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Abstract 31 

Objective  32 

To investigate the prevalence and the risk factors of surgical-site infection (SSI) and delayed wound 33 

healing (DWH) in patients with rheumatoid arthritis (RA) underwent orthopaedic surgery.  34 

Methods 35 

We reviewed the records of 1036 elective orthopaedic procedures undertaken in RA patients. Risk factors 36 

for SSI and DWH were assessed by logistic regression analysis using age, body mass index, disease 37 

duration, preoperative laboratory data, surgical procedure, corticosteroid use, comorbidity, and use of 38 

conventional synthetic disease-modifying anti-rheumatic drugs (csDMARDs) and biological DMARDs 39 

(bDMARDs) as variables.  40 

Results  41 

SSI and DWH were identified in 19 cases and 15 cases, respectively. One case of SSI and 3 cases of DWH 42 

were recorded among 196 procedures in patients using bDMARDs. Foot and ankle surgery was associated 43 

with an increased risk of SSI (odds ratio (OR), 3.167; 95% confidence interval (CI), 1.256–7.986; P=0.015). 44 

Total knee arthroplasty (TKA) (OR, 4.044; 95% CI, 1.436–11.389; P=0.008) and disease duration (OR, 45 

1.004; 95% CI, 1.000–1.007; P= 0.029) were associated with an increased risk of DWH.   46 
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Conclusions  47 

Our results indicated foot and ankle surgery, and TKA and disease duration as risk factors for SSI and 48 

DWH, respectively. bDMARDs was not associated with an increased risk of SSI and DWH. 49 
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Introduction 50 

Rheumatoid arthritis (RA) is a systemic disease characterized by inflammations in multiple joints with 51 

destruction of bone and cartilage1). Pharmacological treatment of RA has made great progress over the last 52 

two decades. Biological disease-modifying anti-rheumatic drugs (bDMARDs) have been reported to 53 

improve the symptoms of RA and delay destruction of bone and joint, especially if combined with 54 

methotrexate (MTX) 2). Recommendations for RA management set by the European League Against 55 

Rheumatism (EULAR) in 2013 stated that MTX or other conventional synthetic disease-modifying 56 

anti-rheumatic drugs DMARDs (csDMARDs) were the first choice to control RA. In patients responding 57 

insufficiently to MTX and/or other csDMARDs strategies, bDMARDs should be commenced with MTX 3). 58 

The Japanese Ministry of Health, Labor and Welfare issued approvals for the first bDMARD, infliximab, in 59 

2003. Seven bDMARDs are now available in Japan: tumor necrosis factor (TNF)-α inhibitors (infliximab, 60 

etanercept, adalimumab, golimumab, certolizumab), an interleukin (IL)-6 inhibitor (tocilizumab), and a 61 

cytotoxic T-lymphocyte-associated protein 4–immunoglobulin (CTLA4–Ig) immunoconjugate (abatacept). 62 

Despite the dramatic anti-inflammatory effects of new agents, several reports have shown bDMARDs to 63 

increase the risk of serious infection in RA patients 4–8). Moreover, the risk of serious infection of skin and 64 

soft tissue has been shown to increased in TNF inhibitor-treated patients 9). It has been suggested that 65 
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perioperative use of bDMARDs in RA patients carries potential risks for surgical-site infection (SSI) and 66 

delayed wound healing (DWH) due to their immunosuppressive effects. However, the risk of SSI and 67 

DWH with perioperative use of bDMARDs has not reached a general consensus 18–35). In most guidelines, 68 

surgeons are recommended to discontinue bDMARDs during the perioperative period to reduce the risk of 69 

SSI and DWH. The recommended perioperative discontinuation periods of bDMARDs differ slightly 70 

among rheumatology societies 10–15).  71 

In the present retrospective study, we reviewed the prevalence of SSI and DWH in RA patients undergoing 72 

orthopaedic surgery, and statistically examined to identify the risk factors for SSI and DWH.  73 

74 
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Patients and methods 74 

In this retrospective study, we investigated medical records of all RA patients underwent elective 75 

orthopaedic procedures between January 2004 and December 2012 in two centers; Okayama University 76 

