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QUESTION 1: What modifiable and non-modifiable host factors contribute to an increased risk of surgical site 
infection/periprosthetic joint infection (SSI/PJI)? 

RECOMMENDATION: Modifiable host factors such as body mass index (BMI), smoking and alcohol, as well as certain medical co-morbidities have been shown to increase 
the risk of SSIs/PJIs. Non-modifiable factors such as increasing age, male gender and black ethnicity have also been shown to increase the risk of SSIs/PJIs. 

LEVEL OF EVIDENCE: Strong 

DELEGATE VOTE: Agree: 98%, Disagree: 1%, Abstain: 1% (Unanimous, Strongest Consensus) 

RATIONALE 

The risk of developing SSIs/PJIs following total joint arthroplasty (TJA) is likely to be influenced by several factors such as the characteristics of 
the patients, the surgical intervention and the postoperative care (Table 1). However, patient- or host-related factors such as socio-demographic 
characteristics, body mass index and medical and surgical histories seem to play an important role in the development of SSIs /PJIs. With the 
exception of factors such as age and sex, many patient factors are modifiable and could potentially be used for the identification of patients at 
high risk of developing SSIs/PJIs as well as targeting appropriate interventions. The literature has a plethora of studies th at have evaluated the 
associations of these potential host factors and the risk of SSIs/PJIs. However, some of the findings have been inconclusive because of inconsistent  
results reported. We sought to clarify the evidence  
by conducting a comprehensive systematic review of the literature. 

There is inconsistent evidence on whether age contributes to an increased risk of PJI. The meta-analysis by Chen et al. showed no association between 
age and risk of infection [1]. In a pooled analysis of eight studies, age (as a continuous exposure) was not associated with the risk of PJI [2]. However, 
findings from two studies suggested that patients aged 75 years and above had an increased risk of SSI following primary total hip arthroplasty (THA) 
[3,4].  

The effect of gender on the risk of PJI has inconsistently results. While some studies suggest males are at an increased risk of developing PJI following 
joint arthroplasty, others suggest differently. However, the emerging evidence is more in favor of males being more likely to develop infection compared 
to females. In a pooled analysis of eight studies, Chen et al. demonstrated that males had a higher risk of infection after total knee arthroplasty (TKA) 
than females [1]. A recent pooled multivariate analysis of 28 studies confirms this emerging evidence of higher risk in males [2].  

Pooled analyses have shown that black populations (compared with white race) have an increased risk of PJI/SSI [5–11]. However, the evidence for 
Hispanic ethnicity, native Americans, Eskimos and Asian populations is inconsistent and not significant [5–11].  

One study reported a decreased risk of PJIs, and another reported an increased risk, comparing patients in rural locations versus non-rural locations 
[12,13]. Compared with THAs, TKAs were consistently associated with an increased risk of PJI/SSI [14–16].  

The evidence for the association between BMI and increased risk of SSI/PJI is consistent. In a pooled analysis of 14 studies, Kerkhoffs et al. reported 
an increased risk of infection following TKA when obese were compared to non-obese patients [17]. Yuan et al. also reported a two-fold increase risk of 
surgical site infections for obesity [18]. In a pooled analysis of 29 studies included in the most recent review, high BMI (overweight and obesity) was 
associated with an increased risk of SSI/PJI [2]. The association was consistent with a dose-response relationship. One study compared underweight (BMI 
< 18.5 kg/m2) versus a normal to overweight BMI category but found no association with PJI [19].  

The evidence on the association between a history of hypertension and risk of PJI/SSI is inconsistent. A pooled analysis of six studies showed no 
significant evidence of an association [6,20–24].  

A pooled analysis of six studies showed high alcohol consumption or alcohol abuse was associated with a higher risk of PJI/SSI following TJA 
[5,6,20,23,25,26].  

TABLE 1. Summary of risk factors associated with development of SSI/PJI 

Modifiable Host Factors Factors with Limited Evidence of Associations with SSI/PJI 

BMI – Strong  

Smoking – Strong 

High alcohol intake (alcohol abuse) – Strong 

Low income - Strong 

Malnutrition (low serum albumin) – Strong 

History of DM – Strong 

History of CVD – Moderate 

History of CHF – Strong 

Age (as a continuous exposure) – Limited 

Hispanic ethnicity – Limited 

Native American and Eskimo ethnicity – Limited 

Asian race – Limited 

History of drug abuse – Limited 

Rural location vs. non-rural location – Limited 

Underweight – Limited 

History of hypertension – Limited 



History of cardiac arrhythmia – Strong 

History of PVD – Strong 

Chronic pulmonary disease – Strong 

Chronic obstructive pulmonary disease – Strong 

History of renal disease – Strong 

History of liver disease/cirrhosis – Strong 

History of RA – Strong 

History of cancer/malignancy – Strong 

History of osteonecrosis – Strong 

History of depression – Strong 

History of psychosis – Strong 

History of HIV/AIDS – Strong 

Neurologic disease (hemiplegia, paraplegia) – Moderate 

History of corticosteroid administration – Strong 

History of intra-articular corticosteroid injection – Moderate 

Previous joint surgery – Strong 

Revision arthroplasty – Strong 

Previous joint infection – Moderate 

Frailty – Moderate 

Preoperative anemia – Strong 

ASA grade > 2 – Strong 

Charlson comorbidity index (high) – Strong 

Preoperative hyperglycemia and high HbA1c – Moderate 

Allogenic blood transfusion – Strong 

Prophylaxis with warfarin or low molecular weight heparin – 
Moderate 

History of osteoarthritis – Limited 

History of post-traumatic arthritis – Limited 

Low- or high-risk dental procedures – Limited 

History of UTI – Limited 

History of dementia – Limited 

Hypercholesterolemia – Limited 

Peptic ulcer disease – Limited 

Valvular disease – Limited 

Metastatic tumor – Limited 

History of coagulopathy – Limited 

History of venous thromboembolism – Limited 

Pulmonary circulatory disorders – Limited 

Hypothyroidism – Limited 

Hepatitis (B or C) – Limited 

Electrolyte imbalance – Limited 

Autogenous blood transfusion – Limited 

Non-modifiable Host Factors 

Age (≥ 75 years) – Moderate 

Male sex – Strong 

Black race – Strong 

TKA vs. THA – Strong 

 

ASA, American Society of Anaesthesiologists physical status score; DM, diabetes mellitus; CVD, Cerebro vascular disease; CHF, congestive heart failure; 
PVD, peripheral vascular disease; RA, rheumatoid arthritis; TKA, total knee arthroplasty; THA, total hip arthroplasty; SSI, surgical site infection; PJI, 
periprosthetic joint infection; UTI, uninary tract infection 

 
 
Consistent evidence shows that a low income is associated with an increased risk of PJI/SSI [7,11,27]. Malnutrition (as measured by low serum 

albumin) was demonstrated to be associated with an increased risk of PJI/SSI in a pooled analysis of five studies [28–32].  
An increasing amount of literature has shown that smoking has a negative effect on postoperative outcomes. However, the evidence has been mostly 

inconsistent regarding the association between smoking and risk of PJI following TJA. However, in a recent pooled analysis of eight studies, smokers were 
shown to have an increased risk of PJI compared to non-smokers [2]. Robust evidence suggests that smoking cessation before surgery is associated with 
more than a 50% decrease in the risk of postoperative infection [33].  

Consistent evidence suggests that in patients undergoing surgery, diabetes mellitus (DM) is associated with an increased risk for complications. In a 
pooled analysis of 10 retrospective studies, Tsang and Gaston found DM to be associated with a two-fold increased risk of established SSI after elective 
THA [34]. Yang et al. in a pooled analysis of eight studies demonstrated the prevalence of DM to be associated with an increased risk of deep infection 
after elective primary TKA [35]. In another pooled analysis of eight studies, Zhu et al. showed DM to be associated with an increased risk of PJI following 
TJA [36]. In the most recently pooled analysis of 29 studies, DM was associated with an increased risk of PJI [2].  

A pooled analysis of seven studies reported inconsistent findings with respect to the association between a history of cardiovascular disease and 
PJI/SSI risk after TJA [20,23,37–42]. In a pooled analysis of studies that evaluated congestive heart failure (CHF) and cardiac arrhythmias as risk factors, 



significant associations were demonstrated [5,6,20,23,43]. A history of peripheral vascular disease was associated with an increased risk of PJI/SSI in a 
pooled analysis of six studies [5,6,20,23,43,44].  

A pooled analysis of four studies evaluating the associations of chronic pulmonary disease with risk of PJI, showed no significant evidence of an 
association [5,20,23,43]. However, three of the studies reported consistent significant associations. Chronic obstructive pulmonary disease was 
associated with an increased risk of PJI/SSI in a pooled analysis of four studies [9,16,22,45].  

In a pooled analysis of eight studies, renal disease was significantly associated with an increased risk of PJI/SSI [5,6,20,23,43,46–48]. A history of liver 
disease or cirrhosis of the liver was associated with an increased risk of PJI/SSI [5,6,20,23,43,44,48]. However, a history of hepatitis B or C infection was 
not associated with increased risk of PJI/SSI [16,44,48].  

A pooled analysis of seven studies showed rheumatoid arthritis (RA) to be associated with an increased risk of PJI following TKA [1]. In another pooled 
analysis of seven studies, Zhu et al. demonstrated RA to be associated with an increased risk of PJI [36]. Findings of a recent pooled analysis of 13 studies 
confirms the accumulating evidence [2].  

A history of cancer or malignancy was associated with an increased risk of PJI/SSI following arthroplasty in a pooled analysis of seven studies 
[5,6,16,20,23,28,49] However, evidence on the association between metastatic tumors and risk of PJI/SSI was limited and inconsistent [6,20,23,43].  

A history of coagulopathy was not associated with PJI/SSI in a pooled analysis of four studies with inconsistent findings [5,6,20,23]. A single study 
reported evidence of an association between venous thromboembolism and PJI, but this was based on univariate analysis [15].  

A pooled analysis of three studies showed a history of osteonecrosis to be associated with an increased risk of PJI/SSI [10,19,50].  
Evidence suggested that histories of depression and psychosis were each associated with an increased risk of PJI following total joint arthroplasty 

[6,20,23].  
A pooled analysis showed a history of HIV/AIDS infection to be associated with an increased risk of PJI/SSI [6,43,44,51].  
A history of neurologic disease such as hemiplegia/paraplegia was associated with an increased risk of PJI/SSI in a pooled analysis of four studies with 

inconsistent findings [5,20,23].  
A previous meta-analysis of four studies suggested a history of corticosteroid therapy to be associated with an increased risk of PJI following TKA [1]. 

Zhu et al. also demonstrated corticosteroid therapy to be associated with an increased risk of PJI following total joint arthroplasty in a pooled analysis of 
five studies [36]. In the most recent pooled analysis of 10 studies, the findings were consistent with previous evidence [2]. The literature has been 
inconsistent and weak on whether intra-articular corticosteroid injections administered for osteoarthritis increases the risk of infection following joint 
arthroplasty. In a previous systematic of nine studies, Pereira et al. found no significant evidence to indicate the presence of an association. In a recent 
meta-analysis, use of intra-articular corticosteroid injection was not statistically significantly associated with an increased risk of PJI [2]. However, an 
update of recent evidence which involved pooling of five studies with usable data demonstrated a significant association. Quality of the evidence was 
moderate. 

