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      Prevention of Periprosthetic Joint 
Infection: What Is the Current 
Evidence?                     

     Simon     S.     Jameson      and     Mike     R.     Reed     

    Abstract  

  Periprosthetic joint infection is a disastrous complication following rou-
tine joint replacement surgery. The cause is often multi-factorial. In order 
to minimise risk, a team-based approach should be followed to optimise 
modifi able patient risk factors and adhere to best surgical practice, 
informed by robust evidence. This chapter discusses the current best 
evidence.  
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      Introduction 

 Periprosthetic joint infection (PJI) is a major, but 
infrequent complication of arthoplasty surgery 
and is associated with substantial morbidity and 
economic cost [ 1 – 3 ]. A number of patient, surgi-
cal and environmental specifi c risk factors may 
contribute to the development of a PJI [ 4 ,  5 ] 
(Table  4.1 ). The common pathogenic organisms 
responsible for orthopaedic SSIs are shown in 

Fig.  4.1  [ 6 ]. In this chapter we discuss the current 
evidence for best surgical practice to reduce the 
risk of PJI.

        Modifi able Patient Risk Factors 

 Patient-related factors, such as diabetes mellitus 
(DM) and rheumatoid disease (RA), are modifi -
able and certain aspects of management can be 
optimised to reduce infection. 

    Diabetes Mellitus 

 Wound infection has been shown to be more com-
mon in patients with diabetes after arthroplasty, 
and in non-diabetic patients who developed 
 transient post-operative hyperglycaemia [ 7 ]. 
Hyperglycaemia is associated with increased 
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monocyte susceptibility to apoptosis [ 8 ] and 
impaired neutrophil function (impaired chemo-
tactic, phagocytic and bactericidal capability) [ 9 ]. 
Blood glucose levels above 11.1 mmol/l are asso-
ciated with SSIs in cardiac surgery [ 10 ], and in 
general surgical patients immediate post- operative 
hyperglycaemia is associated with SSI [ 11 ]. The 
potential to improve  in vivo  neutrophil phagocytic 
function by aggressive glucose control (using 
infusion delivery) has also been demonstrated in 
cardio-pulmonary bypass patients [ 12 ]. However, 

the effect on SSI is likely to be modest – a recent 
large study of 40,000 patients undergoing knee 
replacement found no additional risk for patients 
with either controlled or uncontrolled diabetes, 
compared to non diabetics [ 13 ].  

    Rheumatoid Arthritis 

 RA is an independent risk factor for infection in 
arthroplasty, but also for revision and subsequent 
re-infection. This is especially signifi cant as RA 
patients often present earlier for arthroplasty. 

 Local and systemic corticosteroids have been 
shown to delay wound-healing, increase the risk 
of wound infection [ 14 ] and cause adrenal insuf-
fi ciency. A recent Cochrane review has ques-
tioned the historical practice of providing 
long-term users with additional perioperative ste-
roids (which may amplify immunosuppression at 
time of surgery) [ 15 ]. 

 Although disease-modifying antirheumatic 
drugs (DMARDs) increase the risk of pros-
thetic joint infection [ 5 ], the British Society for 
Rheumatology (BSR) guidelines suggest that 
in most cases these should not be stopped prior 
to joint replacement [ 16 ]. Methotrexate is a 
 commonly used fi rst-line drug [ 17 ] and, despite 
its inclusion within the DMARD group, is not 
considered by some authors to increase wound 
infection risk and should not be discontinued 

   Table 4.1    Risk factors for surgical site infection   

 Patient factors  Operative factors 

  Systemic :  ASA score >2 

 Obesity  Long duration 

 Diabetes  Poor surgical technique 

 Immunosuppression  Contaminated or dirty wound 

 Smoking  Lack of systemic antibiotic prophylaxis 

 Rheumatoid arthritis  Lack of local antibiotics/antiseptic 

 Psoriasis  Hypothermia 

 Poor nutritional status  Poor diabetic control 

 Advanced age  MSSA/MRSA colonisation 

  Local : 

