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Prevention
1.1. PREVENTION: HOST RELATED

Authors: Richard Iorio, Zlatan Cizmic, James E. Feng, Setor Kunustor 

QUESTION 1: What are the absolute and relative contraindications to elective primary total 
joint arthroplasty (TJA), with respect to surgical site infection (SSI) and periprosthetic joint 
infection (PJI) risk?

RECOMMENDATION: Elective joint arthroplasty is contraindicated in patients with an infectious lesion in the ipsilateral extremity, until the 
infection is resolved. TJA needs to be deferred in patients with uncontrolled conditions such as diabetes, malnutrition, chronic kidney disease, as 
well as other diseases that are known to increase the risks of SSIs/PJIs.

LEVEL OF EVIDENCE: Strong

DELEGATE VOTE: Agree: 90%, Disagree: 7%, Abstain: 3% (Super Majority, Strong Consensus)

RATIONALE 

Immunosuppression and Rheumatoid Arthritis (RA)
(Relative Modifi able Risk Factors (MRF))

Evidence Strength: Moderate 

Current studies evaluating the risks of PJIs in immunosup-
pressed patients have primarily been grounded in transplant 
patients (discussed in later sections), and those receiving biologics 
or non-biologic disease modifying anti-rheumatic drugs (DMARDs). 
In a Japanese study by Momohara et al., the risk for post-TJA SSI due 
to biologic DMARDs was compared against that of non-biologic 
DMARDs in RA patients [1]. Of note, non-biologic DMARDs were 
continued throughout the perioperative period, but biologic 
DMARDs were withheld in concordance with the British Society 
for Rheumatology and Japanese College of Rheumatology guide-
lines (~2 to 4 weeks based on half-life). The odds ratio (OR) for SSIs 
with biologic DMARDs was 5.69 (95% confi dence interval (CI) 2.07-
15.61). Furthermore, multiple logistic regression analysis found 
tumor necrosis factor-α blocker therapy to be the most potent of 
the biologics, with infl iximab conferring a 9.8 greater odds (OR 2.41-
39.82) and etanercept conferring 9.16 greater odds (95% CI 2.77-30.25) 
for SSIs. The only other signifi cant risk factor for increased SSIs was 
RA disease duration (OR 14.5; 95% CI 8.9–21.0). A separate Japanese 
hospital surveillance study also demonstrated a smaller, but signifi -
cant increase in SSIs with biologic DMARDs when compared to non-
biologic DMARDs (OR 2.12; 95% CI 1.48–3.03) [2].

Conversely, a Danish database study comparing biologic versus 
non-biologic DMARD treated TJA candidates found no signifi cant 
diff erences in PJI rates (adjusted hazards ratio 1.61; 95% CI 0.70-3.69) 
[3]. Furthermore, glucocorticoid exposure within 90-days of surgery 
was found to increase the 1-year risk for PJIs (OR 2.31; 95% CI 1.09 to 
4.89). Lastly, one-year PJI risk was also elevated in RA patients when 
compared to osteoarthritis patients (OR 1.59; 95% CI 1.23-2.04).

The American College of Rheumatology (ACR) and American 
College of Hip and Knee Surgeons (AAHKS) have recently devel-
oped guidelines with regards to biologic and non-biologic drug 

management in the perioperative period [4]. Current guidelines 
indicate biologic DMARDs are to be discontinued in the periopera-
tive period based on medication half-lifes. However, discontinua-
tion may still not deter the risks conferred. In general, traditional, 
nonbiologic DMARDs can be continued throughout the periopera-
tive period.

Intra-articular Injections (Modifi able)

Evidence Strength: Strong
In a matched cohort database study by Cancienne et al., patients 

receiving intra-articular corticosteroid injections of the knee were 
separated into three cohorts based on the last injection prior to 
surgery: 0 to 3 months, 3 to 6 months and 6 to 12 months. Matched 
controls were selected based on the absence of any previous intra-
articular injections. Patients receiving intra-articular steroids 0 to 
3 months before surgery demonstrated an increased risk for infec-
tion at 3 months (OR 2.0; 95% CI 1.6-2.5; 2.60% vs. 1.33%) and 6 months 
(OR 1.5; 95% CI 1.2-1.8; 3.41% vs. 2.34%) postoperatively. For patients 
receiving corticosteroids more than 3 months preoperatively, no 
increase in postoperative PJI was observed. A similar database study 
of 173,958 THAs by Schairer et al. showed intra-articular corticoste-
roid injections 0 to 3 months preoperatively increased the risk of 
infection 0 to 3 months (Hazard Ratio (HR) 1.52), 3 to 6 months (HR 
1.46) and 6 to 12 months (HR 1.39) postoperatively [5]. Similar to the 
fi ndings from Cacienne et al., it was reported that steroids injected 
greater than three months preoperatively did not increase postop-
erative PJI risks.

The quantity of intra-articular steroid injections within one 
year of surgery may also play a role in PJIs. Chambers et al. reported 
increased infection rates in patients who received two or more intra-
articular steroid injections (OR 3.30; 2.0% vs. 6.6%) when compared to 
those who only received one. Like the studies performed by Canci-
enne et al. and Schairer et al., viscosupplementation patients were 
excluded from the study.
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Current systematic reviews and meta-analyses have att empted 
to bett er defi ne the eff ects of intra-articular injections, but a paucity 
of prospective studies, randomized-control trials and highly vari-
able study designs have led to highly confounded and poorly defi ned 
results [6–9]. Moreover, with PJI rates of approximately 3% in total 
knee arthroplasty (TKA) [10] and 0.4-2.2% in total hip arthroplasty 
(THA) [11,12], current studies are reported to be too underpowered to 
detect the diff erences in PJI rates.

There is strong evidence that surgery should be absolutely 
delayed for a minimum of three months following intra-articular 
steroid injections. Surgeons may also consider intra-articular injec-
tions of the knee within three months to one year a potential rela-
tive contraindication. However, future large cohort or randomized 
control trials are required to assess the true risks. Evidence regarding 
viscosupplementation is unavailable.

Body Mass Index (BMI) ≤ 20 (Modifi able)

Evidence Strength: Moderate
In a case-control study of 27 patients by Manrique et al., under-

weight patients (BMI <18.5 kg/m2) suff ered from an increased risk for 
SSIs (11.1% vs. 0.0%). Conversely, in a database study of 4,665 TJAs by 
Anoushiravani et al., patients who are underweight (BMI ≤ 19 kg/m2) 
were at reduced risks for PJIs (OR 0.23; 95% CI 0.09-0.61) [13]. Similarly, 
when underweight patients were compared to obese patients, no 
diff erences in infection rates were observed [14]. Current evidence 
for or against PJIs in underweight patients are equivocal; however, 
due to the multitude of complications associated with underweight 
patients, TJA is relatively contraindicated, and medical optimization 
should precede TJA.