In a pooled analysis of five studies, a history of previous joint surgery (vs. no previous joint surgery) was associated with about a three-fold increased 
risk of PJI [2]. When compared with primary arthroplasty, revision arthroplasty was associated with an increased risk of PJI in a pooled analysis of five 
studies [2]. Two studies reported a history of previous joint infection to be associated with an increased risk of PJI, but the findings were based on 
univariate analysis [45,52].  

A single high-quality study reported an increased risk of PJI comparing frail patients with non-frail patients [12].  
Consistent evidence showed that preoperative anemia was associated with an increased risk of PJI/SSI following TJA [20,23,43,53].  
An American Society of Anesthesiologists (ASA) grade of > 2 was associated with an increased risk of PJI/SSI, and this was consistent across all studies 

[3,9,10,15,19,54].  
Though the exposures were not comparable and therefore could not be pooled, there was consistent evidence showing that a higher Charlson 

comorbidity index was associated with an increased risk of PJI/SSI [7,8,11].  
Pooled evidence from seven studies showed no significant association of osteoarthritis with the risk of PJI following joint arthroplasty 

[10,19,25,50,55–57].  
A pooled analysis of three studies showed no evidence of an association between post-traumatic arthritis and risk of PJI/SSI [10,19,57].  
In two studies that evaluated the association of dental procedures with risk of PJI, there was no evidence of any significant associations of PJI with 

dental procedures [13,58].  
There was no evidence of an association between uninary tract infection (UTI) and the risk of PJI/SSI in all studies examined [20,23,38]. This was the 

same for dementia and PJI/SSI [16,20,23].  
None of the studies which evaluated the associations of hypercholesterolemia as well as peptic ulcer disease with the risk of PJI, showed any evidence 

of associations [6,20,23].  
Evidence on the association between valvular disease and risk of PJI/SSI was limited and inconsistent [5,6,20,23]. In a pooled analysis, there was no 

significant evidence of associations of PJI/SSI with a history of pulmonary circulatory disorders, [5,20,23,43] history of hypothyroidism [6,20,23,59] and a 
history of drug abuse [6,20,23].  

There was no significant evidence of an association between electrolyte imbalance and risk of PJI/SSI [6,60]. The evidence on the association of 
preoperative hyperglycemia and high HbA1c levels with risk of PJI/SSI was mostly inconsistent and could not be pooled because the exposures were not 
comparable [14,61–64], but the evidence suggests that these factors might be associated with an increased risk. 

Patients who receive allogeneic blood transfusions are at increased risk of SSI/PJI [15,43,65–67]; however, the evidence is limited for autogenous 
blood transfusions [43]. Prophylaxis with warfarin or low molecular weight heparin for venous thromboembolism was associated with an increased risk 
of PJI [68,69].  

SEARCH STRATEGY 

Data sources. Medline, Embase, Web of Science, Cochrane Library and reference lists of relevant studies from inception to February 15, 2018. 

Selection criteria. To be included, studies were to be longitudinal studies (observational studies and randomized controlled trials (RCTs)) that have 
evaluated the associations of patient-related factors and the risk of surgical site infections (SSIs) and/or periprosthetic joint infections (PJIs) in patients 
undergoing orthopaedic procedures. 



Review methods. The relative risk (RR) with 95% confidence intervals was used as the summary measure of association across studies. Study-specific RRs 
with 95% confidence intervals were meta-analyzed using random effect models. 

Results. Of 7,177 potentially relevant citations, 101 studies were finally included in this review. No RCTs relevant to the review topic were identified.  
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QUESTION 2: Are there any genetic factors that predispose patients to surgical site infection/periprosthetic 
joint infection (SSI/PJI) or predict the success of the treatment for SSI/PJI? 

RECOMMENDATION: The evidence suggests a potential heritable predisposition is possible, but there is a lack of definitive evidence supporting specific genetic risk 

factors for SSI/PJI after total joint arthroplasty (TJA).  

LEVEL OF EVIDENCE: Limited 

DELEGATE VOTE: Agree: 93%, Disagree: 2%, Abstain: 5% (Super Majority, Strong Consensus) 

RATIONALE  

It is hypothesized that individuals may be susceptible to SSIs and PJIs owing to patient-related genetic characteristics. This situation may result from 
polymorphisms in genes encoding various proteins, receptor intracellular signaling mediators, cytokines, and enzymes vital to the functionality of the 
host’s immune system. 

In hopes of allowing for early targeted prevention in high-risk patients, risk calculators have been developed to identify patients at greater risk for 
developing infection following TJA. However, it has been suggested that these scoring systems are limited in their ability to accurately identify individuals 
at high risk and very few of them have been externally validated [1,2]. Kunutsor et al. reported that none of the risk scores they reviewed underwent 
subsequent impact studies to determine their utility for clinical decision-making [2]. Thus, other methods of early identification are needed in order to 
influence clinical decisions.  

Genetic susceptibility testing has broadening interest as a means to identify patients at high risk for infection [3], specifically PJIs [4]. However, such 
a test has yet to be developed and implemented in the arthroplasty arena. When evaluating the immune response to mycobacterial infections, Blischak 
et al. reported that the innate immune system may play a role in bacterial infections [5]. Evaluating patients with multiple TJAs, Bedair et al. suggested 
that some patients may be at greater risk for infection due to subclinical immune deficiencies [6]. In 2013, a large population-based study by Lee et al. 
reported familial susceptibility to SSI which included, but was not limited to, PJI [7]. Similarly, Anderson et al. demonstrated familial clustering in TJA 
patients who suffered a PJI [8]. They were able to show an increased risk of PJI following TJA in relatives of patients who have experienced a PJI [8]. These 
families demonstrated infection rates of 9 to 17% compared to rates of approximately 2.3% in relatives of patients without PJI. Given the current 
literature, a heritable risk for PJI seems reasonable.  

Regarding specific genetic factors, recent reports suggest that genetic variants associated with mannose-binding lectin (MBL) may be associated with 
an increased risk of infection in general [9,10] and in PJI populations specifically [11,12]. Burgner et al. also reported on several candidate genes identified 
in the literature that may be related to innate immunity [3]. For example, they noted the association of toll-like receptor (TLR) genes, TLR2 and TLR4 and 
bacterial infections [3]. Sutherland et al. performed a genetic association study on patients admitted to an intensive care unit who had evidence of 
infection [13]. Ultimately, they reported that the CD14, MBL and TLR2 polymorphisms were associated with a greater prevalence of infection in critically 
ill adults. However, others report no association between the CD14 polymorphism and the incidence of infection [14]. Agnese et al. were, however, able 
to associate the TLR4 mutation with an increased incidence of bacterial infections [14]. Aside from the MBL mutations, the CD14, TLR2, and TLR4 have 
been reported as not being associated with infections in the PJI literature [15]. Furthermore, a recent systematic review on the genetic susceptibility to 
PJI concluded that although evidence exists supporting a genetic role in PJI, no definitive conclusions can be made given the relatively small amount of 
data available in the existing literature [15].  

In summary, despite the evidence suggesting a heritable risk for infection, there is a scarcity of robust studies providing evidence on genetic risk 
factors for infection. Additional evidence is needed, perhaps targeting MBL variants, in order to consider genetic risk factors and to identify patients at 
greater risk for infection. Such studies may contribute to our understanding of the pathogenesis of SSI/PJI.  

Given the evidence suggesting a genetic susceptibility to SSI/PJI, it seems reasonable that genetic factors may also play a role in the treatment 
outcomes for infection. Early studies on the ability to predict treatment outcomes of bacterial and fungal infections were not encouraging and relied on 
antimicrobial susceptibility tests [16–20]. Clinical and genetic risk factors for predicting treatment response has been reported for a variety of diseases 
[3,21–23]. Furthermore, recent studies evaluating the treatment response in patients with hepatitis and human immunodeficiency viral infections suggest 
that pre-treatment genetic markers exist which could increase the understanding of the patient’s treatment response to anti-viral therapies [24–28]. 
However, there is little, if any, evidence on the ability of host genetic factors to predict treatment outcomes for surgical site or periprosthetic joint 
infections.  
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QUESTION 3: Does current tobacco use increase the risk of surgical site infection/periprosthetic joint infection 
(SSI/PJI) recurrence? 

RECOMMENDATION: Yes. Current tobacco use appears to increase the risk of SSI/PJI in patients undergoing orthopaedic procedures. 

LEVEL OF EVIDENCE: Limited 

DELEGATE VOTE: Agree: 94%, Disagree: 3%, Abstain: 3% (Super Majority, Strong Consensus) 

RATIONALE 

PJI is a devastating potential complication after total joint arthroplasty (TJA) procedures. Studies have shown that this complication occurs approximately 
1 to 2% of the time following primary TJA, and is even more common following revision surgery [1–3]. Surgical treatments of PJI, with the goal of infection 
eradication, include irrigation and debridement with implant retention, one-stage revision and two-stage revision procedures. There are no standard 
definitions for successful treatment but most physicians would agree that the goal of these interventions is to eradicate the infection. Reported success 
rates of the aforementioned procedures vary and there exists abundant literature focusing on the impact of various patient, surgical and infectious factors 
on treatment success. Despite the large number of studies on factors contributing to the recurrence of PJI following surgical treatment, relatively little 
has been published looking at the impact of current tobacco use on PJI recurrence.  

An extensive systematic review was performed to identify all studies reporting the success of surgical treatments for hip or knee PJI. This literature 
review identified 20 published studies that specifically reported or evaluated tobacco use in the study population or in relation to the surgical treatment 
of SSI/PJI [4–23]. Using the methodology for evaluating evidence as outlined by the American Academy of Orthopaedic Surgeons Clinical Practice 
Guideline and Systematic Review Methodology Version 2.0 [24], 17 of these studies were graded as being low-quality [4,5,7,8,10–12,14–23], and three 
studies were graded as being very low-quality [6,9,13].  

Of the 20 studies evaluated, 14 studies evaluated two-stage revisions; two studies evaluated irrigation and debridement, and five studies evaluated 
patients with either of those two procedures for PJI. Univariate statistical analysis evaluating the association between tobacco use and recurrence of PJI 
was performed in 19 of the studies. Smoking was associated with a significantly increased risk for PJI recurrence in three of these studies [4,8,9]. Further 
multivariate analysis was performed in two of these studies [4,9]. Hoell et al. retrospectively evaluated 59 patients who underwent two-stage revision 
for PJI and identified smoking as an independent risk factor for failure to cure infection (odds ratio (OR): 21.5, 95% confidence interval (CI) 2.6 to 178) [9]. 
Cancienne et al. utilized the Medicare administrative claims dataset to evaluate 18,533 patients who underwent antibiotic spacer placement for infected 



total knee arthroplasty and found tobacco use to be independently associated with the need for a repeat debridement without reimplantation within 
one year (OR 1.10, p = 0.003) [4].  