Hospital (Okayama, Japan) and Kurashiki Sweet Hospital (Kurashiki, Japan). The procedures for infection 77 

were excluded due to the object of this study, and remaining 1036 surgical procedures were included. All 78 

patients fulfilled the 1987 revised American College of Rheumatology (ACR) criteria for RA36). The study 79 

was approved by the ethics committee of our institute, and all subjects gave their written informed consent 80 

(approval number 251).  81 

The discontinuation protocol of bDMARDs was based on guidelines set by the Japan College of 82 

Rheumatology (JCR) 10–12). Those guidelines recommend that TNF inhibitors (including infliximab, 83 

etanercept, adalimumab and golimumab) should be withheld 2–4 weeks before surgery. Infliximab and 84 

golimumab was withheld 4 weeks before surgery, and adalimumab was withheld 2 weeks before surgery. 85 

Etanercept was withheld once (patients of one injection/week) or twice (patients on two injections/week) 86 

before surgery, which was based on our previous report 16). As the discontinuation period for tocilizumab 87 

and abatacept was not referred to in the JCR guidelines, tocilizumab was withheld 4 weeks, and abatacept 88 

was withheld 2 weeks before surgery. Infliximab was restarted 4 weeks after surgery, and etanercept, 89 
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adalimumab, tocilizumab and golimumab were restarted after healing of surgical wounds.  90 

In our protocols for "stress dose steroids”, hydrocortisone was administered intravenously in a dose of 100 91 

mg twice daily at the day of the surgery for the patients who received prednisolone more than 5 mg/day. 92 

Identification of SSI was done based on the 1999 guidelines for the prevention of SSI 17). Cases in which 93 

suture removal was longer than 2 weeks after surgery or which required re-suturing were regarded as 94 

DWH.  95 

Statistical analyses 96 

Risk factors for SSI and DWH were assessed by univariate logistic regression analyses and multivariate 97 

logistic regression analyses between age, the body mass index (BMI), disease duration, surgical procedure, 98 

corticosteroid use, diabetes mellitus, hypertension, csDMARDs and bDMARDs. First, univariate logistic 99 

regression analysis was undertaken for these factors and factors with P<0.20 were selected. In addition, 100 

multivariate logistic regression analysis with method of increasing variables of likelihood ratio was carried 101 

out for the selected factors. P<0.05 was considered significant. 102 

103 
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Results  103 

A total of 840 procedures involved csDMARDs and 196 procedures involved bDMARDs group. Table 1 104 

shows Patients’ background at the time of surgical procedure. The patients with corticosteroid use were 624 105 

cases (74.3%, including 95 cases more than 5 mg/day) in csDMARDs group and 120 cases (61.2%, 106 

including 5 cases more than 5 mg/day) in bDMARDs group. Surgical procedures were: hand and wrist 107 

surgeries (286 procedures); foot and ankle surgeries (204); total knee arthroplasty (TKA; 196); total hip 108 

arthroplasty (THA; 97); total elbow arthroplasty (TEA; 127); total shoulder arthroplasty (TSA; 8), 109 

arthroscopic synovectomy (32); spine surgery (60); others (26) (Table 2). The bDMARDs group 110 

comprised: 94 procedures treated with etanercept; 52 with infliximab; 22 with adalimumab; 22 with 111 

tocilizumab; 5 with abatacept; one with golimumab. The mean duration of discontinuation bDMARDs 112 

before and after surgery (in days), was 10.2 and 12.8 with etanercept; 31.7 and 31.0 with infliximab; 15.9 113 

and 15.6 with adalimumab; 29.9 and 33.3 with tocilizumab; 17.8 and 18.8 with abatacept; 29.0 and 25.0 114 

with golimumab, respectively (Table 3).  115 

In 1036 procedures, SSI and DWH were identified in 19 cases (1.83%) and 15 cases (1.45%), respectively. 116 

Among patients with SSI, superficial infection and deep infection were identified in 10 cases and 9 cases, 117 

respectively. In patients using bDMARDs, 1 case of superficial infection (0.51%) and 3 cases (1.53%) of 118 
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DWH were recorded (Tables 4 and 5). Univariate and multivariate logistic regression analyses revealed 119 

procedures in the foot and ankle to be associated with an increased risk of SSI (odds ratio (OR), 3.167; 95% 120 

confidence interval (CI), 1.256–7.986; P=0.015) (Table 6). TKA (OR, 4.044; 95% CI, 1.436–11.389; 121 

