibiotic prophylaxis, 

Biofilm. 
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Introduction 

After Anterior Cruciate Ligament Reconstruction, 

infection is a rare but very devastating 

complication during early follow-up and 

autografts are the source of infection. most of the 

times with the incidence rate ranging from 0.14 to 

1.87 %
[1,2,3]

. The best graft for ACl reconstruction 

is “Bone- patellar tendon-bone” (BPTB) graft as it 

consists of tendon and bony attachments. Though 

BPTB graft is considered to be as gold standard. 

But now a days Hamstrings tendons are in use for 

ACL reconstruction due to less graft harvesting 

site morbidity and easy technique. Strength of 

four strands single bundle Hamstrings Autograft is 

camparable to BPTB graft.  In our study only 

cases of ACL reconstruction with Hamstrings 

autograft was included. The use of hamstring 

autograft, concomitant open surgical procedures, 

drains, and previous surgery on the same knee 

have been related to a higher risk of this 

complication
[4,5,6,7,8,9,10]

. 

Most important causative agents in up to 95 % of 

cases are Staphylococci and among half of those 

are due to coagulase-negative staphylococci 

(CNS) 
[1,6,7,11,12,13,14]

. Other pathogens reported are 

Propionibacterium acnes and Enterobacter 

species
[1]

. Some authors have linked this high 

percentage of CNS to the graft harvest and its 

contamination with patients’ skin bacteria 
[1]

.The 

use of a preoperative prophylactic intravenous 

antibiotic
[15]

 as well as a proper hair removal, in 

the cases which needed it
[16]

, has demonstrated 

efficiency in reducing the rate of infection in 

orthopaedic procedures. Recently, autograft 

presoaking with vancomycin has been described 

as showing promising results in decreasing the 

rate of infection following an ACL Reconstruction 
[25]

, although they only used hamstrings grafts in 

their studies. Administration of prophylactic 

intravenous antibiotics in knee surgery include at 

least 10 minutes before tourniquet inflation, 15 to 

120 minutes before skin incision, or 30 to 60 

minutes before the start of the procedure
[18,19]

. 

Pe´rez-Prieto et al
[20]

 published a study with the 

idea of identifying the point during the graft 

harvest and preparation process that the graft 

could be contaminated. Pe´rez-Prieto et al
[20}

 

identified the point during the graft harvest and 

preparation process that the graft could be 

contaminated. They took samples of the graft 

during harvesting and preparation with this 

purpose were obtained. Their results showed 7 

cases (14%) of graft contamination. In 5 cases 

(10%), the graft was contaminated during 

preparation, and in 2 cases (4%), the graft was 

contaminated during harvesting. Using the 

rationale that a contaminated graft could be the 

main cause of postoperative septic arthritis and in 

an effort to maximize the antibiotic efficacy of the 

graft, Vertullo et al
[21]

 described the “vancomycin 

wrap” technique in 2012. The practice involves 

wrapping a swab around the ACL graft before 

placement onto a tray or into a sterile plastic bag, 

at which point vancomycin solution is added, thus 

soaking the swab. Their first study showed a 

decrease in the infection rate in ACL 

reconstruction from 1.4% to0%. In the next years, 

a number of studies using the same protocol have 

appeared, all of them confirming the results of 

Vertullo and colleagues
[22,23,24]

. 

The rationale for the use of vancomycin lies in its 

pharmacokinetic properties, which make it an 

ideal agent
[25]

. These include low allergenicity, 

heat stability, safety for local use, and large 

volume of distribution. It has a bactericidal action 

against skin commensals such as Staphylococcus 

aureus and coagulase-negative staphylococci, 

which are by far the most common pathogens 

isolated in ACL reconstruction infection
[20]

. 

In a study published by Torres-Claramunt
[13]

, the 

rate of infection in the patients operated on for an 

ACL Reconstruction was assessed. This rate (1.8 

%) was higher than initially expected. Therefore, 

presoaking of the autograft with vancomycin was 

introduced as a new prophylactic measure in the 

ACLR in order to reduce this rate of infection. 

The purpose of this study was to find out whether 

the implementation of prophylactic graft 

saturation with vancomycin reduces the rate of 
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infection following an Anterior cruciate ligament 

Reconstruction, using Hamstrings Autograft. 