Given that many of the studies had relatively small cohorts and may have been underpowered to detect an association between smoking and PJI 
recurrence, pooled analysis on the studies was performed. Of the 20 studies, 12 provided sufficient data to be included in the pooled analysis [5,6,8,10–
14,18–21]. The remainder either did not report raw data on the number of patients who used tobacco or did not report on how many tobacco users had 
a recurrence of PJI. If there were multiple studies from the same institution, only the most recent study with the largest cohort was included. This was 
done to prevent the unintentional inclusion of the same patient data multiple times. This left ten studies, representing 1,124 patients with PJI, to be 
included in the pooled analysis [5,6,8,10,12–14,19–21]. Heterogeneity across studies was present as determined using the Q and I2 statistics or likelihood 
ratio test. Therefore, inverse-variance weighted random-effects models were used to evaluate the pooled estimates using R software. Forest plots were 
also generated to display the odds ratios and 95% confidence intervals for each study, as well as the overall random-effects pooled estimate and its 
confidence interval. Pooled analysis demonstrated that tobacco users were significantly more likely to experience recurrence of PJI after surgical 
treatment than non-tobacco users, with an OR of 1.53 (1.06 to 2.21) (see Fig. 1). Furthermore, this finding remained significant when only including 
patients treated with two-stage revision (OR: 1.59, 1.03 to 2.47).  

 

 

 

FIGURE 1. Odds ratios for infection recurrence with current tobacco use versus no tobacco use.  

 
 
The findings from these studies and the results of the pooled analysis suggest that current tobacco use increases the risk of PJI recurrence after 

surgical treatment of hip and knee PJI. The strength of this conclusion is limited by the available studies being of low or very low quality and primarily 
including small numbers of patients. However, there is higher quality literature that associates current tobacco use with an increased risk of PJI following 
primary TJA [25–30]. There are also established adverse effects of tobacco use on wound healing. It is therefore reasonable to conclude that the findings 
from these studies and the results of the pooled analyses likely represent a true association. There is a need for additional, high-quality research to 
confirm this association and to assess whether cessation of tobacco use can increase the success of infection remission following surgical treatment for 
PJI.  
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QUESTION 4: Do underweight patients (body mass index (BMI) < 18.5Kg/m2) have a higher risk of surgical site 

infection/periprosthetic joint infection (SSI/PJI) following orthopaedic  
procedures? If yes, does increasing the BMI in underweight patients reduce the risk of SSI/PJI? 

RECOMMENDATION: Yes. Underweight patients (BMI < 18.5K/m2) have a higher risk of SSI/PJI following orthopaedic procedures. However, there is no current evidence 

indicating that an increase in the BMI of an underweight individual has an effect on reducing the risk of SSI/PJI. 

LEVEL OF EVIDENCE: Moderate  

DELEGATE VOTE: Agree: 92%, Disagree: 4%, Abstain: 4% (Super Majority, Strong Consensus) 

RATIONALE 

BMI abnormalities have been associated with worse outcomes in surgical patients. Most studies have focused on comparisons between obese patients 
and those of normal weight (NW) in finding that higher BMI is associated with a higher incidence of infections [1–6]. Underweight (UW) patients are 



typically defined as having a BMI of less than 18.5 kg/m2 [7]. UW patients make up 2.3% of the United States population and up to 3.66% of patients in 
European nations [8,9]. In the field of general surgery, UW patients have been shown to have higher complication rates compared to overweight and 
obese patients [7,10–12]. Similarly, UW total joint arthroplasty (TJA) patients have also been identified as having a higher incidence of infection, 
transfusion, dislocation, readmission and mortality [1,3,13,14]. No studies have been identified that evaluate the risk reduction when increasing the BMI 
in these patients.  

Saucedo et al. [1] evaluated readmission risk in cohorts of both total knee arthroplasty (TKA) and total hip arthroplasty (THA) patients. Compared to 
NW patients (defined as BMI 18.5 to 24.9 kg/m2 in this study), UW status was a significant risk factor for readmission at 30 and 90 days postoperatively 
(16.4 and 11.6%, respectively) with postoperative infection being the leading cause for readmission [1]. A separate study evaluating infection risk factors 
in patients with rheumatoid arthritis showed that UW status also had an increased risk of infection, (odds ratio (OR) 6.0, 95% confidence interval (CI) 1.2 
to 30.9, p = 0.033) [13]. Also, a study by Nafiu et al. demonstrated worse TJA outcomes and higher SSI rates in UW minorities [11]. When patients were 
stratified based on BMI, the study found SSI rates of 3% in the UW group, 1.3% in the NW group, 1.4% in the overweight group, 1.5% in the obese group 
and 1.7% in severely obese patients, respectively (p < 0.001) [11].  

When specifically evaluating TKA, similar results have been found. Manrique et al. compared UW TKA patients to a cohort of NW TKA patients and 
found that UW individuals had a higher rate of SSI (11.1%) than did NW individuals (0%) (p = 0.01) [15]. UW patients also had an increased risk of SSI (OR: 
23.3; 95% CI 1.2 to 466, p = 0.04) compared to NW patients. This study and others utilized the SSI definition specified by the Centers for Disease Control 
(CDC) criteria [16]. The CDC SSI criteria was used instead of the Musculoskeletal Infection Society (MSIS) and International Consensus Meeting (ICM) 
definitions for periprosthetic joint infection (PJI) [17] because the MSIS and ICM criteria were not available at the time of publication.  

While there is evidence that UW status increases risk of SSI/PJI, there are a few database studies that contradict these findings. Using the New 
Zealand joint registry, Murgatroyd et al. showed no increased risk of deep infection at a maximum of two-year follow-up [18]. Of the 5,357 patients, 131 
were UW (2.4%). However, UW was defined as BMI < 20 kg/m2 in this study [18]. All seven reported deep infections occurred in the overweight and 
obese groups with zero in the UW group at two years [18]. SSI and wound infections were not reported.  

Another registry study, utilizing the Clinical Practice Research Datalink of 31,817 patients, found six-month wound infection rates of 1.5% (BMI < 18.5 
kg/m2), 2.2% (BMI = 18.5 to 25 kg/m2), 3.0% (BMI = 25 to 30 kg/m2), 3.3% (BMI = 30 to 35 kg/m2) and 3.1% (BMI > 35 kg/m2) respectively, with UW 
patients having the lowest wound infection rate [19]. Deep infection rates were not reported. In addition, discharge data from the National Inpatient 
Sample found that UW individuals (BMI < 18.5 kg/m2 in this study) had a decreased rate of postoperative infection (OR 0.23, 95% CI 0.09 to 0.61) [20]. 
Importantly, all three of these studies possessed the limitations inherent to the analysis of large administrative databases (i.e., errors in data collection, 
incomplete data sets and observer bias) particularly with the diagnoses of postoperative infection, SSI and PJI. 

Overall, there is an established association between low BMI and poorer surgical outcomes, specifically infection, in a variety of disciplines, including 
TJA in orthopaedics [10–12,19–26]. Furthermore, higher transfusion rates were also observed among UW patients after surgical intervention [11,13,15]. 
Postoperative allogeneic transfusion has been demonstrated to be an independent risk factor for developing SSI and PJI [27]. A lower BMI may be an 
indirect measure of nutritional status, as lower BMI patients have been shown to have lower levels of albumin, prealbumin, and protein- all of which can 
be used to evaluate nutritional status [28]. Low BMI patients have decreased reserves and an inability to accurately react to stress secondary to their 
suppressed immune systems [29]. Low BMI has also been associated with higher morbidity and mortality rates possibly reflecting an altered physiological 
state [30]. A potential optimization of this status resulting in a BMI increase in UW patients could be beneficial by decreasing their risk of adverse events. 
Increasing BMI to mitigate SSI and PJI risk in UW individuals is an area for future study.  
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QUESTION 5: (A) What upper body mass index (BMI) threshold is associated with an increased risk of surgical 
site infection/periprosthetic joint infection (SSI/PJI)? (B) Does implementation of these cutoffs reduce the 
incidence of SSI/PJI? 

RECOMMENDATION:  

A)  Obesity increases the risk of SSI/PJI after total joint arthroplasty (TJA). The risk increases gradually throughout the full range of BMI rather than surging at 

a certain cutoff point. A substantially increased risk is noticed in patients with a BMI > 40 Kg/m2 and the risks of surgery must be carefully weighed against 

its benefits in these patients. 

B)  Weight reduction prior to surgery may have a benefit in mitigating risk for SSI/PJI for all patients with a BMI above normal. 

LEVEL OF EVIDENCE: A) Strong, B) Consensus 

DELEGATE VOTE: Agree: 95%, Disagree: 2%, Abstain: 3% (Unanimous, Strongest Consensus) 

RATIONALE 

Obesity has been shown to play a negative role throughout the natural history of osteoarthritis, from the development and progression of the disease to 
the occurrence of postoperative complications [1–5]. Among the range of complications that can occur following TJA, infection has proven to be a 
significant source of morbidity and mortality in its own right [6–9]. Numerous studies have examined the association between obesity and infection 
following TJA [10–13]. While the importance of these studies in ascertaining the importance of BMI as a potentially modifiable risk factor is acknowledged, 
there is a lack of a distinct threshold to be used in the preoperative period.  

We conducted a systematic review to evaluate the threshold above which BMI is associated with SSI/PJI and found 17 studies meeting the inclusion 
criteria to answer this question. Most studies compared patients above and below BMI of 30 Kg/m2 and limited their analysis to this dichotomous group. 
A recent meta-analysis examining the influence of obesity on complications following TKA concluded that patients with BMI ≥ 30 Kg/m2 are at increased 
risk for infection [14]. Re-infection is also increased in obese patients who undergo revision for an infection of their primary or revised implant [13,15]. 
Lübbeke et al. [16] categorized patients into five groups based on their BMI levels in an attempt to specify which group had the highest risk for PJI. These 
investigators concluded that a BMI ≥ 35 Kg/m2 should serve as a cutoff for increased risk for PJI. However, recent evidence suggests that a cutoff of 40 
kg/m2 [17,18] and even 50 kg/m2 [19,20] should serve as the threshold above which the risk for PJI increases substantially.  

The highest evidence to answer this question stems from two recent studies that used their large institutional databases (approximately 20,000 
patients in each institution) to show a 10% increased risk for PJI for each BMI unit above normal (25 Kg/m2 ) [17,18]. In both studies, the risk became 
progressively more pronounced for the group of patients with BMI values above 40 kg/m2 with a three-times higher risk for SSI/PJI. The study by Shohat 
et al. [18] specifically aimed to determine whether there is a distinct BMI threshold above which the risk for infection increases substantially. The authors 
reported a linear increased risk with higher BMI with no distinct cutoff performing better than random chance.  

To our knowledge there are no prospective randomized studies that directly address the subject of implementation of these BMI cutoffs (the majority 
of studies are retrospective reviews of databases or registries). While bariatric surgery did not seem to reduce complications following TKA, [21] it did 



show a reduction in complications after THA [22]. A recent systematic review of five studies with a total of 23,348 TJA patients showed no statistically 
significant difference in infection rates (superficial or deep) after bariatric surgery [23]. There are ongoing studies following obese patients undergoing 
bariatric surgery versus those who decline bariatric surgery, but no definitive conclusions are available on this subject at this time.  