Obesity (Modifi able)

Evidence Strength: Strong
In a retrospective database study by Werner et al., postopera-

tive outcomes of 891,567 patients undergoing THA were stratifi ed 
into four distinct cohorts: non-obese (BMI < 30 kg/m2), obese (BMI 
30-40 kg/m2), morbidly obese (BMI 40-50 kg/m2) and super-obese 
(BMI > 50 kg/m2) [15]. The risks of SSIs increased with increasing 
BMI. SSI rates were noted to be 0.8% in the non-obese, 2.6% in the 
obese, 5.2% in the morbidly obese and 12.4% in the super-obese. In a 
study of 71,599 cases by Fu et al., wound complications (superfi cial 
infections, deep surgical site infections, organ space surgical site 
infections or wound dehiscences) were also observed to positively 
correlate with BMI, with 0.8% of non-obese patients experiencing 
wound complications, 0.9% in class 1 obesity, 1.0% in class 2 obesity 
and 1.7% in class 3 obesity [16]. In addition, patients diagnosed with 
malnutrition were two times more likely to have wound compli-
cations (2.0% vs. 1.0%). Hypothyroidism should also be evaluated 
in this population, as new studies indicate a potential causal link 
between the two disease states and PJI [17,18]. These fi ndings of 
increased SSIs with obesity have been supported by several meta-
analyses [19–21]. Current management guidelines indicate weight 
loss is helpful in reducing PJIs in this patient population. Hence, 
obesity is considered a relative contraindication while morbid 
obesity serves as an absolute contraindication. However, the 
current approach to weight loss protocols is highly controversial, 
with no absolute guidelines for which methodology (e.g., diet/
exercise vs. medically prescribed very low-calorie diets vs. bariatric 
surgery) is superior.

Bariatric Surgery (Non-modifi able)

Evidence Strength: Strong
Studies regarding the eff ect of pre-TJA bariatric surgery remain 

equivocal. In a matched cohort study by Inacio et al., bariatric surgery 
did not result in signifi cantly lower rates of 1-year deep or 30-day 
superfi cial infections when compared among patients with bariatric 
surgery > 2 years prior to TJA (superfi cial 0%; deep 1.5%), those with 
bariatric surgery within 2 years of TJA (superfi cial 2.0%; deep 1.0%) and 
obese patients without bariatric surgery (superfi cial 1.2%; deep 0.5%) 
[22]. In a study by Watt s et al., bariatric patients experienced a non-
signifi cant trend towards lower infection rates compared to controls 
matched by BMI (HR 1.3; 95% CI 0.8-20.3) [23]. It is suspected that in 
patients undergoing bariatric surgery prior to TJA, the risks for PJIs 
are reduced due to decreasing BMIs, but is off set by the increased risk 
for malnutrition. Improved patient stratifi cation (e.g., malnutrition 
workup) may allow for bett er risk appraisal of these patients preop-
eratively.

Malnutrition (Modifi able)

Evidence Strength: Strong

The estimated prevalence of malnutrition in TJA patients ranges 
from 27 to 50% [24–26]. Malnutrition patients can be described 
using a variety of markers including serum albumin < 3.5 g/dL, total 
lymphocyte count < 1,500/mm3, and/or transferrin < 200 mg/dL 
[27,28]. Multiple reviews have supported the claims that the degree 
of malnutrition correlates with an increased risk of impaired wound 
healing, persistent wound drainage, PJI and low success rates of the 
initial irrigation and debridement (I&D) [29–35]. In a small cohort 
study by Lavernia et al., it was reported that 4.54% of patients with 
an albumin < 3.5 g/dL developed a deep infection versus 2.06% in 
controls [36]. Many other studies have confi rmed malnutrition to 
be a signifi cant risk factor for prolonged hospitalization and postop-
erative complications, particularly SSIs and PJIs [33,37]. In a prospec-
tive study of 779 primary TJA patients, Kamath et al. found the inci-
dence of preoperative albumin < 3.5 g/dL to be 15% [38]. In a sepa-
rate, matched cohort study, malnutrition (albumin < 3.5 g/dL) was 
determined to be an independent risk factor for PJIs (adjusted OR 
3.00, 95% CI 1.56 to 5.75) [39]. In a propensity-matched, retrospective, 
American College of Surgeons National Surgical Quality Improve-
ment Program (ACS NSQIP) database analysis of 34,800 TKA patients 
with preoperative albumin levels, Fu  et al.  reported that preopera-
tive hypoalbuminemia was a strong predictor for multiple complica-
tions (OR 1.78, 95% CI 1.20 to 2.64) [16]. A retrospective cohort-control 
study of 49,603 TJAs reported the prevalence of hypoalbuminemia to 
be 4%, placing patients at a  signifi cantly higher risk of SSIs (risk rate 
(RR) 2.0, 95% CI 1.5 to 2.8) [40]. 

In a retrospective cohort, Jaberi et al. confi rmed that malnutri-
tioned TJA patients were more likely to develop a deep infection and 
require further treatment with I&D [28]. Of these I&D patients, 35% 
continued to fail. Bohl et al. found that patients with hypoalbumin-
emia were three times more likely to have an indication of sepsis for 
revision arthroplasty (RR 3.8, 95% CI 3.4 to 4.3), and twice as likely to 
develop PJIs within 30 days of revision for aseptic indications (RR 
2.1, 95% CI 1.2 to 3.5) [41]. A retrospective cohort study of 501 revision 
TJAs for PJIs noted the incidence of at least one laboratory parameter 
suggestive of malnutrition was 51% (OR 2.3, 95% CI 1.5 to 3.5) [32]. After 
multivariate analysis, Yi et al. found that malnutrition was a signifi -
cant risk factor for chronic septic failures (OR 2.131, 95% CI 1.294 to 
3.512) and acute PJIs complicating aseptic revision arthroplasty (OR 
5.858, 95% CI 1.317 to 26.057). Severely malnutritioned patients are at 
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a signifi cantly increased risk of PJIs/SSIs after primary TJA, and expe-
rience even more dramatic rates of failure and infection in revision 
procedures.

Malnutrition is therefore a relative contraindication for TJA. 
However, current guidelines recommending which patient popu-
lations to screen are currently absent. Severe malnutrition (serum 
albumin < 3 g/dL), however, should be an absolute contraindication.

Diabetes Mellitus (Modifi able)

Evidence Strength: Strong
Outcomes regarding PJIs in diabetic patients have been contro-

versial. In a retrospective cohort study of 56,216 knees, the diagnosis 
of diabetes was reported to confer a 1.28 (HR; 95% CI 1.03 to 1.60) 
greater risk for PJIs, when compared to non-diabetic controls [42]. In 
a Chinese study of 1,133 TKAs by Lee et al., diabetes was reported to 
be associated with a 6-fold (OR 6.07; 95% CI 1.43-25.75) increased risk 
for PJI when compared with unmatched controls [43]. In a separate 
study based on Chinese patients, Wu et al. showed an adjusted risk 
for PJIs of 5.47 (95% CI: 1.77 to 16.97) over controls. Several metanal-
yses have also reported a signifi cantly elevated rate of PJIs within the 
diabetic population [19,42,44–48].

Conversely, in a high-quality study utilizing the Mayo Clinic 
Total Joint Registry, diabetes was reported not to be a risk factor for 
PJIs (HR 1.23; 95% CI 0.87 to 1.74) when confounding variables were 
appropriately adjusted for age, gender, BMI, type of surgery (THA 
vs. TKA), American Society of Anethesiolgists (ASA) score and opera-
tive time [49]. A separate high-quality retrospective database study 
by Martinez-Huedo et al. also demonstrated no substantial increases 
in PJIs in diabetic patients undergoing THAs (0.46 vs. 0.44%) or 
TKAs (0.24 vs. 0.24%) [50]. Similar to the Mayo Clinic Joint Registry 
report, this study extensively matched patient cohorts by variables 
including: year of surgery, age, sex and all of the comorbidities 
listed in the modifi ed Elixhauser Comorbidity Index. Together, they 
indicate that diabetes may not be the primary driver of postopera-
tive PJIs. Instead, confounding variables such as diabetic end-organ 
damage (e.g., chronic kidney disease, vascular disease, etc.), may be 
the underlying cause for PJIs in this population.