 

Material and Methods 

A retrospective review of all the patients that 

consecutively underwent primary arthroscopic 

ACLR with an  Hamstrings autograft inour 

institutions. Those patients who needed an extra-

articular procedure or those who received other 

types of autografts except Hamstrings or an 

allograft were not included in this study. In the 

initial 2 years period, the patients received 

preoperative IV antibiotics (group 1). In the 

following 2 years period, the patients received 

preoperative IV antibiotics along with the graft 

was presoaked in a vancomycin solution (group 

2). Presoaking was performed with sterile gauze 

previously saturated with a vancomycin solution 

(5 mg/ml) as described by Vertullo et al 

Surgical Technique 

All patients were operated on by the same surgical 

team composed of four senior surgeons. All 

operations were performed on an outpatient basis. 

The prophylactic antibiotic protocol consisted in a 

single dose of 2 g of preoperative IV cefazolin or 

a single dose of 1 g of preoperative IV 

vancomycin, if a penicillin allergy was reported. 

No patient in this series informed of a vancomycin 

allergy. The types of graft employed were a 

quadrupled hamstrings Autograft. A pretension of 

80 N was applied for 5 min before fixation of the 

hamstrings grafts. The hamstring grafts femoral 

fixation was carried out either with a transversal 

fixation (Cross-Pin system®, Stryker) or with a 

cortical suspensory fixation system (XO Button 

Fixation System®, ConMed Linvatec). Tibial 

fixation was accomplished with a resorbable 

interference screw. No drains were left after 

surgery. The technique of vancomycin saturation 

has been performed as previously described by 

Grayson et al
[27]

. A solution of 100 ml of sterile 

saline was prepared in a tray and mixed with 500 

mg of vancomycin powder. When the graft was 

obtained and prepared, it was immersed in the tray 

and then it was wrapped in gauze that had been 

saturated with this vancomycin solution 

beforehand. The graft was left there for 10–15 min 

(until it was used for the ACL Reconstruction). 

Diagnostic criteria for septic arthritis 

Diagnosis of septic arthritis was based on 

patient”s medical history and physical 

examination, laboratory parameters {ESR. Crp} 

and cultures of synovial fluid and/or joint tissue. 

{Were there any discharge from tibial 

side}Synovial aspiration was performed as soon 

as the diagnosis was suspected. The liquid 

obtained was immediately sent for biochemical 

analysis and cell count analysis in heparin tubes. 

The remaining synovial fluid was introduced into 

aerobic and anaerobic blood culture bottles for 

automatic colorimetric bacterial detection 

(BacT/ALERT® Culture Media). These bottles 

contain activated charcoal to neutralise 

antimicrobials and make for a more accurate 

diagnosis. They also make it possible to perform 

an antibiotic sensitivity test. 

Statistical Analysis 

Categorical variables were presented as means 

and range as percentages. When two related items 

of data were analysed, the Chi-square or Fisher 

exact test was used. In all cases, a p value of 

<0.05 was considered statistically significant. A 

power analysis was performed to ensure an 

adequate sample size for the study. Selecting an 

incidence of infection of 1 %, a significance level 

(α) of 0.05 and a power (β) of 80 %, the sample 

size needed was 119 patients in each group. 

 

Results 

There were 1836 patients who met the inclusion 

criteria. The first 963 were included in group 1, 

and the following 873 were included in group 2. 

Both groups were similar in terms of age, sex and 

BMI (n.s.). 

Surgical data 

The type of graft employed was a quadrupled 

hamstring in 100% cases. There were 963 and 873 

patients in group 1 and 2, respectively. Eighteen 

cases of joint infections were identified in the 

series (0.98%). All of these infections occurred in 



 

Bijayendra Nath Chaturvedi et al JMSCR Volume 08 Issue 09 September 2020  Page 147 
 

JMSCR Vol||08||Issue||09||Page 144-150||September 2020 

group 1, representing a rate of infection of 1.86 % 

in comparison with 0 % in group 2 (p < 0.001). 

Infection Case Analysis 

The bacteria isolated were as follows: 15 

Staphylococcus species (83.3 %) of which 10 

were CNS (66.7 %) and 5 Staphylococcus aureus 

(33.3%); there was 2 cases of infections due to 

Propionibacterium acnes and one culture-negative 

infection. Six patients needed graft removal and a 

2-stage ACL Reconstruction procedure because of 

treatment failure after the third or fourth 

arthroscopic debridement and lavage.{ did culture 

was positive in all pts. Are there ant cases of strile 

culture} 

There was no infection among patients who 

received systemic antibiotic prophylaxis and graft 

presoaking with vancomycin (group 2). This 

represented a rate of infection of 0 % (0 out of 

873). Statistical analysis showed that the prior 

saturation of the ACL graft in a vancomycin 

solution significantly reduced the infection rate (p 

< 0.001) in comparison with patients in which this 

technique was not performed. 