Our results suggest that the risk for infection increases gradually throughout the full range of BMI above 30 kg/m2, and patients with a BMI above 
40 kg/m2 are at substantial (three-times) risk for infection. These results should encourage surgeons to encourage all overweight patients to reduce 
weight prior to surgery with a special emphasis on patients who have a BMI above 40 kg/m2. Further studies should prospectively examine the influence 
of BMI reduction on reducing the risk for infection.  
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QUESTION 6: Does bariatric surgery reduce the risk of surgical site infection/periprosthetic joint infection 
(SSI/PJI) in patients with obesity? 

RECOMMENDATION: The evidence is inconclusive at present. Thus, preoperative bariatric surgery cannot be routinely recommended.  

LEVEL OF EVIDENCE: Limited 

DELEGATE VOTE: Agree: 85%, Disagree: 7%, Abstain: 8% (Super Majority, Strong Consensus) 



RATIONALE 

Obesity, defined as body mass index (BMI) > 30 kg/m2, has reached alarming proportions in the United States (US), the United Kingdom (UK) and globally, 
with no signs of decline [1,2]. The national prevalence of obesity in US men and women from 2013 to 2014 has been reported as 35% and 40.4%, 
respectively [3]. In addition, it has been predicted that by 2025, 47% of men and 36% of women (aged between 21 and 60 years old) in the UK will be 
obese [2]. Obesity has also been linked to the development of osteoarthritis and joint disease [4]. As a result, a higher portion of obese patients will 
present to orthopaedic surgeons seeking total knee arthroplasty (TKA) or total hip arthroplasty (THA). George et al. reported that obese patients 
constituted 52% of THAs and 70% of TKA patients in 2011 [5].  

Although obese patients can achieve high satisfaction and pain relief following arthroplasty [5], obesity has also been associated with increased 
risk of surgical site infection (SSI) and periprosthetic joint infection (PJI) [6–8]. As a result, obesity is viewed as a modifiable risk factor and the 
American Association of Hip and Knee Surgeons (AAHKS) workgroup on obesity concluded that the risks associated with a BMI > 40 kg/m2 outweigh 
the functional benefit of an arthroplasty [9]. Therefore, many centers and providers will delay arthroplasty until the patient can reduce their weight 
below this threshold. ho 

Bariatric surgery is often viewed as a safe, effective means to help morbidly obese patients achieve weight reduction [10]. It has also been shown to 
be more effective in helping patients reduce weight than nonsurgical methods [11]. Bariatric surgery is considered the most effective treatment for 
weight loss in patients with severe obesity, and it is indicated in patients with a BMI ≥ 40 kg/m2 or patients with a BMI ≥ 35 kg/m2 and at least one 
important comorbidity who have failed clinical management for weight loss [11,12]. Some orthopaedic surgeons advocate for bariatric surgery prior to 
hip, knee or ankle arthroplasty in order to lower the risk of postoperative SSI and PJI. Parvizi et al. demonstrated that patients who undergo bariatric 
surgery prior to total hip or knee arthroplasty experience significant functional improvements following surgery with an acceptably low complication rate 
[13]. 

Springer et al. described bariatric surgery as an effective and durable treatment for obesity. They reported that patients lost up to 50 to 70% of their 
excess weight (a BMI reduction of 10 to 15kg/m2) following bariatric procedures [14]. However, there is limited evidence that supports that bariatric 
surgery is associated with reduced rates of SSI/PJI following total joint arthroplasty. Despite the lack of level I or level II evidence, nine retrospective 
studies have investigated the potential beneficial influence of bariatric surgery on SSI/PJI in obese patients undergoing total joint arthroplasty. The results 
are conflicting. Kulkarni et al. compared 90 patients who underwent bariatric surgery prior to total joint arthroplasty (TJA) to 53 patients who underwent 
bariatric surgery following TJA. They found that the infection rates following joint arthroplasty surgery were 1.1 to 3.7%, respectively. There was no 
statistical difference between the two groups (p = 0.55) [15]. In addition, six additional studies have demonstrated that undergoing bariatric surgery 
either prior to or after undergoing TJA does not influence the incidence of subsequent SSI/PJI [16–21]. 

Only two studies have demonstrated reductions of SSI/PJI in patients who underwent TJA following bariatric surgery [22,23]. One was a large cohort 
study using the Medicare database (bariatric prior vs. obese only patients, (odds ratio (OR) 0.36, 95% confidence interval (CI) 0.13 to 0.96, p = 0.049) [23] 
and the second used the New York State database (2.4% bariatric vs.1.3% obese TKA patients, p = 0.003, no difference for THA) [22]. Also, a meta-analysis 
published in 2015 demonstrated a reduction in postoperative infection in the bariatric group (OR 0.36, 95% CI 0.15 to 0.90, p = 0.03). However, no 
differences in infection were found when the results were stratified by superficial or deep infection [24]. The authors concluded that the analyses of 
postoperative complications following bariatric surgery were assessed as “very low” quality of evidence using the Grades of Recommendation, 
Assessment, Development, and Evaluation (GRADE) approach. In addition, they reported very little confidence in these findings due to inconsistency, 
imprecision and the risk of bias. They concluded that bariatric surgery prior to hip or knee arthroplasty does not improve clinical outcomes or reduce 
complication rates for patients who are obese [24]. 

The existing literature has important limitations in attempting to answer the proposed question. Many of the aforementioned studies are 
retrospective in nature. There is a lack of prospective or randomized trials. There is also a lack of data on the nutritional status of obese patients 
undergoing bariatric surgery and TJA. This is important in that post-bariatric surgery patients may remain in a malnourished state following bariatric 
surgery [25]. Because malnutrition has been previously associated with an increased rate of PJI [26], the lack of data on the nutritional status of these 
patients prior to and after bariatric surgery can potentially confound results. The small sample sizes and the use of registry databases does not allow for 
subgroup analysis on the types of bariatric surgeries received. There are differences in weight loss and nutritional status between different types of 
bariatric surgery, and this may influence the rate of infection following arthroplasty [11]. In addition, the time interval between bariatric surgery and 
arthroplasty was often unreported or inconsistent across the different studies. In addition, given the relatively low rate of PJI in TJA, many of the current 
studies may be too underpowered to address this clinical question. Furthermore, the criteria for definition of SSI or PJI, particularly in the large database 
studies, were not consistently reported. 

In conclusion, in the absence of strong evidence and a lack of studies with detailed data pertinent to the subject, we feel that subjecting obese 
patients to bariatric surgery prior to TJA for the sake of reducing subsequent SSI or PJI is not warranted.  
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QUESTION 7: Does human immunodeficiency virus (HIV) predispose patients to surgical site 
infection/periprosthetic joint infection (SSI/PJI)? If so, what optimization should be undertaken prior to 

operating on patients with HIV? 

RECOMMENDATION: Human immunodeficiency virus (HIV) infection is known to be a risk factor for surgical site infection (SSI) and periprosthetic joint infection (PJI). 

However, in patients who are medically optimized, with highly active antiretroviral therapy (HAART), the magnitude of the risk is small and comparable to HIV-negative 
patients. Patients must be optimized for underlying conditions including malnutrition, renal and liver disease, cluster of differentiation (CD4) count and viral load. 

LEVEL OF EVIDENCE: Moderate  

DELEGATE VOTE: Agree: 96%, Disagree: 2%, Abstain: 2% (Unanimous, Strongest Consensus) 

RATIONALE 

HIV has led to more than 70 million people currently infected and about 35 million HIV-related mortalities. An estimated 0.8% of adults aged 15 to 49 
years worldwide are living with HIV [1]. Between 1979 and 1985, many hemophilic patients were exposed to HIV through administration of unscreened 
blood products [2]. The advent of HAART in 1997 changed the nature of HIV infection from a life- 
threatening condition into a well-controlled chronic disease, with patients achieving a near normal lifespan [3–8]. As the HIV-infected population ages, 
these patients may develop advanced age-specific morbidities such as degenerative joint disease [3]. Therefore, the demand for total joint arthroplasty 
(TJA) in HIV-infected patients is on the rise and concerns about proper treatment strategies and the outcomes of this procedure in this patient population 
are emerging [2,3,9,10].  

Studies performed before initiation of HAART have reported infection-related complication rates as high as 50% [2,9,11]. These patients, in most 
cases, were hemophiliacs who had been co-infected with HIV [12] or had comorbidities such as intravenous drug abuse [13]. Later studies on HIV-infected 
patients without hemophilia had better outcomes and lower rates of periprosthetic joint infection (PJI), even equal to a healthy population [6–8,14–17]. 
This inconsistency in the literature reflects small sample sizes and the inclusion of confounding conditions such as hemophilia, which in itself increases 
complication risks, and the use of HAART [11]. (Table 1 and Table 2 consist of most representative papers describing demographics and PJI rates in HIV-
infected patients without hemophilia and with hemophilia, respectively) [3].  

Confounding Factors (e.g., Hemophilia and Intravenous Drug Use) 

There are conditions that have a strong effect on joint arthroplasty outcomes in HIV-infected patients. Lehman et al. analyzed data on 41 hip and 
knee arthroplasties performed on intravenous drug users, some of whom were HIV-positive, and they showed that drug use was an independent risk 
factor for infection after total joint arthroplasty [13]. This study and similar other studies have shown that comorbidities in patients, particularly 
hemophilia and intravenous (IV) drug abuse, are potential independent risk factors for developing PJI [13,26,33,35–38]. Some of these patients also 



demonstrated minimal benefit from the use of HAART [12,13]. A thorough social history and urine toxicology should be obtained to screen for current IV 
drug users. Ongoing illegal drug abuse is a strong contraindication for elective TJA [39]. Nevertheless, factors such as nutritional status, liver and renal 
function, CD4 cell count and viral load (VL), are correctable and need to be addressed in the perioperative period in HIV-infected patients [3,40]. 

We identified 15 studies suitable for inclusion in a systematic review to answer the posed question for hemophiliac patients [12,13,19,28,41–44]. 
Eight of the studies had an HIV-negative comparator group [19,42,43]. There were 47 PJIs/SSIs in 332 arthroplasties (0.142, 95% CI:0.106 to 0.184). 

The relative risk of PJI/SSI based on a combination of the seven studies with a control group was 170, (95% CI: 0.93 to 3.1) indicating that the risk 
was not significantly elevated in the HIV-infected hemophiliac arthroplasty patients compared to the HIV-negative hemophiliacs (see Fig. 1). 

Features common to most of the above studies on hemophiliacs are small numbers of study patients and long periods of follow-up with inclusion of 
a large proportion of patients who received joint arthroplasties before the HAART era.  