Studies regarding the utility of perioperative glucose and preop-
erative hemoglobin A1c (HbA1c) monitoring have also been highly 
heterogeneous [49,51–56]. In the Mayo Clinic Joint Registry study, 
after adjusting only for age and gender, perioperative glucose (+/-1 
day/week) and preoperative HbA1c monitoring were not found to 
correlate with postoperative PJIs [49]. In a study by Iorio et al., HbA1c 
was not signifi cantly diff erent between infected diabetic (HbA1c 
mean 6.2%; range 5.1 to 11.1%) and nondiabetic (HbA1c mean 6.92%; 
range 4.7 to 15.1%) TJA patients. Chrastil et al. showed a signifi cant 
increase in PJIs when evaluating maximum perioperative glucose, 
particularly with a cutoff  of ≥ 194 mg/dL (HR 1.44; 95% CI 1.10 to 
1.89), but reported no increase in PJIs for patients with HbA1c > 7% 
(HR 0.86; 95% CI 0.68 to 1.1) [53]. However, when graphed, an evident 
infl ection point for increased PJIs appeared when HbA1c levels rose 
above approximately 8 to 9%. Similarly, serum glucose demonstrated 
an overt increase in infection rates when glucose levels rose above 
~200 mg/dL. A meta-analysis study by Shohat et al. only showed non-
signifi cant trends for increased SSIs when correlating PJIs with HbA1c 
levels in a pooled OR of 1.49 (95% CI 0.94 to 2.37). The study reported 
signifi cant heterogeneities between studies (I2 = 81.32%; p < 0.0001).

Diagnosis of diabetes, preoperative hyperglycemia and elevated 
HbA1c are not likely  direct risk factors for PJIs, but more likely to 
be indirect markers of more serious comorbid conditions (e.g., 
chronic kidney disease (CKD), peripheral vascular disease (PVD), 

etc.). Patients, with a sole diagnosis of well-controlled diabetes, do 
not confer a clinically signifi cant risk for PJIs. However, further evalu-
ation and optimization are necessary for patients with uncontrolled 
diabetes, end-organ damage or other clinically relevant comorbid 
conditions. Elevated perioperative glucose and HbA1c are equivocal 
in predicting PJIs, but should still be optimized in the periopera-
tive period. However, severely uncontrolled diabetes is an absolute 
contraindication for TJA (e.g., serum glucose ≥ 200 mg/dL). For those 
with HbA1c ≥ 8 to 9% or glucose levels between 180 to 200 mg/dL, opti-
mization may be a consideration in the preoperative period.

Chronic Kidney Disease (CKD) (Modifi able)

Evidence Strength: Strong
In a retrospective database study by Cavanaugh et al., patients 

undergoing primary TJA with CKD/end-stage renal disease (ESRD) 
were associated with a signifi cantly increased risk for SSIs when 
compared to matched, non-CKD/ESRD controls (OR 1.59; 95% CI 1.14 
to 2.21) [57]. When stratifi ed by a patient’s dependence on hemodi-
alysis, patients requiring dialysis were at signifi cantly increased risk 
for SSIs compared to non-dialysis, CKD/ESRD controls (OR 2.44; 95% 
CI 1.27 to 4.70). When compared to CKD/ESRD patients who under-
went renal transplant surgery, dialysis patients also fared signifi -
cantly worse (OR 2.92; 95% CI 1.93 to 4.42).

The risks of SSIs/PJIs in patients that do not require dialysis is 
uncertain. In two large separate database studies by Kildow et al. and 
Erkocak et al., CKD versus non-CKD did not show elevated risks for 
SSIs or PJIs. However, it should be noted that patient-matching was 
more extensive in Cavanaugh’s study, and that it is diffi  cult to assess 
the severity of CKD progression in the large database studies.

In a Medicare database study, patients were divided into fi ve 
cohorts: (1) diabetes mellitus (DM) and THA, (2) DM, THA, CKD, (3) 
DM, THA, Hemodialysis (HD), (4) DM, THA, Renal Transplant (RT) 
and (5) age/gender-matched controls. At 90-days, the risk for PJIs 
increased with worsening comorbidity status: DM/THA OR 2.85 (95% 
CI 2.54 to 3.19), DM/THA/CKD OR 4.19 (95% CI 3.58 to 4.91) and DM/THA/
HD OR 6.61 (95% CI 4.25 to 10.27). DM/THA/RT demonstrated no signif-
icant increases in PJI risks over that of control (OR 1.12; 95% CI 0.60 
to 2.07), but by 2 years DM/THA/RT became signifi cant with an OR of 
1.45 (95% CI 1.04 to 2.04). Compared to previous studies, the risk of 
PJIs due to diabetes may be synergistic with CKD. This risk is similar 
to that reported by Cavaughn et al. (OR 2.03, 95% CI 1.53 to 2.7) [57].

In summary, patients with CKD are at increased risks for post-
operative SSIs, but require stratifi cation to adequately assess their 
risk. Current evidence suggests that patients with ESRD requiring 
hemodialysis fare worse than non-hemodialysis CKD and renal 
transplant patients. With the reduced risks for postoperative SSIs/
PJIs, patients on hemodialysis should be evaluated for renal trans-
plant prior to TJAs.

Clott ing Disorders (Non-modifi able)

Evidence Strength: Moderate
Comparative studies examining the eff ects of clott ing disorders 

and risks for PJIs/SSIs are limited, with most studies reporting only on 
the natural history or incidence. In a study by Cancienne et al., the risk 
of PJIs in two cohorts undergoing primary TKAs, hemophiliacs and 
patients with von Willebrand’s disease were compared against those 
of matched controls without a bleeding disorder [58]. At 3 months, 
hemophiliacs suff ered from a 1.5 greater odds (95% CI 1.2 to 2.0) for 
PJIs, and patients with von Willebrand’s disease trended towards 1.4 
greater odds (95% CI 0.9 to 2.1) for PJIs. PJI rates were marked by six 
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months for both groups (hemophilia OR 1.6 (95% CI 1.4 to 2.0); von 
Willebrand’s disease OR 1.5 (95% CI 1.1 to 2.0)). Large cohort database 
studies demonstrate inconsistent fi ndings regarding coagulopa-
thies [18,59–61]. However, these studies have failed to sub-analyze 
the underlying pathologies (e.g., Vitamin K defi ciency, von Wille-
brand’s disease, etc.) responsible for abnormal clott ing, therefor 
potentially confounding results.

Currently, the study by Cancienne et al. is the largest, compara-
tive study directly assessing patients with blood clott ing disorders. 
Patients affl  icted by clott ing disorders are more likely to suff er from 
PJIs due to their increased risks for hemoarthropathies. Manage-
ment of these patients, particularly with regards to venous throm-
boembolism (VTE) prophylaxis, remains challenging. Patients with 
clott ing disorders are relative contraindications to TJA.

Previous Infection of the Operative Joint (Non-modifi able)

Evidence Strength - Strong
In a retrospective cohort study by Pugely et al., patients under-

going elective primary TJAs with a history of previous wound infec-
tion were reported to be at a 5.0 greater odds (95% CI 2.3 to 10.9) for 
SSIs when compared to patients without a history of joint infections 
[62]. Similarly, in a study of patients affl  icted by RA, history of joint 
infections also resulted in increased risks for postoperative PJIs (OR 
5.4; 95% CI 1.87 to 16.14) [63]. Patients reporting previous infections 
of the joint should be evaluated for active infections with erythro-
cyte sedimentation rate (ESR) and C-reactive protein (CRP). Surgery 
should be delayed for those with markers of active infections.