P=0.008) and disease duration (OR, 1.004; 95% CI, 1.000–1.007; P= 0.029) were associated with an 122 

increased risk of DWH (Table 7). Preoperative use of bDMARDs was not an independent risk factor for 123 

SSI (OR, 0.234; 95% CI, 0.031–1.765; P=0.159) and DWH (OR, 1.073; 95% CI, 0.300–3.838; P=0.914).  124 

125 
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Discussion 125 

The current retrospective study suggested that surgery of the foot and ankle was a risk factor for SSI, and 126 

TKA and disease duration were risk factors for DWH. Preoperative use of bDMARDs was not an 127 

independent risk factor for a significant increase in the prevalence of SSI and DWH.  128 

Previous studies identified foot and ankle surgery as a potential risk of infection by Broeder et al. (OR, 3.2; 129 

95% CI, 1.6 - 6.5) 20), Kubota et al. (OR, 19.27; 95% CI, 4.67- 79.45) 24) and foot surgery by Momohara et 130 

al. (OR, 3.06; 95% CI, 1.009 – 9.327) 25). Corticosteroid use has been recognized to be a major risk factor 131 

for infection in RA patients 41–43), but corticosteroid use was not an independent risk factor in the present 132 

study. This finding might be due to relatively small dose (mean, 6 mg/day) of corticosteroid in our study as 133 

compared with previous studies 41–44). Statistical analyses revealed TKA and disease duration to be 134 

associated with an increased risk of DWH (Table 7). Previous reports suggested TKA for connective 135 

disease has a potential risk of wound complication, such as skin necrosis, wound dehiscene46, 47). Disease 136 

duration was also identified as a risk factor of DWH in the present study, partly because longer chronic 137 

inflammation or steroid use might induce thinner and weaker connective tissue including skin structure.�138 



 12 

Accumulating reports have evaluated the perioperative risk of the use of bDMARDs, but have not reached 139 

a general consensus. Several reports have suggested that treatment with bDMARDs increases the risk of 140 

SSI 18,21,22,27,29), whereas other studies have reported that use of bDMARDs is not associated with SSI  141 

19,20,23–26,28,30–35). One of the possible reasons for this discrepancy might be that the criteria for defining SSI 142 

among these studies were different. Some studies reported the patients with infectious signs or who were 143 

given additional antibiotics according to the judgments of the surgeon were identified as being SSI, and all 144 

these reports suggested that bDMARDs increased the risk of SSI 18,21,22,27,29). However, this definition of 145 

SSI carries a potential risk of overestimation of SSI. Kawakami et al. described a situation in which 146 

infection cases were recorded if surgeons diagnosed or “suspected” a surgical infection, and antibiotics 147 

were given prophylactically. In the TNF inhibitor group, 7 cases were identified by surgeons as having 148 

postoperative superficial infections that necessitated antibiotic use. If the definition of infection is purulent 149 

drainage from a deep incision, or an abscess found upon direct examination, then there was only 1 case of 150 

infection in the TNF inhibitor group 27). In the present study, patients who had additional antibiotics given 151 

prophylactically were not included as SSI. As a result, only 1 case of superficial SSI after foot surgery with 152 

etanercept was observed, and the risk of SSI with bDMARDs was not significant. The prevalence of 153 

infection in patients being treated with bDMARDs and csDMARDs was 0.5% and 2.1% in our study, 154 
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which was not higher than reports regarding SSI and treatment using csDMARDs (1.2–3.3%) 38–40). Suzuki 155 

et al. reported, using a lager dataset accumulated by a questionnaire survey, that the chance of having 156 

bDMARDs treatments was more than two-fold greater in patients with SSI compared with the chance of 157 

having csDMARDs treatments 29). The prevalence of infection of their reports in the foot surgery and TKA 158 

was 5.1% and 2.6%, respectively, which was higher than the 2.1% observed in all joint arthroplasties in our 159 

study. They cautioned to pay a careful attention to the surgery at both sites.�The limitations of their study 160 

were that the response rate to the questionnaire was only 61.7%, differences in surgical conditions 161 