CD4 count 

The importance of CD4 count and its relation to the severity of the infection in patients with HIV has been previously confirmed [45,46]. However, 
the optimal threshold for CD4 count in patients undergoing elective arthroplasty has not been established. Limited data has shown some association 
between CD4 count and PJI in HIV-positive patients. In a retrospective study with a mean follow-up of 10.2 years, Parvizi et al. [9] noted a PJI rate of 
28.5% (6 out of 21) and showed a significant association between the immune status of the patient and the incidence of PJI. The CD4 count at the time 
of arthroplasty was not available for four of six of these patients. However, the CD4 count was significantly lower at an average 239 cells/ml

 
at latest 

follow-up for patients with deep infection versus 523 cells/ml for the study population as a whole (p < .001). 
In the field of orthopaedic trauma procedures, there is evidence that patients with CD4 cell counts less than 200 have higher rates of complications 

than patients with higher counts. Other studies showed that risk factors for wound infection in the orthopaedic trauma setting include HIV clinical 
category B, CD4 counts of < 500 cells/ml, contaminated wounds and low serum albumin [47–49]. 

Viral load 

The viral load, that is the number of copies of viral RNA in a patient’s blood, is another test used to monitor HIV infection. It remains to be seen if the 
level of viral load can be used to predict the rates of PJI in HIV-positive patients who undergo TJA [3]. Horberg et al. [50] found that in HIV-infected 
patients undergoing surgical procedures (including both orthopaedic and non-orthopaedic procedures), HIV viral loads of > 500 copies/mL were 
associated with minimal complications, whereas HIV viral loads of > 30,000 copies/mL were associated with an increased risk of complications.

 
If CD4 

counts are > 400 cells/ml with undetectable viral loads, the patient might benefit from TJA as the risk of PJI may be decreased [51]. In a retrospective 
study, Falakassa et al. [24] suggested that well-controlled HIV patients on HAART therapy with undetectable viral loads and CD4 > 200 are at similar risk 
of PJI as the average population. Based on some indirect evidence, a CD4 count of > 400 cell/ml and a viral load of < 50 copies/ml could be ideal thresholds 
for elective TJA [50]. 

 

TABLE 1. Demographics of representative studies on PJI in patients with HIV, but not hemophilia  

Study 
TJA 

Number 
PJI Number 

Number of 

Patients  

Number of Male 

Patients  
Mean Follow-Up Mean Age (Years) 

Capogna [8] 2013 69 3 57 Unclear (Only 58% of 
HIV cases presented) 

609 days 44.8 

Chokotho [15] 2013 15 0 12 Unclear – HIV patients 
not separated 

Unclear 47.1 (not useable) 

Cummins [7] 2014 8 0 7 3 (Not useable as  
operations not clear) 

25 months (1–68 
months) 

35 (not useable) 

Graham [6] 2014 43 0 29 19 3 years, 6 months (5 
months–8 years and 
2 months) 

47 years, 7 months 
(21–59 + 5 months) 

Joon Yoo [18] 2010 5 0 3 3 16.6 months (4–37 
months) 

38.6 (not separated 
by operation) 

Lin [19] 2014 22 2 20 20 4.6 years (2–8.6 
years) 

49 (+/-17.8) 

Lubega [14] 2009 18 0 18 Unclear Unclear 52 (not useable) 

Mahoney [20] 2005 54 1 40 31 2.3 years (1–7 years) 44.4 years (+/-9.3) 

Snir [21] 2014 41 1 31 22 33 months (4–116) 49.6 (32–75) 

Tornero [22] 2012 18 0 13 11 3.3 years (+/- 2.5) 44.3 (+/- 9.1) 

Wang [23] 2012 8 0 5 Unclear 38.6 months (4–84) 44.5 (36–54) 



Falakassa [24] 2014 32 0 24 17 14 months (1.5–60) 50 (31–74) 

Issa [25] 2013 44 2 34 23 7 years (4–11 years) 48 (Range 34–80) 

Lehman [13] 2001 4 0 NA NA Unclear Unclear 

Issa [16] 2017  50 0 45 31 6 years 57 years  
(38–72) 

 

HIV, human immunodeficiency virus; NA, not available; PJI, periprosthetic joint infection; TJA, total joint arthroplasty.  

 

TABLE 2. Demographics of representative studies on PJI in patients with HIV and hemophilia [3] 

Study TJA 

Number 

PJI Number Number of 

Patients 

Number of 

Male Patients 

Mean Follow-Up Mean Age (Years) 

Goddard [26] 2010 17 1 16 Unclear 9.2 years (2–23) 43 (25–70) 

Haberman [27] 2008 ?53 ? 41 37 81 months (2–14 years) 46 (34–68) 

Hicks [12] 2001 91 17 Unclear Unclear 5.7 years (0.1–20.8) 39 (22–60) 

Lehman [13] 2001 18 3 14 Unclear 62 months (24–152) 33 (25–48) 

Norian [28] 2002 40 4 29 Unclear 110 months (24–246) 33.7 (+/-8.2) 

Thomason [29] 1999 12 4 12 (not useable) Unclear  Unclear 

Powell [30] 2005 30 3 19 19 80 months (2–323) 33 (20–61) 

Ragni [31] 1995 34 8 34 (not useable) Unclear Unclear 36 (+/- 3.1) 

Rodriguez [32] 2011 21 2 21 Unclear 8.5 years (1–13) 36.5 (24–52) 

Rodriguez [33] 2007 19 1 19 Unclear 7.5 years (1–10) 31 (24–42) 

Unger [34] 1995 26 0 15 Unclear 6.4 years (1–9) 33 (25–42) 

 

HIV, human immunodeficiency virus; PJI, periprosthetic joint infection; TJA, total joint arthroplasty.  
 
 



 

FIGURE 1. Forest plot of relative risk of PJI/SSI in HIV-infected hemophiliacs vs. HIV-negative hemophiliacs. 

 

HAART 

HAART therapy reduces HIV transmission, restores immune function, reduces HIV- related morbidity and mortality and improves survival [39,48]. 
Some studies have shown that HAART therapy could stabilize CD4 count within normal limits which is assumed to be correlated with better outcomes in 
patients undergoing orthopaedic procedures [39].  

In a systematic review, Enayatollahi et al. [3] suggested that HIV-positive patients who are medically optimized with HAART and controlled for their 
comorbidities have an acceptable rate of PJI after TJA that approaches that of HIV-negative patients. 

Malnutrition, Liver and Renal Disease 

Malnutrition is strongly associated with a multitude of complications following TJA, including prolonged hospitalization, delayed wound healing, 
persistent wound drainage and subsequent susceptibility to infection. The nutritional status is assessed by the level of serum albumin (normal 3.5 to 5 
g/dl), serum transferrin (normal 204 to 360 mg/dl), serum prealbumin (normal 15 to 35 mg/dl) and total lymphocyte count (800 to 2,000/ml) [49]. 
Although thresholds for these tests have not been established, any deviation of these parameters might be associated with increased complications. It is 
reasonable to expect that HIV-positive patients may suffer a higher risk of postoperative complications due to underlying malnutrition [52], abnormal 
weight loss, fluid and electrolyte imbalance and renal disease [10,11,19,43,53].  

Using a nationwide database between 2005 and 2012, Kildow et al. [53] concluded that HIV-positive patients co-infected with hepatitis C virus (HCV) 
or hepatitis B virus (HBV) are at increased risk of PJI at two years, and the risk of revision after total hip arthroplasty is also increased at 90 days and 2 
years. 

Conclusion 

The advent of HAART has transformed HIV infection to a well-controlled chronic disease and HIV-positive patients are expected to have a near normal 
life span. Elective arthroplasty is a safe procedure and could benefit this patient population should they be medically optimized with HAART and establish 
appropriate CD4 count and viral load, while addressing their comorbidities including malnutrition, liver and renal disease, hemophilia and IV drug abuse 
in the perioperative period. 
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QUESTION 8: Do immunomodulatory disease-modifying medications (e.g., methotrexate or antitumor necrosis 
factor (anti-TNF) agents) need to be withheld preoperatively to reduce the risk for subsequent surgical site 
infection/periprosthetic joint infection (SSI/PJI)? 

RECOMMENDATION: 

For adults with inflammatory arthritis (rheumatoid arthritis (RA), psoriatic arthritis (PsA), adults with juvenile idiopathic arthritis (JA), ankylosing 
spondylitis (AS) or systemic lupus erythematosus (SLE)), all biologic anti-rheumatic medications including TNF inhibitors and IL-6 blockers (see 
Table 1 for complete list) should be withheld for a full dosing cycle prior to total hip (THA) and total knee arthroplasty (TKA), and the surgery 
should be timed to the week following the withheld dose. These medications can be restarted no less than two weeks after surgery if the wound 
is healing well, all sutures are out and there are no non-surgical site infections. 

For adults with inflammatory arthritis or SLE, synthetic disease-modifying anti-rheumatic drugs (DMARDs; see Table 1), including methotrexate, can 
be continued through the perioperative period. 

For adults with severe SLE, immunomodulatory medications (see Table 1) can be continued through the perioperative period. 

For adults with mild SLE, immunomodulating medications (with the exception of tacrolimus) should be withheld prior to surgery and restarted at a 
minimum of 14 days after surgery if the wound is healing well and all sutures are out and there is no surgical site or non-surgical site infection. 

For adults with RA, SLE, AS, PsA and JIA receiving glucocorticoids (GCs) for treatment of their rheumatic disease, who did not receive GCs during 
development and are not receiving replacement therapy, we recommend that the usual daily GC dose be given on the day of surgery rather 
than supra-physiologic (“stress dose”) GCs. 

LEVEL OF EVIDENCE: Limited, based on moderate to low-quality indirect evidence  

DELEGATE VOTE: Agree: 87%, Disagree: 3%, Abstain: 10% (Super Majority, Strong Consensus) 

RATIONALE 

While arthroplasty provides important benefits for those with inflammatory arthritis and SLE, these patients are at increased risk of complications 
including infection [1–3]. To provide guidance, the American Association of Hip and Knee Surgeons (AAHKS) and the American College of Rheumatology 
(ACR) convened a panel of stakeholders including rheumatologists, orthopaedists, patients, infectious disease experts and methodologists. We 
systematically reviewed the relevant literature in Embase (1974 +), the Cochrane Library and PubMed (mid-1960s +) from January 1, 1980 through March 
6, 2016 and synthesized the evidence, reaching consensus on the recommendations listed above, to balance the risk of infection against the risk of disease 
flare [4]. An additional literature search was conducted from March 1, 2016 through February 28, 2018 and additional relevant articles were added to 
this discussion.  

For synthetic non-biologic DMARDs there is evidence from randomized controlled trials revealing no increase in infection when these medications 
are continued through the perioperative period. Although there are no surgical trials directly comparing infection and flare for biologic anti-rheumatic 
medications including TNF inhibitors and IL-6 blockers, there are numerous trials that demonstrate an increase in infection associated with these 
medications in non-surgical settings. Because patients with mild SLE can be carefully monitored after surgery and medications can be restarted for flares, 
we recommend withholding all immunomodulating medications at the time of surgery. For patients with severe or potentially life or organ-threatening 
SLE, perioperative complications may be linked to active disease, so we recommended continuing immunomodulating medications through surgery, in 
consultation with the patient’s rheumatologist.  