Active Infection (Modifi able)

Evidence Strength - Strong
Systemic or local tissue infections have also been associated 

with hematogenous or direct seeding of the prostheses after TJA 
[64–70]. Active infections of an arthritic joint have also been proven 
to increase the rates of PJIs after TJA substantially [71,72]. A retrospec-
tive case-control study found that active Staphylococcus septicemia 
was associated with an increased risk of SSI OR 4.87 (95% CI 1.44 to 
15.35) [73]. More interestingly, Radtke et al. reported that preopera-
tive systemic extended-spectrum beta-lactamase bacterial infections 
within 15 months of THAs signifi cantly increased the risks for PJIs 
(OR 20.13) [74]. Grammatico-Guillon et al. reported that patients 
with active ulcers preoperatively had signifi cantly higher rates of 
SSIs following TJA versus those without ulcers (HR 2.55; 95% CI 1.94 to 
3.35) [75]. The authors also showed that patients with urologic infl am-
matory diseases have also been noted to have increased risks for SSIs 
after TJAs. However, randomized control trials and metanalyses 
have indicated that patients with asymptomatic bacteriuria do not 
appear to be at increased risks for PJIs [76,77]. Moreover, PJI cultures 
were never the same as the urologic cultures. Larger database studies 
and retrospective chart reviews have demonstrated no associations 
between urinary tract infections and PJIs [59,60,78].

In summary, to prevent the catastrophic sequelae of PJIs, active 
infections of the joint, bloodstream or local tissue are an abso-
lute contraindication to surgery and should be managed prior to 
performing a TJA.

Human Immunodefi ciency Virus (HIV) (Modifi able)

Evidence Strength: Moderate
In a cohort study utilizing the National Inpatient Sample (NIS)

database between 1998 and 2010, HIV(+) patients demonstrated a 

signifi cant 2.78 odds (95% CI: 1.15 to 6.72) of developing SSIs [79]. A 
similar study by Schairer et al. also reported a 2.06 (95% CI: 1.31 to 3.26) 
greater odds for PJIs in HIV/Aquired Immune Defi cency Syndrome 
(AIDS) patients, but did not diff erentiate between the two cohorts. 
The eff ects became more evident in the study by Tan et al., which 
demonstrated 4.44 greater odds (95% CI: 2.47 to 7.99) for PJIs in the 
AIDS patient population. More recent cohort studies, such as those 
by Capogna et al. and Lin et al., reported only non-signifi cant trends 
towards increased infections (OR 6.6 (95% CI 0.64 to 61.0) and OR 3.8 
(95% CI 0.06 to 76.75), respectively) in cohorts with HIV [80–82]. Argu-
ably, these discrepancies may be the result of improved HIV anti-
retroviral therapies and protocols.

Hepatitis co-infection should be investigated and addressed in 
all patients with HIV. The estimated incidence of hepatitis C co-infec-
tion is reported to be 23.2 to 37.0%, and co-infection with hepatitis B 
is 10.1 to 24.0% [80,83]. In a matched-cohort Medicare database study 
by Kildow et al., patients were stratifi ed by concomitant hepatitis 
infections: (1) HIV, (2) hepatitis B virus (HBV), (3) hepatitis C virus 
(HCV), (4) HIV with HBV or HCV and (5) matched HIV(-) controls 
[84]. When examining HIV (+) patients only, PJI infections at 90-days 
post-TKA/THA and 2-years post-THA were not signifi cantly diff erent 
from HIV(-) controls. Conversely, PJI risks in HIV(+) with HBV(+) or 
HCV(+) patients were elevated at 90-days post-TKA (OR 2.32; 95% CI 
1.27 to 4.25), 2-years post-TKA (OR 2.17 1.48 to 3.18) and 2-years post-THA 
(OR 2.67 1.59 to 4.47) when compared to matched HIV(-) and HBV(-) 
and HCV(-) controls.

Similarly, in a meta-analysis of PJIs in HIV only versus HIV with 
hemophilia patients, hemophilia conferred a 5.28 greater odd (95% CI 
2.24 to 11.98) for PJI [85]. A separate analysis was also carried out exam-
ining the eff ects of HIV with and without highly active antiretrovial 
therapy (HAART) for PJI [85]. Patients receiving HAART were found 
to have a signifi cantly reduced risk (OR 0.12; 95% CI 0.03 to 0.44) for 
PJIs [57].

Current recommendations regarding TJAs in patients with HIV 
indicate all patients undergoing TJA should be initiated on HAART 
therapy immediately, regardless of CD4+ counts and viral load. 
Untreated HIV patients are absolutely contraindicated for TJAs. 
However, due to the logistical nature of clinical studies, no studies to 
date have been developed to adequately correlate, stratify or control 
for CD4+ counts and HIV viral loads in relation to PJI outcomes. It  is 
recommended that patients on HAART therapy maintain a preopera-
tive CD4+ count of at least ≥ 200 or greater.

MRSA Colonization (Modifi able)

Evidence Strength: Strong
Outcomes regarding methicillin-resistant Staphylococcus aureus 

(MRSA) colonization in TJA patients have primarily been studied in 
small sample sizes with highly variable outcomes. Kalmeijer et al. 
determined that high-level nasal carriage of S. aureus was a signifi -
cant independent risk factor with a risk rate (RR) of 16.0 (95% CI 3.1 
to 82.2) for developing an S. aureus SSI [86]. Subsequent studies have 
also demonstrated that THA patients colonized by MRSA have an 
elevated relative risk for SSIs of 4.46 (CI 95% 1.12 to 17.82; 5.26 vs. 1.17%) 
when compared to non-colonized cohorts [87]. Similarly, in TKA 
patients, the RR for SSIs was 5.61 (95% CI 1.81 to 17.38; 7.32 vs. 1.3%). A 
retrospective analysis of patients with PJI reported S. aureus coloniza-
tion to have a 3.97 greater odds (95% CI 1.49 to 10.54) for PJI compared 
to control groups [88]. Furthermore, S. aureus colonization has 
been found to have an additive eff ect with active tobacco use, revi-
sion surgery, and/or BMI ≥ 30 kg/m2, increasing the risk 3 to 12 times 
that of controls [89]. A number of prospective studies and system-
atic reviews in both the orthopaedic and general surgery literature 
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have reported rapid screening and decolonization of S. aureus nasal 
carriers on admission to be eff ective [90,91].

S. aureus screening and treatment are quick, inexpensive and 
simple and should be performed on all patients prior to surgery. A 
small number of patients do not respond to treatment and remain 
chronic carriers. Although their risk remains elevated for PJIs, 
continued S. aureus colonization is a relative contraindication to 
elective primary TJA, but may be managed with intraoperative, local 
vancomycin. However, the use of vancomycin must be balanced 
against the risk for acute kidney injury [92].

Bacterial Skin Colonization Other Than MRSA (Modifi able)

Evidence Strength: Strong
Preoperative chlorhexidine-based skin preparation has been 

proposed as a method of reducing SSIs. In a randomized control 
trial by Kapadia et al., use of chlorhexidine-impregnated clothes the 
night before or the morning of admission reduced the 1-year PJI rate 
by 2.5% (2.9 vs. 0.4%) when compared to the previous standard of care 
(OR 8.15; 95% CI 1.01 to 65.6) [93]. Similar results have been observed 
in a previous retrospective cohort study (in the same institution) 
[94,95], as well as in the general surgery patient population [96].