 

Discussions 

Although knee joint infection following an ACLR 

is not as common as other implant-associated 

infections in orthopaedic surgery, the magnitude 

of this complication is equally important as an 

studies have been focused on the surgical 

management of this complication over recent 

years. Most of those studies concluded that 

aggressive arthroscopic debridement in 

combination with an antibiotic therapy should be 

the treatment of choice for this complication 
[1,3,5,12,28]

. Despite this, antibiotic treatment 

guidelines remain unclear. Little has been reported 

about the prevention of a septic arthritis following 

an ACLR. Some proceedings such as antibiotic 

prophylaxis or limiting hair removal to the cases 

needing it, which are usually applied so as to 

avoid this complication, have been imported from 

other orthopaedic procedures (basically joint 

replacement procedures)
[15,16]

. Grayson et al.
[27] 

studied the amount of vancomycin released from 

the pre-soaked bovine tendons. They observed 

that tendons elute vancomycin into the 

environment in which they were placed and where 

they act as a reservoir of vancomycin. 

Furthermore, tendons with larger dimensions 

provide a greater reservoir. This technique was 

posteriorly applied in an in vivo study by them. It 

showed an important decrease of the rate of joint 

infection following an ACLR when this 

prophylactic measure was included in the surgical 

protocol
[17]

. Interestingly, their results were 

comparable to the findings observed in the present 

investigation. Vancomycin is a useful bactericidal 

drug against staphylococci and enterococci
[24] 

and 

has been described as an alternative in the 

treatment of Propionibacterium acnes implant-

associated infections
[29]

. Vancomycin has shown 

to be safe for a local use
[30]

, and it has already 

been used in both local prophylaxis and treatment 

in orthopaedics. For instance, it has been utilised 

with antibiotic-loaded cement spacers or nails
[31]

, 

bioactive glasses or composite biomaterials
[30]

. 

Furthermore, it is a thermostable antibiotic and 

less toxic to eukaryotic cells than cefazolin or 

aminoglycosides
[32]

. The minimal vancomycin 

concentration to eradicate most of Staphylococcus 

infections is about 2 µg/ml.Grayson et al.
[27] 

showed that this concentration can be maintained 

for at least 24 h when a tendon has been 

previously presoaked with vancomycin and this 

same elution was lower than the reported 

osteoblast and chondroblast toxicity 

concentrations
[32]

. Different studies have 

demonstrated that the infection rate using 

hamstrings autograft is higher than when using 

BPTB autograft
[4,6]

. In the current study, the 

percentage of hamstring autografts used was 

superior in the group where the graft was 

presoaked. However, the infection rate was 0 % in 

this group. This suggests that graft presoaking 

with vancomycin reduces the infection rate 

following an ACLR despite the graft selected.  

Contamination of the graft can occur during 

harvest or even when it is introduced into the knee 

through the arthroscopic portals
[6]

. This might 
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explain why the infection rate in hamstring 

autografts is higher
[6]

 and mostly due to CNS 

(patient’s skin flora around the portal). Plante et 

al.
[33]

 found contamination in 23 % of hamstring 

autografts. Moreover, the fact that the steeping of 

the graft in vancomycin reduces the infection rate 

would give support to this theory, even though 

specific microbiological studies are needed to 

confirm this hypothesis. Different limitations can 

be attributed to this study. First of all, it had a 

retrospective design with a lack of randomization. 

On the other hand, the fact that some steps in the 

surgical technique changed during the studied 

period might be considered another bias. The 

location of the femoral tunnel moved from an 

almost over the top position to an anatomical 

location in recent years, and the fixation by means 

of a transversal fixation has been replaced by a 

cortical suspensory system. This change was made 

because a cortical suspensory fixation system has 

been shown to be safer when an anatomical 

femoral tunnel placement is being performed 
[34,35]

. Regardless this variation in the fixation 

system in the femur, no data suggested that the 

decrease in the rate of infection after ACLR could 

be attributed to the change of fixation. Despite 

these limitations, the present technique will be of 

relevance in daily clinical practice to prevent 

infection after ACLR. 

Other antibiotics like Gentamycin, Bacitracin with 

polymyxin B or Povidine-iodine can also be used 

for the presoaking of grafts. But a in vitro study 

warned that presoaking of graft for 15 minutes in 

Bacitracin with Polymyxin will not sterilise the 30 

% of the grafts. Similarly 10% Providing -Iodine 

solution for 30 minutes will not sterilise the grafts 

infected with two Coagulase Negative 

staphylococci.  

 

Conclusion 

Autograft presoaking with vancomycin in 

combination with classical intravenous antibiotic 

prophylaxis reduces the rate of knee joint 

infection following an ACLR in comparison with 

antibiotic prophylaxis alone. 
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