TABLE 1. Medications included in this guideline  

DMARDs: CONTINUE these medications through surgery. Dosing Interval Continue/Withhold 

Methotrexate Weekly Continue 

Sulfasalazine Once or twice daily Continue 



Hydroxychloroquine Once or twice daily Continue 

Leflunomide (Arava) Daily Continue 

Doxycycline Daily Continue 

BIOLOGICS: STOP these medications prior to surgery and 

schedule surgery at the end of the dosing cycle. RESUME 

medications at minimum 14 days after surgery in the absence 

wound healing problems, surgical site infection or systemic infec 

tion. 

Dosing Interval Schedule Surgery (relative to last 

biologic dose administered) 

Adalimumab (Humira) 40 mg Every 2 weeks Week 3 

Etanercept (Enbrel) 50 mg or 25 mg Weekly or twice weekly Week 2 

Golimumab (Simponi) 50 mg Every 4 weeks (SQ) or  

Every 8 weeks (IV) 

Week 5 

Week 9 

Infliximab (Remicade) 3 mg/kg Every 4, 6 or 8 weeks Week 5, 7 or 9 

Abatacept (Orencia) weight-based 500 mg; IV 1000 mg; SQ 125 

mg 

Monthly (IV) or  

weekly (SQ) 

Week 5 

Week 2 

Rituximab (Rituxan) 1000 mg 2 doses 2 weeks apart every 4-

6 months 

Month 7 

Tocilizumab (Actemra) IV 4 mg/kg; 

SQ 162 mg 

Every week (SQ) or Every 4 

weeks (IV) 

Week 3 

Week 5 

Anakinra (Kineret) SQ 100 mg Daily Day 2 

Secukinumab (Cosentyx) 150 mg Every 4 weeks Week 5 

Ustekinumab (Stelara) 45 mg Every 12 weeks Week 13 

Belimumab (Benlysta) 10 mg/kg Every 4 weeks Week 5 

Tofacitinib (Xeljanz) 5 mg: STOP this medication 7 days prior to 

surgery. 

Daily or twice daily 7 days after last dose 

SEVERE SLE-SPECIFIC MEDICATIONS: CONTINUE these 

medications in the perioperative period. 

Dosing Interval Continue/Withhold 



Mycophenolate Twice daily Continue 

Azathioprine Daily or twice daily Continue 

Cyclosporine Twice daily Continue 

Tacrolimus Twice daily (IV and PO)  Continue 

NOT-SEVERE SLE: DISCONTINUE these medications in the 

perioperative period. 

Dosing Interval Continue/Withhold 

Mycophenolate Twice daily Withhold 

Azathioprine Daily or twice daily Withhold 

Cyclosporine Twice daily Withhold 

Tacrolimus Twice daily (IV and PO) Continue 

Dosing intervals obtained from prescribing information provided online by pharmaceutical companies. 

*2016 American College of Rheumatology/American Association of Hip and Knee Surgeons Guideline for the Perioperative Management of Anti-
rheumatic Medication in Patients with Rheumatic Diseases Undergoing Elective Total Hip or Total Knee Arthroplasty 

 

IV, intravenous; SQ, subcutaneous; PO, oral 
Reproduced with permission [4]. 

 
 
Tofacitinib is a unique oral immunomodulator that increases infection risk, so we recommended withholding tofacitinib for seven days prior to 

surgery. Immunocompromised status is linked to high-dose biologic therapy, so we based the period of drug withholding on the dose interval, to reflect 
the period of effective immunosuppression that is not reflected in the serum pharmacokinetic half-life. For example, rituximab has a serum half-life of 
18 to 32 days, yet B-lymphocyte depletion may persist ≥ 6 months after an infusion. This suggests that the optimal time for surgery is at the end of the 
dosing cycle at the drug immunosuppressive nadir. 

Glucocorticoids (GCs) are typically administered at supra-physiologic doses (“stress-dose corticosteroids”) to patients receiving long-term GCs at the 
time of THA and TKA, despite the consistent association with increased infection, out of concern for hemodynamic instability. Based on randomized 
control trials as well as observational studies that do not demonstrate hypotension when usual dose GCs are administered, we recommended continuing 
the usual dose rather than “stress-dose corticosteroids.” This recommendation applies only when the GCs are given for a rheumatic conditions and not 
to those who received GCs during development or those receiving GCs as replacement therapy for other medical conditions. 

Since this publication, the background assumption of increased infection risk for patients with RA has been confirmed in a large registry-based 
THA/TKA cohort study of 3,913 patients with RA compared with 120,499 patients with osteoarthritis (OA) [5]. Patients with RA had an increased risk of 
PJI (subhazard ratio (SHR): 1.46, 95% confidence interval (CI) 1.13 to 1.88). Biologics were administered within 90 days of surgery in 345 of 1,946 patients 
but did not increase the risk of PJI (SHR: 1.61, CI 0.70 to 3.69). A second retrospective cohort study analyzed surgeries in 4,288 patients with inflammatory 
bowel disease and inflammatory arthritis on chronic infliximab who received an infusion within 6 months of THA and TKA [6]. Exploiting the precision of 
infusion billing records, they determined that infliximab when given within four weeks of surgery compared to infliximab given > six months prior to 
surgery did not increase the risk of serious infection within 30 days after surgery (odds ratio (OR): 0.90, CI 0.60 to 1.34) or PJI within one year (OR: 0.98, 
CI 0.52, 1.87). Glucocorticoid dose > 10 mg significantly increased the risk of 30 day infection (OR: 2.11, CI 1.30 to 3.40) and PJI (HR: 2.70, CI 1.30 to 5.60). 
In a retrospective case control study using data from a large commercial database, 55,861 patients with OA or RA undergoing arthroplasty were identified, 
including 1,127 infected TJA cases that were matched to 1,106 controls. RA patients were 47% more likely to have a postoperative infection than OA 
patients (OR: 1.47, CI 1.04 to 2.08). Use of perioperative immunosuppressive medications did not increase the risk (OR: 1.12, CI 0.84 to 1.50). Perioperative 
prednisone use was again found to be a significant risk factor for infection (OR: 1.59, CI 1.28 to 1.97) [7]. 

These observational studies indicate that addressing infection risk for rheumatic disease patients remains important, and support our 
recommendation to give the usual dose of GCs, not supraphysiologic doses, at the time of THA and TKA. While biologics were not a risk factor for infection 
after surgery, unmeasured confounders may play a role in observational studies. These studies provide further justification for needed research in the 
future. 
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QUESTION 9: Does liver disease (hepatitis C, cirrhosis, etc.) predispose patients to surgical site 
infection/periprosthetic joint infection (SSI/PJI)? If so, what optimization should be undertaken prior to 
operating on patients with liver disease? 

RECOMMENDATION: Yes. Patients with liver disease such as hepatitis or cirrhosis have a higher risk of infection. These patients are at increased risk of intraoperative 

and postoperative bleeding. All efforts should be made to ensure such complications are minimized.  

LEVEL OF EVIDENCE: Strong 

DELEGATE VOTE: Agree: 98%, Disagree: 1%, Abstain: 1% (Unanimous, Strongest Consensus) 

RATIONALE 

Hepatitis C virus (HCV) affects more than 185 million people worldwide, and approximately 80% of infected individuals progress to chronic infection, with 
20% developing cirrhosis within 25 years [1–4]. As medical therapy continues to improve the life expectancy of patients with liver disease, there is an 
increasing demand for orthopaedic procedures in this population [5–8]. Earlier studies evaluating postoperative complications in this patient population 
were of small sample sizes and were not conclusive [6,9,10]. However, recent studies have predominantly demonstrated that, indeed, SSI and PJI occur 
at much higher rates among these patients [11].  

PJIs can occur at a higher frequency among patients with liver cirrhosis compared with those without liver cirrhosis undergoing elective knee arthroplasty 
(2.7 vs. 0.8%), elective hip arthroplasty (3.66 vs. 0.69%) and hip fracture patients (6.30 vs. 1.10%), as shown by Jiang et al. by analyzing the data from the 
Nationwide Inpatient Sample and the State Inpatient Database. The study found that liver cirrhosis was an independent risk factor for PJI (odds ratio (OR): 
2.4, confidence interval (CI) 1.87 to 3.12), as was a diagnosis of HCV without cirrhosis (OR: 2.3, CI 1.97 to 2.76) [5]. Another retrospective cohort study of 
primary total hip arthroplasty (THA) or total knee arthroplasty (TKA) patients within the Danish National Patient Registry also supported a higher rate of PJI 
within one year of surgery in patients with liver cirrhosis [12]. It is important to note that HCV itself may increase complication rates even in the absence of 
liver cirrhosis.  

Pour et al. observed an increased rate of surgical complications, including PJI, in patients with non-cirrhotic HCV undergoing THA but not TKA [10]. 
The study by Issa et al. included 6,343 patients with HCV and 19,029 matched controls and demonstrated an increased rate of early postoperative surgical 
complications following THA or TKA in patients with chronic HCV [6]. The cohort also had a higher rate of 90-day complication and readmission [13]. Best 
et al. used the National Hospital Discharge Survey to compare 26,444 patients with HCV undergoing THA or TKA with a control cohort of 8,336,882 
patients without HCV. They reported higher rates of PJI in patients with HCV undergoing total joint arthroplasty (TJA) (HCV: 0.84%, controls: 0.09%, OR: 
9.5, CI 8.3 to 10.8) [14]. Studies by Cancienne et al. using the PearlDiver patient record database showed significant OR of 1.7 to 2.1 for infection in total 
knee, hip [15] and shoulder [16] arthroplasty at 3, 6 and 12 months after surgery. These 3 groups had respectively 15,383, 8,380 and 1,466 cases with 
HCV that were compared to, respectively 146,541, 48,440 and 21,502 matched control patients. Kildow et al. have demonstrated that by matching control 
group with age, gender and Charlson comorbidity index (CCI), patients with HCV had higher rates of complications in a 30-day, 90-day or two-year period 
after TJA [17]. 

In addition, hepatitis B virus has been recognized as an independent risk factor for PJI after total knee arthroplasty [18]. The risk of PJI at 90 days and 
two years after total hip and knee arthroplasty were also significantly increased [17]. As compared to control patients, those with liver cirrhosis have 
more blood loss, higher complications and higher mortality rates. Among cirrhosis patients, alcohol-related cirrhosis carried the highest rate of 
perioperative complications [19,20]. 

There are several different explanations for the higher PJI risk in liver cirrhosis patients. One explanation is that liver disease may impair platelet 
function and cause thrombocytopenia that increases the risk of intraoperative and postoperative bleeding [21–23]. HCV could suppress the immune 
system, damage the endothelial cells, and lead to severe medical and surgical complications [6,24,25]. Intraoperative blood loss and the need for 
concentrated red blood cell transfusions reduce the immunological condition of these patients even further. Moreover, the formation of a hematoma 



around the surgical wound in the days following the intervention is yet another risk factor for developing a PJI. Also, patients with HCV may have beta-
islet cell dysfunction and subsequently may develop diabetes mellitus that may result in an increased prevalence of wound complications and the 
potential for infection [21]. Also, another possible reason is that patients with liver disease had a decreased ability to activate the reticuloendothelial 
system, lymphoproliferation, neutrophil mobilization and phagocytic activity, all of which diminish their bactericidal activity and have been suggested as 
important contributing factors to this predisposition towards bacterial infection [16,26,27]. 