 Previous arthroplasty 

 Arthroplasty following fracture 

 Type of joint 

 Peri-operative wound complications 

  Fig. 4.1    Micro-organisms reported as causing SSIs (all 
orthopaedic patients, England).  SSI  surgical site infection, 
 MSSA  methicillin-sensitive  Staphylococcus aureus , 
 MRSA  methicillin-resistant  Staphylococcus aureus  
(Adapted with permission from the Health Protection 
Agency)       
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prior to orthopaedic surgery [ 18 ]. Other ran-
domised trials show a clear reduction in risk 
when methotrexate is stopped prior to joint 
replacement [ 19 ]. However, nitrous oxide 
should be excluded from the anaesthetic regi-
men as the interaction can induce immuno-
suppression [ 20 ]. 

 Tumour necrosis factor (TNF)-alpha is an 
infl ammatory cytokine (highly concentrated in 
the synovial tissue of RA patients) implicated in 
joint destruction [ 21 ]. Any increase in risk of 
infection in patients who received anti-TNF ther-
apy prior to surgery is debatable [ 22 ,  23 ]. The 
BSR state that the potential benefi t of preventing 
post-operative infections (by stopping treatment) 
should be balanced against the risk of a peri- 
operative disease fl are. If anti-TNF therapy is to 
be withheld, it should be discontinued 5–20 days 
before surgery (3–5 times the drug half-life), 
restarting when there is good wound healing and 
no evidence of infection [ 24 ]. 

 The recent consensus statement on PJI recom-
mends all disease-modifying drugs should be 
stopped prior to surgery – specifi cally methotrexate 
should be stopped a week before surgery, and recom-
menced 2 weeks after surgery [ 25 ]. The authors dis-
cuss each case with the rheumatology team.  

    Patient Weight and Obesity 

 The effect of obesity (body mass index, BMI 
≥30 kg/m 2 ) on SSI is well documented [ 26 ]. 
Self- reported wound complications and reopera-
tions after hip replacement are 1.5–3 times 
higher in obese patients [ 27 ] and there is a 3–7 
times higher risk of PJI [ 28 ,  29 ]. Increased 
length and complexity of surgery and poorer 
vascularisation of the subcutaneous layer may 
contribute to this elevated risk. Obese patients 
also require a signifi cantly higher fraction of 
inspired oxygen (FiO 2 ) to reach an adequate 
arterial oxygen level [ 30 ]. In super obese patients 
(≥50 kg/m 2 ) bariatric surgery may be indicated. 
In patients that underwent both bariatric surgery 
and lower limb arthroplasty, the wound infection 
rate was 3.5 times lower in patients who had bar-
iatric surgery fi rst [ 31 ]. Communication with the 

anaesthetist to evaluate the risk and to discuss 
increased doses of peri-operative antibiotics is 
recommended [ 32 ]. 

 Low BMI (<18 kg/m 2 ) may also increase the 
risk of PJI, most likely as a result of poor nutri-
tion [ 29 ]. As with obese patients, referral to a 
dietician may be necessary prior to surgery.  

    Smoking 

 Smoking is associated with impaired wound 
healing and infection [ 33 ]. Patients ran-
domised to a cessation programme 6–8 weeks 
prior to arthroplasty had significantly fewer 
wound complications (5 % vs. 31 %), shorter 
length of stay, fewer re-operations and cardio-
vascular benefits [ 34 ]. A large non-randomised 
study found a 3.2 times greater risk of devel-
oping wound complications in patients who 
smoked [ 35 ].  

    Screening for and Decolonisation 
of  Staphylococcus aureus  

 The costs associated with treatment of infections 
due to methicillin-resistant organisms are 1.5 
times higher compared to sensitive organisms 
[ 36 ]. A methicillin-resistant  Staphylococcus 
aureus  (MRSA) screening programme for all 
planned NHS surgery was implemented in April 
2009, with a positive result prompting decoloni-
sation prior to admission. 

