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Abstract

Periprosthetic joint infection (PJi) remains one of  the
most challenging complications after joint arthroplasty.
Despite improvements in surgical techniques and in the
use of  antibiotic prophylaxis, it remains a major cause
of  implant failure and need for revision. PJi is associa-
ted with both human host-related and bacterial agent-
related factors that can interact in all the phases of  the
procedure (preoperative, intraoperative and postopera-
tive). Prevention is the first strategy to implement in
order to minimize this catastrophic complication. 
the present review focuses on the preoperative
period, and on what to do once risk factors are fully
understood and have been identified.

Keywords: periprosthetic infection, risk factors, preo-
perative prevention.

Introduction

total hip replacement (tHR) and total knee replace-
ment (tKR) are cost-effective procedures, found to
be associated with a significant improvement in the
quality of  life of  patients in whom conservative ap -
proaches to degenerative disease such as osteoarthritis
(oA) had failed (1-3); the incidence of  failure after
joint replacement can be significantly reduced by
improvements in surgical techniques and implant
designs (4, 5).
However, periprosthetic joint infection (PJi) remains a

major cause of  implant failure and need for revision
(6-8). the incidence of  deep infection has certainly
declined since the early years of  joint replacement sur-
gery, with infection rates after tHR and tKR cur-
rently standing at around 0.3-0.6 and 1% respectively
(9). Despite this decline, PJi is still one of  the most
challenging complications after joint arthroplasty, and
it constitutes an economic burden, both on patients
and on society (10).
PJi is associated with both host- and agent-related fac-
tors. Although improvements in medical care have led
to longer life expectancy, the liberal prescription of
antibiotics by physicians is increasing the emergence of
antibiotic-resistant strains of  bacteria, such as methicil-
lin-resistant staphylococcus aureus (MRsA) (11-13).
numerous strategies are currently used to decrease
the incidence of  infection; some of  these are suppor-
ted by literature, whereas the validity of  others still
needs to be proven. improving host response and
decreasing the chances of  bacterial contamination in
all the phases of  the joint replacement procedure
(preoperative, intraoperative and postoperative) can
certainly reduce the incidence of  PJi.
Prevention is the first and best strategy to implement
in order to minimize this catastrophic complication. A
good understanding of  the risk factors can make it
easier to identify patients at high risk; similarly, proper
screening for pre-existing medical comorbidities, and
optimization of  these conditions, is also crucial (14).
the present report reviews the available literature on
the aspects to consider in the preoperative stage of
planned joint replacement surgery.

Patient-related risk factors

the early identification of  periprosthetic infection is
not straightforward, given that all diagnostic test
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results have limitations; sensitivity, specificity and pre-
dictive values and positive and negative results are not
completely reliable and PJi is thus diagnosed on the
basis of  a combination of  tests. PJi should be consi-
dered an unknown enemy, and this explains why it is
still hard to defeat (15).
Deep postoperative infection is traditionally classified
as early (< 3 months postoperatively), delayed (3-24
months), or late (> 2 years postoperatively) infection.
Almost one third of  deep infections occur within
three months and two-thirds within two years of  the
index operation. Hematogenous infection may occur
at any time after the operation, but its proportion
increases with increasing time since surgery. While the
infectious pathogen is thought to contaminate the
joint during surgery, most early and delayed infections
are potentially preventable by minimizing the possibi-
lity of  perioperative and early postoperative contami-
nation of  the prosthesis (9).
Prevention during the preoperative period is divided
into the early measures that are usually started imme-
diately after the initial consultation with the surgeon –
mainly consisting of  optimization of  the patient’s
general health – and the measures performed preope-
ratively and on the day of  the index operation, inclu-
ding preparation and decontamination of  the surgical
site (16).
in general, any comorbid condition that impairs the
host’s defense mechanism will prolong wound healing
and/or predispose to wound-related complications,
and should thus be considered a potential risk factor
for deep infection (9). 
Preoperative optimization of  the patient’s general
health status is crucial to ensure a satisfactory outcome
following a total joint arthroplasty (tJA) (16). Lai et al.
(17) evaluated the single and cumulative effects of
various comorbidities on the risk of  developing PJi
and showed that diabetes and the total number of
medical comorbidities were factors associated with a
higher risk of  infection; each medical condition was
associated with a 35% increased risk of  PJi. therefore,
before undergoing surgery, all patients should be asses-
sed and managed by a medical consultant in order to
optimize their general health status (16).
in our Department, all patients undergo a preoperati-
ve evaluation that includes blood tests and cardiac and
respiratory testing; urine analyses are required only in
those patients who have a previous history of  urinary

tract infection. After an interview with an anesthesio-
logist and examination of  the test results, patients may
be referred for further evaluation (by a cardiologist,
endocrinologist, pneumologist, etc.) in order to
address any general health problems. We prefer to
delay surgery until general health is optimized. 
it is recommended that particular attention be paid to
the following conditions:

Rheumatoid arthritis
Patients suffering from rheumatoid arthritis (RA),
compared with the non-RA population, are at twice
the risk of  developing infection, regardless of  the sur-
gical site. these patients are under long-term treat-
ment with a combination of  medications including
nonsteroidal anti-inflammatory drugs, glucocorti-
coids, disease-modifying antirheumatic drugs, and
tnF-α inhibitors. Physicians generally stop these
medicines before surgery; however the risk of  infec-
tion remains quite high. At five-year follow-up after
tKR, patients with RA had three times more infection
than patients with oA (4.2 vs 1.4%) (18-20). it seems
that drugs may differ in their effect on the healing
process; both corticosteroids and methotrexate are
given in small doses and usually have no influence on
wound healing. the tnF-α inhibitor group has been
shown to be associated with wound dehiscence; some
Authors share the view that these drugs should be
temporarily suspended in the perioperative period and
restarted as soon as it is clear that there is no evidence
of  infection and the wound has healed satisfactorily
(21, 22).

Diabetes
it has been shown that patients with diabetes mellitus
have higher risk of  infection (23, 24). Recent evidence
suggests that hyperglycemia plays a significant role in
the development of  postoperative infection and it has
also been reported to delay collagen synthesis and to
impair phagocytosis (25-28). Accordingly, strict con-
trol of  blood glucose levels in the perioperative setting
was associated with decreased morbidity in both non-
diabetic and diabetic patients (29, 30). Mraovic et al.
(31), in a retrospective study in patients who under-
went tHR and tKR, showed that a perioperative fast-
ing basal glycemia >200 mg/dl is associated with a
more than twofold increased risk of  infection com-
pared to a normal perioperative basal glycemia value;
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even patients without a diagnosis of  diabetes mellitus
were three times more likely to develop the infection
if  their fasting basal glycemia on the first postopera-
tive day was >140 mg/dl (31). Han et al. (32) showed
that poor preoperative glycemic control, defined as an
HbA1c level of  more than 8%, was associated with a
substantially increased risk of  a postoperative wound
complication after tKR.

Obesity, malnutrition, smoking
the prevalence of  obesity in industrialized and emerg-
ing countries is reaching epidemic proportions (33).
obesity is a well-documented risk factor for the devel-
opment of  oA (34-36). the literature provides no
definitive proof  of  a correlation between obesity and
incidence of  complications after tJA (37); however,
obese patients generally have more comorbidities than
non-obese patients; coexisting diabetes and peripheral
vascular disease may contribute to wound healing
problems and wound infection. Kerkhoffs et al. (37),
in a systematic review conducted to examine whether
obesity leads to a worse outcome following tKR,
showed that patients with a body mass index (BMi)
> 30 had more infections and a higher revision rate
than patients with a BMi < 30. therefore, in patients
with a BMi > 30, it is recommended to defer replace-
ment surgery. these patients should then be referred
to a specialist to receive a dietary program and to their
general physician for monitoring of  glycemic values
and thyroid hormones. in a patient with arthritic pain
in whom this approach has failed to result in weight
loss, extensive information about the increased risks
faced should be provided before proceeding with tJA
surgery.
Malnutrition and smoking delay wound healing and
increase the risk of  infection, as does alcohol abuse.
Malnutrition can be diagnosed in the presence of  a
serum transferrin level of  less than 200 mg/dl, a serum
albumin level of  less than 3.4 mg/dl, and a total lym-
phocyte count of  less than 1500 cells/mm3 (38, 39).
the levels of  the above-mentioned parameters should
be routinely ascertained from blood testing before tJA
surgery; when malnutrition is diagnosed, arthroplasty
should be delayed until the nutritional status improves
and the medical conditions are optimized.
singh et al. (40) found that preoperative smoking sta-
tus was a significant predictor of  postoperative com-
plication rates at 30 days and of  mortality at one year

in patients undergoing elective tJA. Current smokers
had significantly higher rates of  surgical site infection
(ssi), pneumonia, strokes and one-year mortality
compared to never smokers; they also had a 41%
increased risk of  ssi compared with never smokers;
however, no increase was found when they were com-
pared with prior smokers (40). A smoking cessation
program should be proposed to smokers wishing to
undergo elective arthroplasty; alternatively, these
patients should be invited to abstain smoking for at
least 30 days before the index operation. to provide
motivation, they should be reminded of  all the other
well-known health benefits of  smoking cessation, and
advised that the preoperative period might be seen as
a golden opportunity for quitting.