Orthopaedic surgeons should be increasingly aware of this association which should influence the shared decision-making process of performing TJA 
in patients with liver disease [12,20]. We believe that it is in these patients that preventative measures should be heightened against infection and that 
strict postoperative control should be followed to proceed aggressively if the infection is suspected. The hemostatic balance should be corrected before 
surgery according to established procedures such as vitamin K administration or concentrated plasma transfusions to avoid excessive bleeding or perhaps 
patients with advanced stage of disease should not subject to elective arthroplasty [28,29]. Also, the immune-compromised status of patients with liver 
disease should be more stringently monitored before surgery [26]. 

After correlating the seroprevalence rate and underdiagnosed rate, Cheng et al. have concluded that routine screening for HCV infection is not cost-
effective [30]. The other study made the same conclusion by comparing the cost and the transmission rate of HCV through percutaneous contact with 
blood [31]. 

Given the presence of overwhelming evidence in the literature, we conclude that liver disease such as hepatitis or cirrhosis predisposes patients to 
SSI/PJI. The hemostatic balance and immune compromised status should be corrected before surgery in patients with liver disease. There are presently 
no proposed guidelines to better prepare patients with liver disease for orthopaedic surgery. Future research should address care optimization for these 
patients. Hepatitis will increase the rate of complication after elective arthroplasty. The advantage of operation and disadvantage of possible 
complications should be carefully evaluated and discussed with the patient. 
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QUESTION 10: Is there a link between opioid consumption and an increased risk for surgical site 
infection/periprosthetic joint infection (SSI/PJI)? 

RECOMMENDATION: Yes. The utilization of opioids prior to surgery has been associated with an increased risk of developing SSIs/PJIs.  

LEVEL OF EVIDENCE: Limited 

DELEGATE VOTE: Agree: 71%, Disagree: 17%, Abstain: 12% (Super Majority, Strong Consensus) 

RATIONALE  

In both in vitro studies and in animal models, opioids have been shown to have immunosuppressive effects, modulating both the adaptive and innate 
immune systems [1–6]. Opioids have been implicated in the development of various infections including human immunodeficiency virus (HIV), hepatitis 
C virus (HCV) and opportunistic bacterial infections [4,5,7,8]. 

Despite the increased interest in opioid research, few studies within the arthroplasty literature have examined the effect of preoperative opioid 
consumption and the subsequent development of infection. With respect to surgical site infections, Menendez et al. found that preoperative opioid 
utilization was associated with higher patient morbidity, including an increased risk of surgical site infections [9]. For PJI, Cancienne et al. found in a 
national database review that preoperative narcotic use was associated with a higher risk of PJI within one year [10]. Similarly, Bell et al. reported in a 
retrospective case-control study that preoperative opioid usage was independently associated with an increased risk of PJI within two years [11]. 
Furthermore, preoperative opioid usage has been implicated as a risk factor for early revision surgery [12–14]. Neither of the two database surveys in 
the literature, however, performed further sub-analyses on type of revision. Therefore, the relationship between preoperative opioids and septic 
revisions remains unknown.  

In conclusion, limited evidence exists to support the role of opioids as a risk factor for development of SSI/PJI. Given the scope of the danger posed 
by these medications, there is a need for further studies to develop more concrete recommendations for potential risk factor modification. 
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QUESTION 11: Does the presence of anxiety/depression and mood disorders increase the risk of surgical site 

infections/periprosthetic joint infections (SSIs/PJIs)? If so, what are the  
considerations that should be implemented to reduce the risk of SSIs/PJIs? 

RECOMMENDATION: There is emerging evidence to suggest that affective disorders, such as depression and anxiety, increase the risk for PJIs. Although both 
physiological and psychological explanations for this association have been offered, it is not clear whether modulating or treating these disorders prior to surgery results 

in a reduction in the risk of PJIs.  

LEVEL OF EVIDENCE: Strong 

DELEGATE VOTE: Agree: 88%, Disagree: 4%, Abstain: 8% (Super Majority, Strong Consensus) 

RATIONALE 

Recent studies suggest that affective disorders, such as depression and anxiety, can increase the risk for SSIs/PJIs [1]. There are both physiological and 
psychological reasons for this association. Depression has been shown to stimulate production of pro-inflammatory cytokines, such as IL-6, as well as 
promote the down-regulation of the cellular immune response (natural killer cell activation and T-helper cell replication) [2,3]. Promotion of IL-6 
stimulates the secretion of corticotrophin-releasing hormone (CRH), which increases the production of plasma adrenocorticotropic hormone (ACTH) and 
cortisol, and thus inhibits certain aspects of the immune response [2,4]. Patients with depression and anxiety disorders are also likely to suffer self-
neglect, that places them at higher risk of SSI/PJI [5,6]. Patients with affective disorders are likely to be smokers, suffer from malnutrition and 
consequently can be anemic, consume alcohol or live in social isolation, all of which places them at higher risk of SSIs/PJIs [7–12].  

While the link between depression and PJI still warrants investigation, depression has been shown to be an independent risk factor for PJI following 
primary TJA in several national registry studies [13–16]. Browne et al. reported the incidence of depression in the arthroplasty population to be 10.0% 
[14]. This same study found depression to be associated with greater risk of postoperative infection (odds ratio (OR): 1.33) [14]. A case-control 
retrospective study by Bozic et al. found depression to be independently associated with an increased risk of PJI in total hip arthroplasty patients (hazard 
ratio (HR): 1.28) [17]. Similarly, another single center retrospective study of primary total hip arthroplasty (THA) found depression to be significantly 
related to PJI [18]. Furthermore, a systematic review and meta-analysis of 66 observational studies (23 prospective, 43 retrospective) pooled variably 
adjusted relative risks demonstrated depression produced a significantly increased risk of PJI (RR: 1.48, 95% CI 1.13 to 1.95) after total knee arthroplasty 
(TKA) or THA [19].  

Other mental health disorders, such as bipolar disorder and schizophrenia, have also demonstrated an association with PJI. Kheir et al. demonstrated 
patients with psychosis and depression had increased odds of developing PJI at 90 days (OR: 3.334, p = 0.049), two years (OR: 3.94, p = 0.004) and at any 
time point (OR: 4.32, p = 0.002) [20]. Furthermore, Klement et al. demonstrated that patients with any psychiatric illness (bipolar disorder, depression 
and schizophrenia) undergoing elective primary TKA and primary THA, were at increased risk for PJI (TKA OR: 2.17, p < 0.001, THA OR: 2.26, p < 0.001) 
[15,16].  

While there is substantial evidence that depression is an independent risk factor for PJI, there is limited evidence that controlling or treating 
depression results in a reduction or normalization of the PJI risk. A recent retrospective study of over 20,000 arthroplasty patients by Yao et al. 
demonstrated no association between the use of perioperative antidepressants and increased risk of revision or PJI; however, selective serotonin 
reuptake inhibitor (SSRI) users did experience lower risk of all-cause revision and aseptic revisions [21]. A retrospective study of 140 patients undergoing 
anterior cervical discectomy and fusion found similar self-reported surgical outcomes in patients pretreated with antidepressants for at least six months 
prior to surgery compared to the control group that had no prior history of depression [22]. However, future prospective interventional studies 
investigating the influence of depression treatment modalities on PJI risk in arthroplasty patients are warranted.  
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QUESTION 12: Does vitamin D deficiency (VDD) increase the risk of subsequent surgical site 
infections/periprosthetic joint infections (SSIs/PJIs) in patients undergoing orthopaedic  
procedures? 

RECOMMENDATION: Unknown. VDD may increase the risk of subsequent SSIs and/or PJIs in patients undergoing orthopaedic procedures by diminishing vitamin D-
mediated innate and adaptive immune responses.  

LEVEL OF EVIDENCE: Limited 

DELEGATE VOTE: Agree: 82%, Disagree: 5%, Abstain: 13% (Super Majority, Strong Consensus) 

RATIONALE 

The exact mechanism of how vitamin D affects immune function is unknown. Numerous studies have demonstrated its regulation of both the innate and 
adaptive immune responses [1–6]. Vitamin D has been shown to activate the innate immune system to kill bacteria through intracrine regulation of 
monocytes, as well as by modulating production of anti-microbial peptides (AMPs) and cytokines [1,2]. Vitamin D activates the adaptive immune response 
through paracrine regulation in dendritic cells, T cells and B cells [1]. 

Clinical evidence of VDD and risk of SSI/PJI in the orthopaedic literature is limited. In a prospective study, measuring serum 25-hydroxyvitamin D 
levels, VDD was found in 64% of patients presenting for primary total joint arthroplasty (TJA), 52% of patients presenting with aseptic loosening, and 86% 
of patients presenting with PJI – a statistically significant difference for PJI compared to the other groups [7]. A retrospective case-control study of revision 
TJAs had similar findings, with PJI patients being more likely to have VDD than patients being revised for aseptic indications (72.7 vs.48.4%, respectively) 
[8]. Additionally, prevalence of VDD was 55% in the revision TJA population compared with 39% in the primary TJA population. Importantly, when 
controlling for other nutritional parameters such as albumin and transferrin, VDD remained predictive of PJI as the reason for revision surgery [8].  

To date, there are no clinical studies on the effect of vitamin D supplementation and the risk for SSI/PJI. In a PJI mouse model, VDD mice were shown 
to have an increased bacterial burden when compared to VDD mice that received “rescue” vitamin D supplementation [9]. Bacterial burden was similarly 
decreased between normal mice and the VDD “rescue” mice receiving supplementation.  

VDD is common, with rates reported to be 42% in adults in the United States, and 24 to 65% in TJA patients [10–14]. As a potential modifiable risk 
factor for SSI and PJI, VDD is an important area for future study.  
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QUESTION 13: Is preoperative anemia a risk factor for surgical site infection/periprosthetic joint infection 
(SSI/PJI)? 

RECOMMENDATION: Based on available evidence, preoperative anemia, as defined by a hemoglobin of less than 13.0 g/dl in men and 12.0 g/dl in women, is an 
independent risk factor for postoperative SSI/PJI following total joint arthroplasty (TJA). 

LEVEL OF EVIDENCE: Moderate 

DELEGATE VOTE: Agree: 89%, Disagree: 8%, Abstain: 3% (Super Majority, Strong Consensus) 

RATIONALE 

Anemia is a common condition that is estimated to manifest in 21 to 35% of patients who present for primary TJA [1,2]. Anemia often presents as part 
of a spectrum of comorbidities and is difficult to study in isolation. However, recent literature demonstrates a link between postoperative complications 
and preoperative anemia in several published studies [3–13]. The majority of the orthopaedic literature focuses on TJA with one study investigating 
preoperative anemia in relation to total ankle arthroplasty (TAA) [14]. 