(classification of “clean room”, experience of the surgeon), and lack of statistical analyses for confounders. 162 

The risk of DWH with bDMARDs treatment is also controversial. In the present study, 15 cases of DWH 163 

included 3 cases with bDMARDs. The prevalence was 1.45% in total and 1.53% in patients using 164 

bDMARDs. Studies 40,45) on DWH with csDMARDs have reported a prevalence of 4.9–5.1%, and our 165 

findings were not higher. Bibbo et al. 19) and Kubota et al. 23) reported that use of bDMARDs in 166 

preoperative periods in RA patients was not associated with DWH. Hirano et al. 28) reported that controlled 167 

use of TNF inhibitors caused no complications in surgical wounds, and could improve recovery from 168 

post-operative anemic conditions due to anti-TNF effects upon bone marrow. Conversely, Broeder et al. 20) 169 

suggested that TNF inhibitors could be associated with impaired wound healing. However, they compared 170 
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effects between continuation and discontinuation of TNF inhibitors in the perioperative period. Therefore, 171 

the risk of DWH remains unclear if bDMARDs are stopped during the relevant periods.  172 

Perioperative discontinuation period of bDMARDs could influence the prevalence of SSI and DWH. 173 

Several reports 18–35) related to bDMARDs use in the perioperative period have demonstrated duration of 174 

discontinuation of drugs based on the guidelines of each country or society, but the preoperative and 175 

postoperative discontinuation period among guidelines differ 10–15). In our institutes, the perioperative 176 

discontinuation periods of bDMARDs were based on JCR guidelines except for etanercept, as we reported 177 

previously 16). That report suggested that the discontinuation period of etanercept before surgery could be 178 

<2 weeks based on measurements of the serum concentration of etanercept. Etanercept was withheld in 179 

average 10.2 days, and this duration was shorter than that recommended by the JCR. The duration of 180 

discontinuation of tocilizumab was not referred to in JCR guidelines 12). In our protocol, tocilizumab was 181 

withheld 4 weeks before surgery and was restarted after healing of surgical wounds. Momohara et al. 182 

reported 25). The period from the final infusion of tocilizumab to the surgical procedure was 23.5 days, and 183 

the period from the surgical procedure until reinfusion was 24.8 days 25). Greater vigilance with regard to 184 

infectious complications is need for RA patients being treated by tocilizumab because monitoring of levels 185 

of C-reactive protein is masked due to drug efficacy. We experienced disease flare-up in only 4 patients. 186 
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More than 14 days of discontinuation of etanercept before surgery in the early periods of the present study 187 

was noted in 3 patients. In 1 case with golimumab, postoperative restarting of golimumab treatment was 188 

postponed due to re-operation not related to SSI or DWH (spinal surgery with mal-positioning of a pedicle 189 

screw).    190 

In reports focusing on perioperative complications with bDMARDs, most used TNF inhibitors (infliximab, 191 

etanercept, adalimumab). Two studies focused on tocilizumab 25,26), and one study detailing 8 orthopedic 192 

procedures with abatacept reported a safe 2–3 week treatment-free interval before surgery 36). Our study 193 

included 27 procedures (15% in 196 cases) with bDMARDs other than TNF inhibitors, which remains too 194 

small to render a robust conclusion. More data for newer bDMARDs such as golimumab, certolizumab and 195 

abatacept would be needed. 196 

Our study had several limitations. First, due to the low prevalence of complications associated with surgery, 197 

a larger number of patients would be necessary to detect such complications accurately. Second, our data 198 

were collected retrospectively using the medical records of patients who had undergone surgery. The 199 

activity and severity characteristics such as DAS 28 might be associated with the risk of SSI and DWH, but 200 

the data for DAS 28 was lacking in patients underwent surgery before 2010. As a prospective study 201 

including surgical procedures would be difficult due to ethical concerns, larger multicenter studies under 202 
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the same protocol and definition of SSI and DWH would provide useful information. 203 

204 
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