 Nasal carriers of methicillin-sensitive 
 Staphylococcus aureus  (MSSA) also have an 
increased risk of SSI. In a large, randomised, 
multi-centre trial, the risk of developing a 
 S. aureus  infection in MSSA-carrier patients 
who were decolonised on admission to hospital 
(mupirocin nasal ointment and chlorhexidine 
soap) fell by nearly 60 % compared with pla-
cebo – a signifi cant reduction from 7.7 to 3.4 % 
[ 37 ]. Nasal carriage of MSSA is common 
(~20 %) [ 37 ] and UK hospitals are beginning to 
decolonise patient carriers prior to joint replace-
ment – this has been demonstrated to be cost 
effective [ 38 ].  
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    Other Considerations 

 Urogenital and periodontal foci of infection are 
important sources for haematogenous spread of 
sepsis and must be eradicated prior to joint 
replacement [ 39 ]. Pre-operative serum albumin 
levels of less than 3.5 g/dl also increase the risk 
of post-operative infection [ 40 ].   

    Pre-operative Phase Surgical Risk 
Factors 

    Patient Preparation Prior to Theatre 

 Admission to hospital prior to surgery should 
ideally be the same day to reduce the risk of col-
onization of the patient’s skin with possibly 
resistant hospital-acquired bacterial strains. 
Patients should shower with soap on the morning 
of surgery [ 41 ]. Washing with an antiseptic 
reduces skin bacteria (microfl ora), but there is 
little evidence of a reduction in risk of SSI [ 42 , 
 43 ]. There is no evidence that removing hair 
reduces the risk of SSI [ 44 ]. Dry shaving with a 
razor may irritate the skin and increase the bac-
terial count so if hair removal is necessary, elec-
tric clippers or depilatory creams on the day of 
surgery are favoured [ 41 ,  45 ]. 

 Patients should be pre-warmed prior to sur-
gery, to avoid hypothermia during the operation 
and particularly in recovery [ 46 ,  47 ]. A UK ran-
domised trial published in the Lancet demon-
strated pre-warming reduces the risk of infection 
by approximately 65 % in clean surgery [ 48 ].  

    Antibiotic Prophylaxis 

 The role of parenteral prophylactic antibiotics 
has been studied and accepted across most surgi-
cal specialties [ 49 ,  50 ], and may be the single 
most signifi cant factor in the prevention of deep 
wound infection following lower limb arthro-
plasty [ 51 ]. 

 Although many different groups of antibiotics 
can be used for prophylaxis, there is insuffi cient 
evidence of a signifi cant difference in the effi cacy 

of cephalosporins, teicoplanin or penicillin- 
derivatives, or a benefi t of one generation of 
cephalosporins over another [ 52 ]. Cephalosporin 
use has been associated with  Clostridium diffi cile  
colitis, especially in the elderly, but rates are low 
after joint replacement (1.7 per 1000 replace-
ments) [ 53 ]. 

 Aminoglycosides, such as gentamicin, can be 
administered locally (in the cement) or parenter-
ally. In a review of 15,000 primary total hip 
replacements from the Norwegian Arthroplasty 
Register the lowest risk of revision was found in 
patients who received both systemic and local (in 
cement) antibiotics [ 54 ]. Although there were no 
signifi cant differences in superfi cial wound infec-
tion, a meta-analysis examining the benefi t of 
antibiotic-laden bone cement (ALBC) in over 
6000 arthroplasties identifi ed a lower deep infec-
tion rate [ 55 ]. ALBC is used in primary arthro-
plasties throughout Europe but only approved for 
use in revision arthroplasty after PJI in North 
America. Despite concerns, there remains no 
good evidence of changing microbial profi les and 
greater resistance following routine prophylactic 
use of ALBC [ 56 ]. Preventing deep infection 
with antibiotic prophylaxis and ALBC has shown 
improvements in health outcomes among hospi-
talized patients, with reduced mortality risk and 
lower costs [ 57 ]. 