One of the most devastating complications following TJA is that of PJI or SSI and as the number of arthroplasties performed annually continues to 
increase, prevention will be paramount. Although rare, this devastating complication represents an increase in morbidity and mortality as well as a 
important economic burden [4,13,15]. Several documented patient-related risk factors exist for increased incidence of PJI including rheumatological 
disease, diabetes and obesity [4,16]. In some instances, preoperative optimization of these chronic diagnoses can lead to favorable risk modification 
preoperatively [16]. Preoperative anemia, most commonly defined by the World Health Organization (WHO) by a hemoglobin value of less than 13.0 
g/dL in men and 12.0 g/dL in women, is one such risk factor that has been evaluated and found to be an independent predictor of postoperative 
complications including PJI [2,4,5,10,11,17,18].  

A compelling study to this end is a retrospectively collected, case-controlled study that demonstrates patients who have preoperative hemoglobin 
values of less than 13.0 g/dl in men and 12.0 g/dl 
in women had a higher overall rate of complications (odds ratio (OR): 2.11) than their matched counterparts [11]. The cohort consisted of 2,576 (19%) 
patients who had anemia matched to 10,987 patients with lab values within normal limits. After controlling for other significant comorbidities, the rate 
of overall complications for the anemic cohort was 33.2% as compared to 15.4% in the non-anemic cohort. Pertinent to the present discussion, the rate 
of infection was 4.5% in the anemic patients compared to 1.12% in the non-anemic patients (OR: 2.83, 95% confidence interval (CI) 1.78 to 4.51; p < 
0.0001) [11]. 

A pair of level II studies by Bozic et al., based on administrative data within a Medicare population, revealed an Adjusted Hazard Ratio for anemia in 
TJA to be 1.36 and 1.26 respectively (p = 0.0347 and p = 0.0014) [17,18]. In a level III study specifically investigating the relationship between preoperative 
anemia and PJI, Greenky et al. reported that anemia was independently associated with an adjusted odds ratio of 1.95 (1.38 to 2.56) for the risk of PJI 
postoperatively [5]. 

Swenson et al. reviewed an institutional series of patients with confirmed PJI and demonstrated that preoperative anemia in this setting leads to 
decreased success of open debridement and polyethylene exchange [10]. They demonstrated an odds ratio of 6.7 (CI 2.2 to 22.4, p = 0.0013) of failure in 
patients with preoperative anemia. Failure, they found, was exacerbated by a combination of infection with Staphylococcus species and preoperative 
anemia as patients that underwent irrigation and debridement absent these two factors had a 97.1% success rate as defined by maintenance of a well-
fixed implant without the need for additional surgery or lifelong oral antibiotics [10]. 

The present data suggests with moderate certainty that patients with preoperative anemia are more likely to suffer from a periprosthetic joint 
infection postoperatively than those who undergo surgery and are not anemic. Although studies that draw this conclusion are few, they 
independently corroborate this conclusion in both large cohort administrative-based data and institutional registries. Although adjusted odds ratios 
from these studies vary (1.26 to 2.11), all demonstrate that a hemoglobin value below 13.0 g/dl in men and 12.0 g/dl in women is an independent 
risk factor for PJI [5,10,11,15,17,18]. 

It also remains unclear if the presence of preoperative anemia itself, regardless of management, is a risk factor or indeed if it is the treatment for 
anemia with allogeneic blood transfusion which conveys a risk. Preoperative anemia is also the greatest predictor of the need for blood transfusion even 
in the setting of routine tranexamic acid use [19–21] and allogeneic blood transfusion has been independently correlated to SSI/PJI [7,22,23]. Further 
research is needed into this area, preferably with robust, large scale, multi-centered trials.  
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QUESTION 14: What preoperative optimization for anemia can be done to increase the  
hemoglobin concentration? 

RECOMMENDATION: Literature suggests that the administration of iron and/or erythropoietin (EPO) increases preoperative hemoglobin concentration and decreases 
the need for postoperative allogeneic blood transfusion. However, iron may only be effective for patients with  
pre-existing iron deficiencies and is associated with many side effects. Given the high costs of EPO, it’s preoperative administration to avoid  

transfusion alone has not been found to be cost effective. Further research is required to assess the risks and benefits of preoperative allogeneic blood transfusion. 

LEVEL OF EVIDENCE: Limited 

DELEGATE VOTE: Agree: 92%, Disagree: 3%, Abstain: 5% (Super Majority, Strong Consensus) 

RATIONALE 

The current literature presents several strategies to increase preoperative hemoglobin including iron supplementation, human recombinant (EPO) 
injection and preoperative blood transfusion.  

Recommended initial management is correction of any deficiencies (such as iron, folate, ferritin, B12, etc.). If patients are noted to be iron deficient, 
the hemoglobin level can be raised with iron alone, either intravenous (IV) or oral [1]. Oral iron is cheap but takes two to three months to work [2]. Oral 
iron formulations are also associated with a high gastrointestinal (GI) side effect profile. A 2015 systematic review and meta-analysis examined 43 
randomized controlled trials (RCTs) comparing oral iron vs. IV formulations or placebos and found more GI side effects with oral vs. IV formulations (odds 
ratio (OR): 3.05), and oral vs. placebo (OR: 2.32). This increase in GI side effects in turn reduces compliance with treatment [3]. Intravenous iron is more 
expensive but may increase hemoglobin levels in two to four weeks depending on the pre-treatment hemoglobin level and the degree of iron deficiency. 



Side effects are few and generally mild, but rare cases of anaphylaxis are seen as documented by a systematic review which noted 8 cases out of 2,186 
infusions [4]. 

The use of preoperative iron supplementation to raise preoperative hemoglobin for all patients, regardless of iron status, is a more controversial 
intervention. This is due to conflicting literature, side effects of treatment and ambiguity as to the length of treatment needed to achieve a demonstrable 
perioperative hemoglobin improvement. Cuenca et al. demonstrated that the use of preoperative iron supplementation, vitamin C and folate for 30 to 
45 days before surgery resulted in lower transfusion rate in primary total knee arthroplasty (TKA) patients (5.8 vs. 32%) without existing hematological 
deficiencies [5]. A further study by Cuenca et al. from 2004 investigated the use of IV iron given on admission and prior to surgery for patients with 
femoral neck fractures, again without hematological deficiencies, vs. a control group. They concluded that IV iron resulted in a lower transfusion rate 
postoperatively [6]. However, a study by Lachance et al. refutes this point and showed no difference in the postoperative transfusion rates of total joint 
arthroplasty (TJA) patients who participated in iron supplementation for three weeks prior to surgery [7]. In addition, iron supplementation was again 
associated with high levels of side effects including constipation (33%), heartburn (13.8%) and abdominal pain (12.6%) [7]. One limitation of these studies 
is that none mention improvements of preoperative hemoglobin levels.  

The preoperative administration of EPO has universally demonstrated an increase in preoperative hemoglobin and a decreased need for 
postoperative allogeneic blood transfusion, but with limitations. In a systematic review [8], eight studies (five RCTs and three cohort studies) were 
included in investigating the effects of preoperative EPO in conjunction with oral or IV iron in patients undergoing major orthopaedic surgery vs. various 
control groups [8]. After treatment, the mean preoperative hemoglobin was 14.3 ± 0.3 g/dl in the EPO cohort compared to the control (12.4 ± 0.4) [8]. 
EPO has also been shown in several studies, including randomized controlled trials, to decrease the postoperative rate of allogeneic transfusion [9] . 

These studies demonstrate a significant decrease in allogeneic transfusion with EPO as compared to routine care [10–12]. Furthermore, in a 
meta-analysis spanning 26 trials and 3,560 participants, Alsaleh et al. showed that the preoperative use of erythropoiesis stimulating agents reduced 
allogeneic blood transfusion in patients undergoing hip and knee surgery (rate ratio (RR): 0.48, 95% confidence interval (CI) 0.38 to 0.60, p < 0.001) 
without an increased risk in the development of thromboembolism [13]. Additionally, the largest prohibitive factor for the use of EPO remains cost 
[14]. Bedair et al. performed a cost-analysis on preoperative use of EPO in TJA patients to avoid transfusion [14]. They demonstrated that the EPO 
strategy was more costly compared to no EPO (USD 2,632.00 versus USD 2,284.00) and its cost would need to be less than USD 225/dose for this to 
change. Similarly, in their RCT, So-Osman et al. reported that the cost per avoided blood transfusion in TJA when using EPO preoperatively was 7,300 
euros or approximately 9,000 USD, with the authors concluding that this made EPO prohibitively expensive [9]. 

The combination of iron supplementation, EPO and tranexamic acid (TXA) has also been studied. Zhang et al. investigated the safety and effectiveness 
of optimized blood management for patients undergoing elective hip and knee arthroplasty by retrospectively comparing the use of TXA with and without 
the addition of iron supplementation and recombinant human erythropoietin [15]. This study demonstrated that the use of TXA, iron and EPO decreased 
total blood loss, the need for transfusion and hemoglobin drop without increasing the incidence of venous thromboembolism or mortality [15]. 

Another method described to increase preoperative hemoglobin is preoperative blood transfusion. A 2010 systematic review assessed four 
cohort studies, each with 100 patients or more, that compared preoperative autologous transfusion against usual care [8]. The results suggested that 
preoperative transfusions reduced the need for postoperative transfusions. However, there was no specific mention regarding the improvements in 
preoperative hemoglobin concentration, nor investigation into other clinical outcomes or adverse events that may be associated with blood 
transfusions [8]. 

In conclusion, there is limited evidence to suggest that routine administration of iron and preoperative transfusions increase preoperative 
hemoglobin and moderate evidence to suggest that EPO increases preoperative hemoglobin. Oral iron is useful in the setting of iron deficiency, but, when 
used routinely, it is not particularly effective and has a high rate of side effects, particularly gastrointestinal. EPO has routinely been shown to be more 
effective at increasing preoperative hemoglobin, but has a high monetary cost.  
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QUESTION 15: Does an effort to increase preoperative hemoglobin concentration influence the rate of 
postoperative surgical site infections/periprosthetic joint infections (SSIs/PJIs)? 

RECOMMENDATION: Despite the absence of evidence demonstrating a reduction in SSIs/PJIs with optimization of preoperative hemoglobin, we recommend that all 

efforts be made to address and optimize anemia preoperatively. 

LEVEL OF EVIDENCE: Consensus 

DELEGATE VOTE: Agree: 90%, Disagree: 4%, Abstain: 6% (Super Majority, Strong Consensus) 

RATIONALE  

With moderate evidence to suggest that preoperative anemia is associated with an increase in SSIs/PJIs and modalities exist to increase preoperative 
hemoglobin, the next logical step is to determine whether modification of this preoperative variable reduces the risk of SSIs/PJIs. However, no studies 
have investigated whether increasing preoperative hemoglobin decreases postoperative SSIs/PJIs. Studies have demonstrated that treatment of 
preoperative hemoglobin reduces postoperative transfusions [1], which have also been associated with PJIs [2–4], but the direct link between increased 
preoperative hemoglobin and decreased PJI/SSI reduction has not been established. This information would be important as it would help balance the 
potential benefits of preoperative iron treatments against the known risks and costs. Until evidence exists to suggest the administration of erythropoietin 
(EPO) and or iron supplementation safely decreases SSIs/PJIs, we cannot recommend their routine use in total joint arthroplasty for this purpose alone. 
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