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treatment has become the first line of treatment unless 
contraindicated.

It is obvious that, with improved results in both the short 
and long term [function and risk of osteoarthritis (OA)] 
and a simultaneous reduced risk of complications and mor-
bidity related to the procedure, more people could benefit 
from surgery. For this reason, reducing morbidity after ACL 
reconstructive procedures must be a significant part of the 
“ACL holy grail”.

The incidence of deep post-operative infection follow-
ing an ACL reconstruction varies between 0.14 and 1.7 % 
in different studies [2, 12]. The majority of the present 
studies report an incidence of just below 1 %. Moreover, 
there are some signs that hamstring grafts are slightly more 
likely to be infected compared with patellar tendon (BTB) 
grafts. In terms of pathogens, coagulase-negative staphylo-
coccus (CNS) appears to be the dominant species, followed 
by staphylococcus aureus and propionebacterium acne. 
The most likely aetiology is graft contamination from the 
patient’s own skin flora.

The potential consequences of a deep infection can obvi-
ously be devastating, with the need for graft and hardware 
removal, and in many patients, a second stage ACL-R 4 
to 6 months later. However, in most cases, repeated wash-
outs and long-term antibiotics cure the infection, and the 
graft may survive. The two major concerns following deep 
infection after ACL-R are graft survival and long-term graft 
function, but also the increased likelihood of long-term OA. 
In a recent publication by Boström Windhamre et al. [1], 
27 of 43 reported infected ACL-Rs were compared with 
matched controls in terms of activity, time to recovery and 
knee function. The infection rate was estimated at 0.98 %.

The recovery time was significantly longer, and the 
Tegner activity level was lower, while the KOOS val-
ues at a mean of 60 months post-operatively revealed no 

ACL reconstruction (ACL-R) in 2016 still faces two major 
challenges. The first is to improve the surgical technique 
and consequently the overall results, and the second is to 
minimise the morbidity of the procedure. The fact is that, 
if significant improvements in both these areas can be 
achieved, we would most probably offer surgical treat-
ment (repair or reconstruction) as the first line of treat-
ment to most young and middle-aged patients sustaining an 
ACL rupture. This argument could be compared with tib-
ial fractures or other traumatic conditions, where surgical 
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differences. It should be noted that the numbers are small, 
and the KOOS might be too blunt an instrument to detect 
any significant patient-related outcome differences. It is 
also possible to reflect over the potential reporting bias, 
since patients who were successfully treated for an infected 
ACL-R might have a different feeling about their percep-
tion of their knee. Nevertheless, despite a low risk of graft 
removal, a deep-infected ACL-R requires several weeks/
months of high-dose antibiotic treatment in addition to 
repeated surgical washouts. In addition to the additional 
costs of interventions and treatment, as well as the socio-
economic costs of prolonged sick leave, the human costs 
in terms of patient suffering and worry are obviously 
significant.

The long-term consequences in terms of the poten-
tially increased risk of OA should also be considered, even 
though they appear to be fairly limited according to most 
studies. However, most of these studies are retrospective 
and probably underpowered, which means that this state-
ment should be regarded with some caution [7–9].

The local administration of vancomycin to the graft was 
first presented by Vertullo et al in 2012, in a study in which 
they reported a 0 % infection rate in a prospective series 
compared with 1.4 % in a retrospective control population 
[12]. All the patients in both cohorts were operated on by 
the same surgeon. Further studies by the same group and 
others have confirmed a significantly reduced risk com-
pared with standard antibiotic prophylaxis [10, 11]. So, 
with the use of vancomycin, there appears to be no doubt in 
terms of efficacy when it comes to reducing the risk from 
low to minimal.

Having said this, the following questions arise; how safe 
is vancomycin in terms of:

1. Toxicity to the graft.
2. Potential resistance development with “super bugs” in 

the long run.
3. Environmental aspects, total antibiotic load on nature 

and society.
4. Potential allergenic reactions among surgeon and thea-

tre staff.

In terms of toxicity, empirical data have so far not 
revealed any adverse effects, such as graft degeneration, 
increased laxity or a change in functional outcome at the 
short- or midterm follow-ups. Moreover, experience from 
thoracic or spinal surgery, where local vancomycin has been 
applied, has not revealed any negative consequences [3, 4].

In terms of the risk of resistance, previous single use of 
local administration in spinal or thoracic surgery for almost 
15 years has not revealed any increased risk [5, 6]. It thus 
appears that single use of local administration of vancomy-
cin has a very high threshold for resistance.

With history as a reference in general, it is, however, not 
unlikely that in future, we might be presented with some 
cases with the development of resistance. With all this in 
mind, it then boils down to a philosophical question. Which 
patients should be our primary protégées, the ones at pre-
sent or others in the future? If we ask the patients at pre-
sent, most of them will probably choose the former. How-
ever, this aspect is of an ethical nature, and both sides have 
valid arguments. This is certainly a matter of great concern.

In terms of the environmental aspects and the total load 
of antibiotics as a whole, we could look at it from a prag-
matic mathematical standpoint. Most surgeons use one pre-
operative dose and one to two post-operative intravenous 
doses for prophylaxis. The suggested new protocol would 
include one preoperative intravenous dose of antibiotics 
(cloxacillin or similar), plus local vancomycin for the graft, 
but no further antibiotic administration post-operatively. If 
one infected patient requires three doses of antibiotics daily 
for 2 months (60 days), 180 doses will be needed for each 
infection. For every 1000 ACL-Rs with an arbitrarily cal-
culated reduction in the infection rate from 0.9 to 0.1 %, 
approximately 1500 doses of antibiotics will be avoided. 
So, in terms of the environment, it appears to be a potential 
winner as long as it works.

Finally, in terms of potential allergy, this is more a ques-
tion of handling. With pre-mixed bottles, the exposure of the 
staff can be brought down to a minimum. A strategy has been 
adopted in which we receive pre-mixed bottles from the hospi-
tal pharmacy. The graft is placed in a plastic bag with a sterile 
gauze swab wrapped around it, and once in the bag, the van-
comycin solution is delivered to soak the swab in the semi-
sealed bag. The surgeon obviously has to touch the graft ends 
before it is put into place in the knee, but direct contact with 
the graft is avoided as much as possible.

Taken together, vancomycin applied locally to the ACL 
graft appears to be a viable option for reducing deep infec-
tion after ACL-R. However, the strategy could be discussed 
from different angles, and there are concerns that should be 
noted. The standard prophylactic steps (perfect sterile envi-
ronment in theatre, patient preparation including pre-wash 
with chlorhexidine, ventilation and so on) should always 
be our number one defence against infections, but, when 
all these other steps are carefully applied, local vancomy-
cin appears to even further reduce the risk of infection and 
protect the graft from the patient’s own skin flora. Future 
studies and observations should certainly be reflected upon 
and we should, as always, have an open yet critical mind-
set when new ideas are brought up. Some new ideas remain 
valid over time, but we must be aware that some must be 
revised sooner than we expected. As surgeons, we have the 
final responsibility for patient safety, and history has taught 
us that both old and new strategies sometimes can and 
need to be revised. An honest evaluation of new ideas that 
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have been put into the perspective of present and historical 
knowledge will eventually result in progress, and to quote 
John Bartlett [the first author’s (KE) wise mentor in Mel-
bourne], the wise clinician will take note!
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