 The National Institute for Health and Care 
Excellence (NICE) recommends a single intrave-
nous dose of antibiotic prophylaxis on starting 
anaesthesia, with a repeat dose if the operation is 
longer than the half-life of the antibiotic, or if 
blood loss is a signifi cant [ 58 ]. The American 
Academy of Orthopaedic Surgeons (AAOS) state 
that the administration of antibiotic should pre-
cede the skin incision by 1 h and duration of pro-
phylaxis should not exceed the 24 h. Rates of 
infection have been found to be lowest for 
patients who received an antibiotic within 2 h of 
the incision [ 49 ], and there was no difference 
between 1- and 3-day courses of prophylactic 
antibiotics in terms of deep-infection rate [ 59 ]. In 
over 32,000 major procedures (including THR 
and TKR), risk of SSI was not signifi cantly asso-
ciated with prophylactic antibiotic timing [ 60 ]. 
Administration of antibiotics as early as possible 
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in the anaesthetic room, and well before (at least 
5 min) tourniquet infl ation (in order to limit any 
further rise in tissue antibiotic concentration) 
seems logical [ 61 ]. 

 Unfortunately, there are risks of prophylaxis 
and there is a delicate balance between reducing 
risk of SSI and the adverse effects of antibiotics, 
such as anaphylaxis, interactions with other drugs 
and antibiotic-associated diarrhoea, including 
Clostridium diffi cile (CDAD) and thrush. 
However, whilst recommended antibiotic prophy-
laxis has shifted from cephalsporins to dual ther-
apy in order to reduce the incidence of CDAD, 
data suggests acute kidney injury is higher and 
SSI has remained unchanged [ 62 – 65 ]. 

 The choice of antibiotic should take into 
account resistance patterns and cover micro- 
organisms most likely to cause SSI. Patients 
undergoing high-risk surgery who are MRSA 
positive should receive a suitable antibiotic active 
against local strains of MRSA. The combination 
of vancomycin and cefazolin appear to reduce the 
incidence of MRSA infections, but the number 
needed to treat to prevent a single MRSA infec-
tion is very high [ 66 ]. Another study of over 6000 
joint replacements concluded that Gentamicin 
4.5 mg/kg alone should not be used as prophy-
laxis for primary joint arthroplasty as it did not 
reduce CDAD signifi cantly but increased the risk 
of other postoperative complications [ 67 ]. 

 The most suitable prophylaxis should be the 
most-narrow spectrum to cover the most com-
mon organisms and should be cost-effective. A 
team-based approach to antibiotic prophylaxis 
policy is desirable, with knowledge of evidence 
and information about resistance and drug costs 
informing recommendations about specifi c drug 
regimens.   

    Peri-operative Phase Surgical Risk 
Factors 

    Theatre Etiquette 

 The World Health Organisation recommends that 
all surgical staff should keep doors to the operating 
room closed, except as needed for the passage of 

equipment, personnel and the patient. Staff should 
store essential equipment in the operating room to 
decrease theatre traffi c [ 68 ]. Frequency of theatre 
door-opening is a positive predictor of raised bacte-
rial counts [ 69 ]. The International Consensus on 
Periprosthetic Joint Infection Meeting in 2013 reit-
erated the importance of this: of the 207 questions 
asked, only the question ‘should operating room 
traffi c should be kept to a minimum?’ received a 
unanimous vote with 100 % agreement among the 
assembled 400 international PJI experts [ 25 ]. 

 Although chlorhexidine gluconate has not 
been demonstrated to reduce SSI rates, it is asso-
ciated with a more prolonged and effective reduc-
tion in colony forming units following surgical 
hand scrub than povidone-iodine. Alcohol rub 
used in preparation for surgery may be as effec-
tive as hand scrubbing in preventing SSIs [ 70 ]. 
There is no evidence to suggest that any particu-
lar alcohol rub is better than another [ 71 ,  72 ].  

    Surgical Site Preparation in Theatre 

 Skin moisturisers appear to inhibit the ability of 
aqueous preparations to decolonise the skin, and 
may increase skin bacteria counts. Avoidance of 
oil based moisturisers and de-greasing with alco-
hol pre-wash is recommended [ 73 ]. 