Hepatic Disease

Evidence Strength: Strong

Hepatitis (Modifi able)
A retrospective study by Kuo et al. looking at 3,435 TKA patients 

in the Taiwanese Longitudinal Health Insurance Database reported 
that males with HBV had a 4-fold, (OR; 4.32; 95% CI 1.85 to 10.09) 
increased risk of PJIs compared to those without HBV [97]. The PJI 
risk was highest 6 months to 1 year following TKA (HR 18.7; 95% CI 
1.90 to 184) and decreased after the fi rst year (HR 4.8; 95% CI 1.57 to 
14.7). The authors reported no diff erences in PJI incidences between 
patients without HBV in the fi rst month. The presence or absence 
of cirrhosis and HCV infection did not further infl uence PJI risks 
in these patients. Interestingly, HBV did not appear to signifi cantly 
increase the risk of PJIs for females.

In a retrospective, matched control study of 77 HCV(+) TJAs, 
there were no diff erences in PJI incidences in HCV(+) versus HCV(-) 
patients [98]. However, of the two infections in the HCV(+) group, 
both were deep infections that required reoperation. Meanwhile, 
both infections in the control group only reported superfi cial infec-
tions that were treated with IV antibiotics. When the HCV cohort was 
further stratifi ed by disease progression, the incidence of PJIs was 
noted to be markedly higher in patients whose disease progressed 
to fi brosis (21 vs. 0%). Kildow et al. reviewed 22,663 TJA patients using 
the PearlDiver Medicare database and found increased TJA PJI risks 
for HCV(+) patients at 90-days (OR 1.96; 95% CI 1.53 to 2.50) and 2 
years (OR 1.93, 95% CI 1.66 to 2.25), as well as in HBV(+) patients at 2 
years (OR 1.66; 1.06 to 2.59) [99]. Although not directly compared to 
one another, concomitant HIV infection appears to increase infec-
tion rates further. With new HCV treatments, it will be important to 
observe the eff ects of HCV resolution and PJI outcomes.

Liver Cirrhosis (Modifi able)
To bett er delineate the eff ects of cirrhosis versus hepatitis, Jian 

et al. performed a matched control cohort study using 880,786 TJA 
patients from the NIS database [82]. When compared to controls, 
HBV(+) patients without cirrhosis were found to be at no increased 
risk for PJIs (1.22 (HR; 95% CI 0.77 to 1.95), while HCV(+) patients 

without cirrhosis were at a 2-fold greater risk for PJI (HR 2.33; 95% CI 
1.97 to 2.76), and patients with cirrhosis were at 2.42 greater odds for 
PJIs (95% CI 1.87 to 3.12). In a large Danish database study by Deleuran 
et al., deep infection at one year was higher in cirrhotic patients than 
matched controls (OR 1.65; 95% CI 0.61 to 3.56; 3.1 vs. 1.4%) [100].

Other small, retrospective studies regarding liver cirrhosis 
demonstrated mixed results. Seol et al. retrospectively compared 
71 cirrhotic patients undergoing elective TJA against non-cirrhotic 
controls [101]. Only a non-signifi cant trend towards increased PJIs 
(13.5 vs. 5.6%) and SSIs (17.6 vs. 2.8%) was found. It was also noted 
that most patients who experienced surgical complications were 
more likely to have chronic comorbidities (e.g., CKD, diabetes and 
hypertension). Other older studies have described increased rates 
of wound complications after elective TJAs in patients with asymp-
tomatic liver disease and advanced cirrhosis [102,103]. Similarly, a 
small study by Cohen et al. has suggested that certain subgroups of 
cirrhotic patients, specifi cally Child-Pugh A and B, can safely undergo 
elective TJA with no increased risk of adverse events [104].

Transplant (Non-modifi able)
Regarding patients receiving a liver transplant, the relative 

risk of PJIs remains a debated topic, with many studies being only 
case series. Two case series reported an overall PJI rate of 3.2 to 3.6% 
[105,106]. A cohort study by Ledford and colleagues reported that 
organ transplants substantially increased the risks of SSIs or PJIs 
(3.2%), but there were no diff erences between groups [106]. One 
study, which utilized the NIS database, compared the outcomes of 
4,493 TJA patients with a history of organ transplantion and revealed 
that liver transplantion had the greatest increased risks of wound 
infections and SSIs (OR 3.90, 95% CI: 1.4 to 3.9) compared to kidney, 
heart, lung and pancreas transplantions [57].

HBV, HCV, cirrhosis and hepatic transplant are relative contra-
indications to surgery. However, both HCV and cirrhosis present as 
potentially modifi able risk factors with the advent of HCV immu-
notherapies and transplant surgeries, respectively. Preliminary 
evidence points towards HCV treatment prior to TJA. Additionally, 
the degree of liver cirrhosis and potential risks can be assessed 
based on the effi  cacy of serum clott ing factors. Due to the lack of 
conclusive evidence, no strong recommendations can be given at 
this time for or against HCV immunotherapy, cirrhosis optimiza-
tion or hepatic transplant prior to TJA. Hepatic panels and coagu-
lation panels should be assessed in patients with end-stage liver 
disease and surgery should delayed if any bleeding defi ciencies are 
noted.

Chronic Anticoagulation (Non-modifi able)

Evidence Strength: Low
In a matched case-control study by Simpson et al., chronic 

preoperative warfarin therapy in TKA patients led to: substantially 
increased hematoma formations within 48 hours (26.8 vs. 7.3%), 
superfi cial infections (16.8 vs. 3.3%), deep infections (6.0 vs. 0%) and 
returns to the operating room (OR) for washout (4.7 vs. 0.7%) [107]. 
Subset analysis of patients who required heparin-bridging demon-
strated markedly higher, deep infection rates when compared to 
patients who continued warfarin. A similar matched case-control 
study of THA patients also reported increased rates of deep infec-
tions (9 vs. 2.2%) and superfi cial infections (13.5 vs. 2.2%) [108].

Due to the absence of strong, conclusive evidence or manage-
ment guidelines, it is recommended for patients on warfarin therapy 
to be evaluated for other risk factors and optimized appropriately to 
mitigate the risks of PJI. Bridging of patients on warfarin should be 
avoided and only performed if absolutely necessary. Future studies 
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are needed to examine the relationship of International Normalized 
Ratio (INR), as well as modern-day heparin analogues (e.g., factor Xa 
inhibitors), with infection.

Alcohol Consumption (Modifi able)

Evidence Strength: Strong
A recent meta-analysis found that alcohol use had a two-fold risk 

of PJI following TJA (OR 1.88, 95% CI 1.32 to 2.68) [44]. Wu et al. reported 
similar outcomes in a retrospective study of Chinese patients under-
going TJA (OR  2.95; 95% CI, 1.06 to 8.23) [45]. A large, retrospective, 
matched-control study of 880,786 Statewide Inpatient Database 
patients illustrated that alcohol use signifi cantly increased the PJI 
risk after TJA (HR 1.64, 95% CI 1.38 to 1.95) and represented an additive 
risk factor when present concomitant to cirrhosis [82]. Grammatico-
Guillon et al. retrospectively analyzed 32,678 patients in the French 
Regional Hospital Discharge database and found that alcohol abuse 
was correlated with a signifi cant increase in SSI risk (HR 2.47, 95% CI 
1.67 to 3.63) [75]. The major impact of alcohol abuse on PJI rates was 
demonstrated by Radtke et al. [74]. After retrospectively reviewing 
566 THAs, alcohol abuse was found to increase the odds of PJI by 
5.59 (95% CI 95% CI 1.14 to 27.33) within 18 months of surgery. Alcohol 
consumption has therefore been clearly shown to increase the risk 
of PJIs for patients undergoing TJAs [18,59–61,109,110]. While there is 
no defi ned period of required alcohol cessation prior to TJA, at least 
four weeks of abstinence has been suggested to reverse physiologic 
abnormalities associated with excessive alcohol use that predispose 
patients to increased risk of postoperative morbidity [111].