Other comorbidities (renal disease and ASA score)
there is no agreement over whether or not patients
with renal impairment have an increased risk of  infec-
tion. McCleery et al. (41) reported higher rates of
mortality, revision, infection and other complications
when tJA is performed in patients with renal impair-
ment, highlighting a direct relationship between dis-
ease severity and outcome of  tKR. Miric et al. (42),
whose study included patients with end-stage renal
disease, demonstrated that complication rates were
similar to those of  the general population. However,
both groups of  Authors agree these patients present
with a wide variety of  medical problems and require
close attention both during and well beyond the peri-
operative period (41, 42).
Preoperative risk can be calculated on the basis of  var-
ious scores. Measures like the modified Charlson
Comorbidity index (CCi) or the AsA score are valu-
able for quantifying a patient’s overall health. Patients
with an AsA score of  more than 2 or 3 are at signifi-
cantly higher risk of  developing infection after tJA.
Also, patients with a CCi greater than 4 are at a 157
and 117% increased risk of  developing infection after
tHR and tKR, respectively, compared with those
with a score of  0 (43-45).
the above conditions are all important risk factors for
developing PJi, and a multidisciplinary approach
seems to be the only way to reduce these risks. 
the Mayo Clinic recently presented a prosthetic joint
infection risk score, which demonstrated a good
capacity to discriminate subjects who will develop a
PJi from those who will not (46).
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Optimizing a patient’s condition
preoperatively

At the time of  the operation current symptomatic
infection must be excluded; the most common
sources of  hematogenous infection are the skin, the
urinary tract and the respiratory tract (including the
mouth and nose). With hip and knee replacement, the
skin of  the lower extremities should be completely
intact; major dental procedures should be performed
before joint replacement when possible (9).
staphylococcus aureus (s. aureus) is recognized as the
main pathogen responsible for ssi, and its contribu-
tion to this problem continues to increase (47).
nicholson et al. (48) conducted a molecular analysis of
DnA of  s. aureus causing ssi and showed that the
majority of  infecting strains were part of  the patient’s
resident normal nasal flora (48). Although preopera-
tive treatment using nasal mupirocin ointment reduces
the risk of  nosocomial s. aureus infections (in the
lower respiratory tract, and in the urinary tract), it has
not been proven to reduce the risk of  ssi in patients
with nasal s. aureus carriage (9, 49).
Urinary tract infection (Uti) is a common nosocomial
infection associated with bacteria responsible for PJi
(50, 51). the presence of  an urinary catheter is the
main risk factor for Uti and can precipitate bac-
teremia (51-54). there is no consensus among
Authors over whether Uti is a cause of  joint infection
and over the question of  whether urinary system
examinations should be routinely carried out at a
patient’s first visit, given that asymptomatic bacteriuria
does not need to be treated preoperatively, unlike
symptomatic Uti, which does need to be treated and
resolved before surgery (55-58).
A prior history of  intra-articular steroid injection into
the joint to be treated may be a risk factor for devel-
oping PJi; however, in a meta-analysis by Wang et al.
(59), no increased risk of  infection was identified
among patients who received steroid injections prior
to surgery. nevertheless, in our Department we delay
surgery in such patients for at least four weeks follow-
ing the last steroid injection.