 A large randomised trial of 849 patients under-
going clean-contaminated surgery in which pre-
operative skin preparation was performed with 
either 2 % chlorhexidine-alcohol or aqueous 
povidone-iodine and paint found that the rate of 
SSI was signifi cantly lower in the chlorhexidine- 
alcohol group [ 74 ]. However, when 41 variables 
were examined in over 4000 cardiac patients, risk 
of SSI was not infl uenced by skin preparation 
(alcohol betadine or chlorhexadine) [ 75 ]. There 
are currently a number of ongoing clinical trials 
examining the infl uence of skin preparations 
[ 76 ]. Further data are likely to emerge in the next 
few years but the current evidence for skin prepa-
ration in joint replacement is limited. NICE sup-
port the use of either povidone-iodine or 
chlorhexidine, but state that alcohol-based solu-
tions may be more effective than aqueous solu-
tions [ 44 ].  
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    Theatre Design 

 Airborne contaminants are said to be the largest 
single contributor to infection [ 77 ]. One billion 
skin cells are shed daily per person [ 78 ] with up 
to 10 % carrying bacteria [ 79 ]. For orthopaedic 
surgery, laminar-fl ow ventilation systems have 
been advocated although they are not in universal 
use. These employ high-effi ciency particulate air 
fi lters where particles greater than 0.3 μm are 
removed (5 μm for conventional theatres). Ultra- 
clean air can reduce bacterial and particle con-
centrations [ 80 ]. Evidence from the past supports 
ultra-clean air in conjunction with prophylactic 
antibiotics to reduce infections after joint arthro-
plasty [ 81 ]. There is no dispute that the air within 
an effective laminar fl ow theatre is extremely 
clean. However, more recent evidence has ques-
tioned the benefi t. Brandt et al. found laminar 
fl ow to have no protective effect against SSI in 
99,230 patients [ 82 ]. When 88,311 arthroplasty 
patients from the New Zealand joint registry 
where analysed, revision rates for deep infection 
were signifi cantly higher in laminar fl ow the-
atres, despite adjustment for other known vari-
ables [ 83 ]. A systematic review of 123,788 joint 
replacements found laminar fl ow did not reduce 
the occurrence of SSI [ 84 ]. However, before 
abandoning laminar fl ow the interaction with 
forced air warming should be examined. A recent 
study demonstrated that air from outside the can-
opy may be drawn into the surgical wound area 
when forced air warming (FAW) devices are 
used, and deep infection rates were reduced when 
FAW was abandoned in favour of contemporary 
conductive fabric warming in joint replacement 
[ 85 ]. The infection control hazards associated 
with forced air warming have recently been col-
lated and many units, including the authors’, use 
alternative warming systems [ 86 ].  

    Operating Personnel Clothing 

 NICE recommends double gloving in arthroplasty 
surgery [ 87 ]. Glove perforation increases the risk 
of transmission of blood-borne diseases and 
breaks the asepsis barrier, potentially allowing 
contamination of the wound and thus increasing 

the risk of infection [ 88 ,  89 ]. Studies have shown 
that use of a blunt needle compared to sharp nee-
dle during surgery reduces glove perforation rates 
signifi cantly [ 90 ,  91 ]. Most perforations are unno-
ticed (61.5 %) and are caused by shearing rather 
than penetration by sharps [ 88 ]. A Cochrane sys-
tematic review supported the use of double glov-
ing, despite no evidence of a reduction in SSI 
[ 92 ]. Surgical teams should use scrub staff assisted 
closed gloving to reduce the risk of gown con-
tamination [ 93 ]. Glove changing at regular inter-
vals is an effective way to decrease the length of 
exposure to bacterial contamination [ 89 ]. Latex-
free gloves have signifi cantly higher perforation 
rates when compared with latex gloves [ 94 ]. 

 Modern space suits contribute to a higher revi-
sion rate for infection compared with a normal 
theatre gown and mask, when analysed indepen-
dently of laminar fl ow [ 83 ].  

    Surgical Drapes 

 If an incise drape is to be used, NICE recommend 
that an incise drape impregnated with iodophore 
should be placed unless the patient has an iodine 
allergy. Although a Cochrane review concluded 
that these drapes did not make any difference to 
infection rates [ 95 ], only one trial involved ortho-
paedic surgery, which showed no difference in 
post-operative wound infection rates following 
hip fracture surgery with or without non- 
impregnated Opsite (Smith & Nephew Wound 
Management, Hull, United Kingdom) [ 96 ].  