Alcohol consumption must be assessed on a case-by-case basis. 
Excessive alcohol consumption is a modifi able risk factor that is a 
relative contraindication for elective TJA until patients remain absti-
nent for a minimum of four weeks. However, patients who remain 
functional in good socioeconomic standing may not require surgical 
delay.

Smoking (Modifi able)

Evidence Strength: Strong
A recent review reported that 18% of the U.S. population are 

smokers, placing them at an RR of deep infection after TJA 3.5 times 
higher than the average population [112]. Tobacco use is growing 
in the obese population and carries eight times the risk of infec-
tion compared to non-obese, non-smokers [88]. In a study by Maoz 
et al., tobacco use, S. aureus colonization and BMI ≥ 30 kg/m2 were 
additive in their risks for PJIs (OR 12.76; 95% CI 2.47 to 66.16) [89]. A 2:1 
matched-cohort study reported signifi cantly higher surgical compli-
cation rates (3.6%) in smokers compared to nonsmokers (0%). More-
over, the majority of revision TJAs performed in the smoking cohort 
were secondary to infection [113]. In their ACS NSQIP database study, 
Duchman et al. described a signifi cant increase in the risk of wound 
complications after TJA in tobacco users (OR 1.47, 95% CI 1.21 to 1.78) 
[114]. In a comparable large database study, Kremers et al. conveyed 
similar outcomes with an increased risk of SSI in smokers (HR 1.7, 95% 
CI 1.1 to 2.6) [115]. Although Singh et al. did not fi nd a signifi cant diff er-
ence in the rate of SSI in smokers, the authors reported a substantial 
risk for PJIs when compared to a matched nonsmokers control group 
(HR 2.28, 95% CI 0.99 to 5.27) [116]. Sahota et al. performed a propen-
sity, score-matched analysis of 12,588 TJA patients in the ACS NSQIP 
database to assess the eff ects of smoking on 30-day postoperative 
complications. The overall 30-day surgical complication rate was 
higher in current smokers at 2.5% compared to 1.4% in nonsmokers 
(OR 1.84, 95% CI 1.21 to 2.80). Smokers also exhibited a markedly higher 

rate of 30-day deep SSIs (1.1%) in a combined THA/TKA cohort. Upon 
subgroup analysis, active smokers experienced substantially higher 
incidences of 30-day deep SSIs after THAs (1.3%) and 30-day superfi cial 
SSIs following TKAs (1.8%) [117]. A prospective, hospital-registry-based 
cohort study by Gonzalez et al. found that current smokers had 
higher one-year postoperative PJI rates than former smokers, both of 
which were signifi cantly higher than never-smokers (HR 1.8, 95% CI 
1.04 to 3.2). Beyond the fi rst year of surgery, the risks of PJIs decreased 
slightly but remained signifi cantly elevated compared to a  history 
of no smoking (HR 1.12, 95% CI 0.64 to 2.04) [118]. A meta-analysis of six 
randomized trials demonstrated that smoking cessation had a rela-
tive risk reduction of 41% of total postoperative complications. In the 
same study, the authors pooled data from 15 observational studies 
and found that patients who discontinued smoking prior to surgery 
had decreased wound healing complications (RR 0.73, 95% CI 0.61 
to 0.87) [119]. On the other hand, Azodi et al. reported that patients 
partaking in smoking a higher number of packs per year resulted 
in a signifi cant increased risk of postoperative complications [120]. 
Moreover, after adjusting the multivariate logistic analysis, the 
heaviest tobacco smoking group had a 121% increased risk of systemic 
complications (OR, 2.21; 95% CI 1.28 to 3.82). Smoking represents an 
independent, modifi able risk factor that signifi cantly compounds 
the risks of SSIs/PJIs when present alongside other comorbidities. 
Therefore, active smoking, especially heavy tobacco use, represents 
a relative contraindication to TJA until enrolled in a smoking cessa-
tion program for at least four weeks.

Intravenous Drug Abuse (Modifi able)
Intravenous drug abusers (IVDA) can often present with HIV, 

creating a myriad of risks that are problematic to treat. Previous 
retrospective studies have described a four-fold increase in septic 
arthritis of native joints in IVDA versus non-IVDA patients [121,122]. 
A retrospective study by Lehman et al. reported higher rates of PJIs 
in IVDA and/or HIV(+) patients [123]. IVDA also carried almost twice 
as high PJI incidences (25%) compared to HIV(+) only patients(14%). 
When IVDA and HIV were both present, the rates of PJIs increased to 
40%. More recent studies confi rmed that IVDA was a signifi cant risk 
factor for THAs and resulted in higher odds of PJIs in orthopaedic 
surgery [109,124]. The risks of PJIs continue well past the primary 
TJA, and substantially impacts ensuing revision procedures. Su et 
al. reported an estimated 25% survival, free of reinfection rates, for 
two years in IVDA patients compared to 96% in control revision THA 
patients [125]. Pitt a et al. conducted a prospective cohort study of 
405 failed primary TKAs [126]. Their study demonstrated that IVDA 
was a signifi cant risk factor for TKA failure and correlated with a 
fi ve-fold increase in risk for revision surgery. Two retrospective 
reviews of IVDA within 1 year of THA and TKA described failure rates 
as high as 50%, complicated revision procedures and a 17% amputa-
tion rate [127,128]. The unacceptable PJI rates, leading to complex 
salvage procedures and high failure rates after primary and revision 
surgeries, make TJA in active IVDAs futile and an absolute contrain-
dication. Patients should be referred to appropriate drug counseling 
programs and be off ered surgery only after remaining abstinent 
from drug use for a minimum of one year.

Osteonecrosis (Non-modifi able)

Evidence Strength: Moderate
Evidence regarding osteonecrosis and its relation to SSIs/PJIs 

is highly confl icting. Currently, the three identifi ed studies in this 
systematic review were all derived from the Kaiser Permanente Total 
Joint Replacement Registry (TJRR). In two studies by Namba et al., 
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similar methods were applied to evaluate the eff ects of osteone-
crosis on SSIs/PJIs; one focused on THAs while the other focused on 
TKAs [42,129]. Both studies demonstrated an increased risk for SSIs/
PJIs in TJA candidates with osteonecrosis. However, a third study by 
Singh et al. [130], which contained many overlapping authors from 
the Namba et al. studies and utilized the TJRR, extended the original 
8-year database to 11 years, and found no increases in SSIs/PJIs in THA 
candidates with osteonecrosis. Due to the confl icting evidence and 
high potential for study bias, osteonecrosis of the hip is not a strong 
risk factor for SSIs/PJIs in TJA candidates.

Age (Non-modifi able)

Evidence Strength: Moderate
There is inconsistent evidence on whether age contributes to 

increased risks of PJIs. The meta-analysis by Chen and colleagues 
showed no associations between age and risk of infection [46]. In 
a pooled analysis of eight studies, age (as a continuous exposure) 
was not associated with the risks of PJI [19]. However, fi ndings from 
two studies suggested that patients 75 years old and above had an 
increased risk of SSIs following primary THAs [131,132].

Gender (Non-modifi able)

Evidence Strength: Moderate
The eff ects of gender on the risks of PJIs have been mostly incon-

sistent. While some studies suggest males are at an increased risk 
of developing PJIs following joint arthroplasty, others suggest the 
contrary. In a pooled analysis of eight studies, Chen et al. demon-
strated that males had a higher risk of infection after TKA than 
females [46]. Recent pooled multivariate analysis of 28 studies 
confi rms the emerging evidence [19].