Perioperative management

the sterile technique and measures described by the

Centers for Disease Control and Prevention (CDC)
Hospital infection Control Practices Advisory
Committee (38) should be used in joint replacement
surgery; however orthopaedic surgery and, in particu-
lar, replacement surgery has peculiar features that dif-
ferentiate it from general surgery.
the duration of  preoperative hospitalization should
be minimized to reduce the risk of  colonization of  the
patient’s skin with possibly resistant hospital-acquired
bacterial strains. it is preferable for the patient to be
admitted on the actual day of  the operation. Patients
must be invited to have a shower the day before the
surgery but no antiseptic agents are recommended.
Hair removal, using clippers or depilatory agents, must
also be performed immediately prior to surgery out-
side the operating room.
Zywiel et al. (60) recently proposed a protocol for skin
disinfection: six washcloths (82% chlorexidine impreg-
nated cloths) were used the evening before surgery
(neck-chest-abdomen, arms, right leg, left leg, back, sur-
gical site); the same procedure was then repeated the
morning of  surgery. the protocol was used in 136 of
912 total knee arthroplasties (15%). no ssis occurred
in the 136 patients who completed the protocol, where-
as 21 infections occurred in the 711 procedures (3.0%)
performed in patients who did not (60). 
in our practice, we use chlorexidine for disinfection of
the surgical site in the operating room and alcoholic
povidone iodine solution is used just before draping
the limb.
strong evidence is available in favor of  the use of  plas-
tic surgical adhesive tape and disposable paper drapes
for surgical site draping (61-64). iodine-impregnated
drapes have been shown to slow down recolonization
when compared with paper drapes and traditional plas-
tic adhesive tape (62) and this is the procedure we cur-
rently use for covering the surgical site.
Even though we do not believe that arthroplasty must
be performed only by dedicated and experienced sur-
geons, surgeon inexperience has been associated with
increased operating time and increased infection rates
(65). Furthermore, in tKR, Peersman et al. (66) found
the duration of  the procedure to be one of  the key
factors in the possible development of  postoperative
infection.
no consensus exists regarding the usefulness of
mobile laminar air flow (LAF) units during joint
replacement. Cost analysis shows that this technology
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has become substantially less expensive over the years;
Evans et al. (67), in a recent systematic review, showed
LAF use to be associated with a lower incidence of
PJi, notwithstanding the lack of  high-level of  evi-
dence from randomized trials. they identified operat-
ing room traffic as the main concern during tJA:
opening the operating room door disrupts the LAF,
allowing pathogens to enter the space surrounding the
surgical site. in order to mitigate this problem, careful
planning and anticipation of  instrument and implant
needs is essential; proper education of  operating room
staff  regarding the function of  the LAF system and
the relationship between traffic and infection may also
increase awareness (67-69). 
Although recent research (68) did not show a higher
incidence of  PJi when an arthroplasty was performed
in an operating room just used for surgery on a patient
with infection, the study may have been biased by the
small sample size; therefore, until further studies are
conducted, we prefer to avoid performing a clean case,
such as a tJR, in a room in which an infected proce-
dure has just taken place, and indeed recommend that
this practice be avoided. We also believe that reserving
an operating room exclusively for tJR procedures
could be beneficial (69).
A recent review showed that antibiotic prophylaxis
reduces the absolute risk of  wound infection by 8%
and the relative risk by 81% as compared with no
antibiotic prophylaxis (70). Parenteral cefazolin and
cefuroxime are the antibiotics of  choice due to their
excellent in vivo activity against staphylococcus and
streptococcus, their long half-life and their good tis-
sue penetration. the dose of  cefazolin is based on
patient’s body mass: 1 g for individuals weighing < 80
kg and 2 g for those weighing >80 kg. Clindamycin
and/or vancomycin may be considered for patients
with a confirmed beta-lactam allergy. the American
Academy of  orthopaedic surgeons recommends pro-
phylactic antibiotic infusion within one hour prior to
skin incision; the duration of  antibiotic administration
should not exceed 24 hours (71).
Parenteral cefazolin for 24 hours is our standardized
protocol: in fact the first dose is given at least 30 min-
utes before skin incision and, in knee replacements,
antibiotic infusion is finished at least 10 minutes
before application of  a tourniquet (if  used). Patients
receive  subsequent doses of  cefazolin every 6 hours
for the first 24 hours. in the event of  a prolonged sur-

gical procedure, an additional intraoperative dose is
provided.
Even with careful observance of  all these rules, PJi
remains a major challenge for orthopaedic surgeons.
Undoubtedly, some elements are still not well known
and understood. Rodriguez-Merchan (72) conducted a
systematic review and identified depression and psy-
choses as independent risk factors for postoperative
infection. Depression may be associated with poor
nutritional status, an important risk factor for the
development of  PJi; in addition, patient collaboration
after a joint replacement is of  essential importance to
avoid complications. 
therefore, we recommend integrating evaluation of
coexisting depression into the initial medical screening
and delaying surgery in patients found to be affected;
we strongly believe in the importance of  dedicated
preoperative programs targeting patients and includ-
ing explanation of  the surgical technique, of  the
recovery times, and of  the risks and benefits of  the
index procedure. Finally, social interaction between
people who have already had joint replacement sur-
gery and patients who are awaiting it could also be
useful.

Conclusions

Understanding of  the risk factors presented by indi-
vidual patients and careful application of  the rules for
the preoperative prevention of  ssi are both essential
aspects in order to reduce the overall incidence of  PJi.
All potentially modifiable risk factors should be opti-
mized before surgery. the surgeon should clearly
explain the procedure to the patient and, also his/her
individual risk of  infection. A multidisciplinary ap -
proach is essential to optimize the patient’s general
health. Although significant advances have been made
in recent decades, there remain many questions re -
garding standardized practice to prevent PJi. 
Additional randomized controlled trials are needed to
better define the role of  both modifiable and non-
modifiable risk factors. Additionally, surgeons should
consider the patient’s compliance and mental status,
given that the patient’s behavior and compliance might
be considered active elements in achieving a satisfac-
tory outcome of  tJR. 
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