    Surgical Equipment 

 Commonly used equipment can become desteril-
ised in the theatre environment during a proce-
dure, and may be a source of surgical fi eld 
contamination. Davis et al. found contamination 
rates of 11.4 % for sucker tips, 9.4 % for skin 
(outside) blades, 3.2 % for inside blades, 28.7 % 
for outside gloves used for preparation and drap-
ing the patient and 14.5 % for light handles within 
the laminar fl ow zone [ 97 ]. 

 Pulsatile lavage removes between 57 and 87 % 
of all organisms from wounds [ 98 ,  99 ]. When 
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combined with 0.05 % chlorhexidine its effi cacy 
can be increased to 98 % and was responsible for a 
0.45 % infection rate after hip replacement at one 
unit [ 100 ]. A randomised trail of dilute betadine 
solution irrigation has shown reduction of SSI in 
spinal surgery [ 101 ] and a recent cohort study sup-
ports its use in arthroplasty surgery [ 102 ].  

    Body Core Temperature 

 Peri-operative hypothermia is common during major 
surgery and causes vasoconstriction resulting in a 
reduction in subcutaneous tissue perfusion, and an 
increased risk of infection [ 103 ]. Peri-operative 
hypothermia is associated with increased blood loss, 
cardiac events, increased transfusion requirements 
and longer peri- operative hospital stay [ 104 ]. Heat 
loss in theatre is largely conductive and convective, 
with a small amount of radiated heat. Laminar fl ow 
signifi cantly increases convective heat loss in 
exposed patients, mitigated by active warming. 

 Warming patients undergoing clean general 
surgery signifi cantly reduced wound infection 
from 14 to 5 % [ 48 ]. In a further general surgery 
study, when patients were randomized to either 
hypothermia or normothermia the trial had to be 
stopped prematurely due to the profound treatment 
benefi t of normothermia (SSI at 2 weeks: 5.8 % vs. 
18.8 %). A similar report of cholecystectomy 
patients found nearly a six-fold difference in the 
incidence of wound infection between normother-
mic and hypothermic patients [ 105 ]. The impor-
tance of maintaining perioperative normothermia 
has been recognised in the recent NICE guidelines 
[ 106 ]. However, it is notable that FAW has never 
been proven to reduce SSIs in orthopaedic implant 
surgery, and their effect on laminar fl ow and clean 
air needs further study [ 86 ].  

    Oxygen Delivery and Fluid 
Management 

 Increasing tissue oxygen concentrations has been 
hypothesised to increase the killing potential of 
phagocytes and thus decrease infective complica-
tions in the perioperative period [ 107 ]. 
Enhancement of tissue oxygen delivery can be 

achieved via improvement of cardiac output and/
or oxygen content of the blood. Increased subcu-
taneous oxygen concentrations can be achieved 
by increasing the inspired oxygen concentration 
intra-operatively (from 30 to 80 %), and by pro-
viding supplemental oxygen post-operatively. 
There are studies supporting the use of supple-
mental oxygen to reduce wound infections in 
general surgery, but these have never been extrap-
olated to arthroplasty surgery [ 108 – 110 ]. 

 Both hypovolaemia and hypervolaemia 
(oedema) can be detrimental to tissue oxygen-
ation. Current guidance would support optimal 
tissue oxygenation by maintenance of a normo-
volaemic state throughout the peri- and early 
post-operative period by judicious use of intrave-
nous fl uids [ 111 ,  112 ].  

    Anaesthetic Technique 

 The question of whether regional anaesthesia is 
superior to general anaesthesia has yet to be ade-
quately assessed, although a recent retrospective 
population based study found signifi cantly lower 
30-day SSI rates in patients undergoing lower 
limb arthroplasty under a spinal anaesthetic [ 113 ]. 
An RCT examining the potentially benefi cial 
effect of nitrous oxide avoidance failed to show a 
reduction in SSI. Co-administered anaesthetic 
and sedative agents may impair immune responses 
directly, thereby increasing infection [ 114 ], and 
regional anaesthesia may offer particular benefi ts 
such as improved tissue oxygen delivery (through 
vasodilation). Randomised controlled trials are 
required to address whether choice of agent (such 
as use of an alpha2 adrenergic versus GABAergic 
sedative) affects outcome [ 114 ,  115 ] 

 A recent systematic review and meta-analysis 
found a signifi cant advantage of haemodynamic 
goal-directed fl uid therapy on surgical site infection 
rates, based on 3550 patients in 18 RCTs [ 116 ].  