Race (Non-modifi able)

Evidence Strength: Strong
Pooled analysis shows that black and Hispanic populations have 

increased risks of developing PJIs/SSIs, when compared to white 
populations [42,61,133].

Location (Non-modifi able)

Evidence Strength: Limited
One study reported an increased risk of infections for patients 

residing in rural locations as opposed to urban locations in China 
[45]. However, this may be the result of a country’s care system as 
opposed to geographic location.

Hip vs. Knee Arthroplasty (Non-modifi able)

Evidence Strength: Strong
Compared to THAs, TKAs were consistently associated with 

increased risk of PJIs/SSIs [73,134].

Underweight (Modifi able)

Evidence Strength: Strong
Three studies compared underweight (BMI < 18.5 kg/m2) vs. 

normal vs. overweight BMI categories and found no associations 
with PJIs [13,14,129].

Hypertension (Modifi able)

Evidence Strength: Strong 
Pooled analysis of four large database studies with matched 

controls showed no signifi cant evidence of associations between 
hypertension and the risks of PJIs/SSIs [18,59,60,135].

Socioeconomic Status (Non-modifi able)

Evidence Strength: Strong 
Consistent evidence showed that a low income was associated 

with increased risks of PJIs/SSIs [136–138].

Electrolytes (Modifi able)

Evidence Strength: Strong
There was no signifi cant evidence of associations between elec-

trolyte imbalances and risks of PJIs/SSIs [18,62].

Depression (Modifi able)

Evidence Strength: Strong
Evidence suggested histories of depression and psychosis to be 

associated with increased risks of PJIs following TJA [18,59,60].

Steroids (Modifi able)

Evidence Strength: Moderate
A previous meta-analysis of four studies suggested a history of 

steroid therapy to be associated with increased risks of PJIs following 
TKAs [46]. In a pooled analysis of fi ve studies, Zhu et al. also demon-
strated steroid therapy to be associated with increased risks of PJIs 
following TJA [48]. In the most recent pooled analysis of 10 studies, 
the fi ndings were consistent with previous evidence [19]. 

Cardiovascular Disease (CVD) (Modifi able)

Evidence Strength: Strong
A pooled analysis of seven studies reporting inconsistent fi nd-

ings showed a history of CVD to be associated with increased risks 
of PJIs/SSIs following TJAs [59,60,78,139–143]. In a pooled analysis of 
studies that evaluated congestive heart failure (CHF) and cardiac 
arrhythmias as risk factors, signifi cant associations were demon-
strated [5,18,59,60,133].

Peripheral Vascular Disease (PVD) (Modifi able)

Evidence Strength: Strong
A pooled analysis of six studies should a history of PVD is associ-

ated with increased risks of PJIs/SSIs [5,18,59,60,82,144].

Lung Disease (Modifi able)

Evidence Strength: Strong
The presence of chronic pulmonary diseases remains equivocal. 

While pooled analysis of four studies evaluating the associations 
of chronic pulmonary disease with risk of PJIs showed no evidence 
of an association [5,59–61], two studies reported consistent associa-
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tions. With regards to chronic obstructive pulmonary disease, specif-
ically, an increased risk for PJIs/SSIs was noted in a pooled analysis of 
four studies [3,73,133,135].

Rheumatoid Arthritis (RA) (Modifi able)

Evidence Strength: Moderate
A pooled analysis of seven studies showed RA to be associated 

with increased risks of PJIs following TKAs [46]. In another pooled 
analysis of seven studies, Zhu et al. demonstrated RA to be associated 
with increased risks of PJI [48]. Findings of a recent pooled analysis of 
13 studies confi rms the accumulating evidence [19] .

Malignancy (Non-modifi able)

Evidence Strength: Strong
A history of cancer or malignancy was associated with increased 

risks of PJIs/SSIs following arthroplasty in a pooled analysis of seven 
studies [18,59–61,73,145,146]. However, evidence on the associations 
between metastatic tumors and risks of PJIs/SSIs was limited and 
inconsistent [5,18,59,60].

Previous Joint Surgery (Non-modifi able)
In a pooled analysis of fi ve studies, a history of previous joint 

surgery (vs. no previous joint surgery) was associated with a three-
fold increased risk of PJIs [19]. When compared to primary arthro-
plasties, revision arthroplasties were associated with increased 
risks of PJIs in a pooled analysis of fi ve studies [19]. Two studies 
reported a history of previous joint infections to be associated with 
increased risks of PJIs, but these fi ndings were based on univariate 
analysis [3,63].

Frailty (Modifi able)

Evidence Strength: Moderate
A single, high-quality study reported increased risks of PJIs 

comparing frail patients with non-frail patients [147]. 

Anemia (Modifi able)

Evidence Strength: Strong
Consistent evidence showed that preoperative anemia was asso-

ciated with increased risks of PJIs/SSIs following TJAs [5,59,60,148].

ASA (Non-modifi able)

Evidence Strength: Strong
An ASA grade of > 2 was associated with increased risks of PJIs/

SSIs; this was consistent across all studies [42,89,129,131,133,134].

Charlson Comorbidity Index (Modifi able)

Evidence Strength: Strong
Though the exposures were not comparable, and therefore 

could not be pooled, there was consistent evidence showing a higher 
Charlson Comorbidity Index to be associated with an increased risk 
of PJIs/SSIs [136,137,149].

Osteoarthritis (Non-modifi able)

Evidence Strength: Strong
Pooled evidence from seven studies showed no signifi cant asso-

ciations of osteoarthritis with the risks of PJIs following joint arthro-
plasties [42,109,129,130,150,151].

Post-Traumatic Arthritis (Non-modifi able)

Evidence Strength: Strong
Pooled analysis of three studies showed no evidence of asso-

ciations between post-traumatic arthritis and risks of PJIs/SSIs 
[42,129,152]. 

Dental Procedures (Non-modifi able)

Evidence Strength: Limited
In two studies that evaluated the associations of dental proce-

dures with risks of PJIs, there was no evidence of any signifi cant asso-
ciations [45,145].

Neurologic (Modifi able)

Evidence Strength: Strong
A history of neurologic disease such as hemiplegia/paraplegia 

was associated with increased risks of PJIs/SSIs in a pooled analysis of 
four studies with inconsistence fi ndings [59–61]. The results were the 
same for dementia and PJIs/SSIs [59,60,73].

Hypercholesterolemia (Modifi able)

Evidence Strength: Strong
None of the studies, which evaluated the associations of hyper-

cholesterolemia and peptic ulcer disease with the risks of PJIs, 
showed any evidence of associations [18,59,60].

Valvular Disease (Non-modifi able)

Evidence Strength: Strong
Evidence regarding the associations between valvular diseases 

and risks of PJIs/SSIs was limited and inconsistent [18,59–61]. In the 
pooled analysis, there was no signifi cant evidence of PJIs/SSIs being 
associated with a history of pulmonary circulatory disorders [5,59–
61], a history of hypothyroidism [18,59,60,153], or a history of drug 
abuse [18,59,60].

Transfusion (Non-modifi able)

Evidence Strength: Strong
Patients who receive allogenic blood transfusions are at 

increased risks of SSIs/PJIs [5,134,154–156]; however, the evidence 
is limited for autogenic blood transfusions [5]. Prophylaxis with 
warfarin or low molecular weight heparin for venous thromboem-
bolism was associated with increased risks of PJIs [157,158].

Methods and Materials: Manuscripts pertaining to host-related 
risk factors for PJIs were searched using PubMed, ScienceDirect, and 
Web of Science, with a date restriction of January 1, 2013 to February 
23, 2018.  The following search queries and their results are listed in 
the following chart:
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These results were subsequently imported into Mendeley Refer-
ence Management Software (Elsevier, Amsterdam, Netherlands) and 
347 duplicates were removed. These abstracts were then imported 
into the Rayyan (Qatar Computing Research Institute, Doha, Qatar) 
for subsequent screening of titles and abstracts by authors J.E.F. and 
Z.C. Of the 1,365 abstracts collected, 1,126 were excluded due to incor-
rect study topic, foreign language, or low study quality (case reports 
and case series without comparative groups). Of the remaining 
abstracts, 239 remained for full-text article review with study quality 
assessment using the American Academy of Orthropaedic Surgeons 
(AAOS) Clinical Practice Guideline and Systematic Review Method-
ology guidelines [159]. The Relative Risk, Odds Ratios, and Hazard 
Ratios, as well as incidences and statistical signifi cances, were used 
to assess outcomes of prosthetic joint-related infections.

A separate systematic review was performed by S.K. Data sources 
included Medline, Embase, Web of Science, Cochrane Library and 
reference lists of relevant studies from inception to February 15, 2018. 
Studies of interest were longitudinal studies (observational studies 
and randomized controlled trials (RCTs)) that have evaluated the 
associations of patient-related factors and the risk of SSIs and/or PJIs 
in patients undergoing orthopaedic procedures. Of 7,177 potentially 
relevant citations, 69 studies were fi nally included in this review. No 
RCTs relevant to the review topic were identifi ed.

What modifi able and non-modifi able host factors contribute 
to an increased risk of SSI/PJI?
Modifi able host risk factors for PJI/SSI in TJA:

• Active Infection
• Alcoholism
• Cardiovascular Disease 

 0 Congestive Heart Failure
 0 Cardiac Arrhythmia

• Chronic Kidney Disease
• Chronic Obstructive Pulmonary Disease
• Clott ing Disorders
• Depression
• Diabetes Mellitus

 0 HbA1c
 0 Serum Glucose

• Drug Abuse
• End-stage Renal Disease
• Frailty
• HIV/AIDS
• Immunosuppression
• Intra-articular Steroid/Viscosupplement Injection
• Kidney Disease
• Malnutrition
• MRSA Colonization
• Obesity
• Peripheral Vascular Disease
• Psychosis
• Renal Disease
• Rheumatoid Arthritis
• Skin Colonization

 0 MRSA/MSSA
• Smoking
• Untreated HCV

Non-modifi able host risk factors for PJI/SSI in TJA:
• Age
• ASA >2
• Bariatric Surgery
• Chronic Anticoagulation
• Gender
• Hemiplegia/Paraplegia
• HBV
• Osteonecrosis
• Previous Joint Surgery
• Previous Joint Infection
• Previous Infection
• Transplant

In addition to identifying pertinent risk factors for PJIs, what is 
the acceptable total risk for patients undergoing elective, primary 

Database Search Term/Filter Results

PubMed (“arthroplasty, replacement, hip”[MeSH Major Topic] OR “arthroplasty, replacement, knee”[MeSH 
Major Topic]) OR (“knee”[TITLE] OR “hip”[TITLE]) AND (“arthroplasty”[TITLE] OR “replacement”[TITLE]) 
AND (“infection”[MeSH Major Topic] OR “deep infection”[TITLE] OR “PJI”[TITLE] OR “Prosthetic 
Joint Infection”[TITLE] OR “Periprosthetic Joint Infection”[TITLE] OR “Surgical Site Infection”[TITLE] 
OR “SSI”[TITLE]) NOT (“autobiography”[Publication Type] OR “comment”[Publication Type] OR 
“congresses”[Publication Type] OR “dictionary”[Publication Type] OR “editorial”[Publication Type] OR 
“interview”[Publication Type] OR “lectures”[Publication Type] OR “legal cases”[Publication Type] OR 
“legislation”[Publication Type] OR “lett er”[Publication Type] OR “news”[Publication Type] OR “news-
paper article”[Publication Type] OR “patient education handout”[Publication Type] OR “periodical 
index”[Publication Type] OR “personal narratives”[Publication Type] OR “technical report”[Publication 
Type] OR “webcasts”[Publication Type]) AND “last 5 years”[PDat] AND English[lang]

510

ScienceDirect pub-date > 2012 and TITLE-ABSTR-KEY(((“hip arthroplasty” OR “hip replacement”) OR (“knee arthroplasty” 
OR “knee replacement”)) AND infection)

956

Web of Science ((TI=((“hip arthroplasty” OR “hip replacement” OR “knee replacement” OR “knee arthroplasty”) AND 
(infection OR PJI OR SSI)))) AND LANGUAGE:(English) AND DOCUMENT TYPES: (Article OR Abstract of 
Published Item OR Data Paper OR Database Review OR Early Access OR Review)

246

Total 1712



276 Part II   Hip and Knee

TJAs?  The Readmission Risk Assessment Tool (RRAT) was specifi cally 
developed to reduce the incidence of preventable hospital readmis-
sions in patients undergoing elective TJA [160]. The RRAT includes 
eight distinct risk factors and uses a weighted score to quantify a 
patient’s risk of readmission (e.g., MRSA colonization – 3 points, 
Smoking – 1 point, BMI ≥ 40 – 3 points, etc.). With nearly 45% of read-
missions being due to SSIs, the RRAT is a powerful tool to identify 
and optimize patients at risk for PJIs. Despite the development of 
these powerful tools, a discussion regarding an ethically and fi nan-
cially acceptable risk cutoff  for PJI is still required.

When does the accumulated relative risk of infection due to 
comorbidity burden (modifi able, non-modifi able or a combination) 
become unacceptable to proceed with TJA?

Examples:
• Modifi able risk factors that are absolute contraindica-

tions (Absolute MRF): Untreated HIV, serum glucose ≥ 200, 
active sepsis, active joint infection, intra-articular injections 
within three months, active intravenous drug use, super 
obesity (BMI ≥ 50 kg/m2)

• Modifi able risk factors that are relative contraindica-
tions (Relative MRF): Obesity, elevated HbA1c, smoking, 
catastrophizers, high fall-risk patients, non-metastatic 
cancer, malnutrition, hepatitis C

• Non-Modifi able risk factors that are absolute contrain-
dications (Absolute Non-MRF): Pulmonary hypertension

• Non-modifi able risk factors that are relative contrain-
dications (Relative Non-MRF): Gender, age, hemiparesis, 
metastatic cancer, blood clott ing disorders, hemophilia, 
von Willebrand’s, previous infection of the operative joint, 
liver transplant, kidney transplant, hepatitis B
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QUESTION 2: Is the diagnosis of post-traumatic arthritis associated with increased risks of 
subsequent surgical site infections/periprosthetic joint infections (SSIs/PJIs) after 
joint arthroplasty?

RECOMMENDATION: Yes. Total joint arthroplasty (TJA) for patients with post-traumatic arthritis of the hip or knee carries higher risks of 
developing SSIs/PJIs. The incidence is markedly higher in patients with previous surgeries and retained implants.

LEVEL OF EVIDENCE: Moderate

DELEGATE VOTE: Agree: 97%, Disagree: 1%, Abstain: 2% (Unanimous, Strongest Consensus)

RATIONALE  

Symptomatic arthritis of the hip, knee and ankle has been reported 
to be secondary to traumatic causes 12% of the time [1]. There have 

been few high-quality studies assessing the impacts of the preop-
erative diagnoses on the risks for SSIs and PJIs. However, numerous 