    Anaemia and Blood Transfusion 

 In a prospective cohort study preoperative anae-
mia was associated with increased postoperative 
infections in patients undergoing hip arthroplasty. 
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This effect was associated with an increase in 
postoperative blood transfusion [ 117 ]. 

 There are no specifi c recommendations from 
NICE regarding transfusions. Though it is clear 
blood loss is primarily a surgical responsibility, 
regional anaesthetic techniques and attention to 
perioperative normothermia are associated with 
reduced blood loss. Transfusion-related immuno-
modulation is recognised in trauma patients 
[ 118 ], with a 5 % increase risk of infection for 
every unit of red cells given [ 119 ]. A signifi cant 
increase in infection rates following hip replace-
ment is seen in patients receiving allogeneic 
RBCs, with higher risk with more units trans-
fused [ 120 ]. There is clearly a risk-benefi t bal-
ance between immunosuppression and enhancing 
oxygen supply to hypoperfused tissue. If possi-
ble, blood transfusion should be avoided intra- 
operatively [ 121 ] and, if anticipated, should be 
administered at least 48 h prior to surgery to 
maximise oxygen transportation of transfused 
blood. Addressing pre-operative anaemia reduces 
postoperative transfusion requirements [ 122 ]. 

 The use of antifi brinolytics, such as tranexamic 
acid, prevent blood loss following major arthro-
plasty [ 123 ]. Although there is insuffi cient data 
to comment on their ability to prevent postopera-
tive infection, they may indirectly reduce the risk 
by reducing transfusion requirement and improv-
ing the wound environment. 

 Recent evidence suggests that white cell 
depleted blood reduces infection risk compared 
to normal blood [ 124 ], and red blood cell transfu-
sions in the UK are routinely fi ltered.  

    Surgical Factors 

 Prolonged operating time, refl ecting the com-
plexity of surgery or the inexperience of the sur-
geon, may increase the risk of infection. However, 
when adjusted for confounding factors such as 
BMI and diabetes this effect is modest with an 
increased risk of only 7 % for every additional 
15 min [ 29 ]. 

 Closed suction drains are a potential entry 
point of infection, but there is no evidence of any 
association with wound infection risk [ 125 ]. 

There is also insuffi cient evidence to recommend 
that a particular wound dressing is more effective 
than others in reducing the rates of SSI [ 126 ].   

    Post-operative Period 

    Thromboembolic Prophylaxis 

 NICE guidelines state that patients undergoing 
lower limb joint replacements should have either 
prophylactic low molecular weight heparin 
(LMWH) or an orally active direct factor Xa 
inhibitor for 28 (or 35) days following hip arthro-
plasty and 14 days following a knee arthroplasty. 
No increased risk of infection was found with 
LMWH [ 127 ] but prolonged ooze is a recognised 
risk [ 128 ], and each day of prolonged wound 
drainage increases risk of wound infection by 
29–42 % following arthroplasty [ 128 ]. Wound- 
related complications following arthroplasty may 
increase in patients who receive rivaroxaban, a 
factor Xa inhibitor, for thromboprophylaxis 
[ 129 ].  

    Dental Care and Other Procedures 

 It has been suggested that patients requiring 
dental care post-arthroplasty should receive pro-
phylactic antibiotics [ 130 ]. Other authors argue 
that there is little evidence to suggest that bacte-
raemia associated with dental procedures causes 
prosthetic joint infection [ 131 ] – simple tasks, 
such as brushing teeth and chewing, can pro-
duce a greater bacteraemia than one dental pro-
cedure and it would be better practice for the 
surgeon to ensure dentition and oral health are 
up to standard prior to elective orthopaedic sur-
gery. Currently in the UK, the British Dental 
Association does not recommend antibiotics. 
The routine use of amoxicillin antibiotic pro-
phylaxis prior to dental procedures for patients 
with TJA may not be cost-effective in those 
where the risk of infection with dental work is 
low [ 132 ]. 

 Table  4.2  summarises the evidence for meth-
ods to reduce PJI.
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   Table 4.2    Methods for reducing surgical site infection in joint replacement   

 Risk factor  Summary 

  Patient factors  

 Diabetes 
mellitus 

 Aggressive glucose control 

 Rheumatoid 
arthritis 

 DMARDs and methotrexate should not be stopped 
 Peri-operative steroids are generally not required 
 Balance the risks and benefi ts of stopping anti-TNF – stop at 3-5 half lifes pre-operative, restart 
after wound healing and no evidence of infection 
 Nitrous oxide should be avoided in patients on methotrexate 

 Obesity  Dietician input to encourage weight loss 
 Adjust peri-operative antibiotic doses appropriately 
 In super-obese consider bariatric surgery prior to surgery 

 Smoking  Consider a smoking cessation programme 

 Carrier 
screening 

 MRSA and MSSA screening based on local guidelines, and decolonise prior to admission 

  Pre - operative factors  

 Patient 
preparation 

 Shower on day of surgery 
 If shaving required, use electric clippers on day of surgery 
 Avoid oil-based skin moisturisers 

 Antibiotics  Prophylactic antibiotics should be given as early as possible in the anaesthetic room, and 
continued for 24 h post-operatively (antibiotic type dependent on local guidelines) 
 Administer antibiotics at least 5 min prior to tourniquet infl ation 
 If cementation is required, antibiotic-impregnated should be used 

  Peri - operative factors  

 Theatre  Use laminar fl ow where possible 
 Keep theatre door opening to a minimum 

 Personnel  Hand wash with antiseptic surgical solution, using a single-use brush or pick for the nails 
 Before subsequent operations hands should be washed with either an alcoholic hand rub or an 
antiseptic surgical solution 
 Double glove and change gloves regularly 
 Polyprophylene non-woven gowns with adequate mask and hat coverage 

 Skin 
preparation 

 Use an alcohol pre-wash followed by a 2 % chlorhexadine-alcohol scrub solution 

 Anaesthetic  Maintain normothermia 
 Maintain normovolaemia 
 A higher inspired oxygen concentration peri-operatively and for 6 h post-operative may be of 
benefi t 

 Drapes  Use of iodine-impregnated incise drapes may be of benefi t (in patients without allergy) 

 Blood 
transfusion 

 Optimise pre-operative haemoglobin 
 If possible, transfusion should be avoided intra-operatively and if anticipated should be given 
more than 48 h prior to surgery 
 Antifi brinolytics may indirectly reduce SSI by reducing the need for transfusion 

  Post - operative factors  

 Dental 
procedures 

 Insuffi cient evidence to recommend the use of prophylactic antibiotics for patients undergoing 
routine dental procedures following joint replacement 

  Other  

 Surveillance  Initiatives have shown the benefi t of collecting and analysing data with appropriate feedback 
mechanism to prompt changes in practice [ 133 ] 

  Abbreviations:  DMARDs  disease-modifying anti- rheumatic drugs,  TNF  tumour necrosis factor,  MRSA  methicillin-
resistant  Staphylococcus aureus ,  MSSA , methicillin- sensitive  Staphylococcus aureus ,  SSI  surgical site infection  
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     Conclusion 

 A PJI following routine arthroplasty surgery 
can have disastrous consequences for the 
patient and is costly to healthcare providers. 
Given the wide variety of infection prevention 
tactics available a team-based approach is 
essential in order to reduce infection rates. 
Every possible step must be exercised to 
reduce contamination of the surgical wound 
and to optimise the patient’s capacity to eradi-
cate any colony forming units entering the 
wound. Common-sense approaches are 
required to minimise or correct physiological 
disturbances and attention should be given to 
theatre design and etiquette, identifi cation and 
control of MSSA carriers and the appropriate 
and timely use of prophylactic antibiotics. It is 
important to emphasize the need to educate the 
patient and all members of the healthcare team, 
and to increase awareness of the importance of 
their participation in preventive efforts.       
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