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Abstract:

Importance: Biologic disease modifying anti-rheumatic drugs (-DMARDS) are effective in
treating inflammatory diseases, with increasing use over the past decade. These patients are at
an increased risk of surgical site infection (SSI) when undergoing surgical procedures. The
severe consequences of infection in orthopaedic surgeries has led to the practice of
withholding bDMARDs peri-operatively. However, there is no definitive evidence showing a
clear benefit of stopping bDMARDSs, and in doing so patients may be at an increased risk of

higher disease activity.

Objective: To compare the risk of infection, delayed wound healing, and disease flares
associated with continuing or stopping bDMARD:s in patients undergoing orthopaedic

procedures.

Data Sources: We performed a systematic literature search of MEDLINE, EMBASE, and
CENTRAL databases for studies comparing, continuing, or withholding bDMARDs in

patients undergoing orthopaedic procedures.

Study Selection: Inclusion criteria were established following the PICO approach:
Population: Patients on bDMARDs undergoing orthopaedic surgery. Intervention:
Withholding bDMARDs. Comparator: Continuing bDMARDs. Outcomes: The outcomes

were SSI, delayed wound healing, and disease flares.

Data Extraction and Synthesis: Titles and abstracts were screened prior to full text review.
Overall Odds Ratio (OR) and associated 95% confidence intervals (CI) for pooled effects

were calculated.

Results: 11 studies met the inclusion criteria; providing data from 2385 patients who
continued and 4959 who stopped their bDMARDs peri-operatively. Continuing bDMARDs

was associated with a significant lower risk of disease flares (OR=0.22, 95%CI 0.05-0.95,
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p=0.04), and non-significant increases in SSIs (OR=1.11, 95%CI 0.82-1.49, p=0.49) and

wound complications (2.16, 95%CI 0.48-9.85, p=0.32).

Conclusions & Relevance: This meta-analysis highlights the limited evidence supporting the
current practice of stopping bDMARDs peri-operatively. Our study suggests that patients may
not be at an increased risk of developing infection or wound complications if bDMARDs are
continued but are possibly at an increased risk of disease flare if bDMARDs are stopped.
However, our conclusions are limited by the retrospective and heterogenous nature of the

data, and possibly lack of study power.
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Introduction:

Inflammatory rheumatic diseases are common systemic autoimmune conditions with
rheumatoid arthritis (RA) prevalent in 0.5—1% and psoriatic arthritis (PsA) in 0.16%. of the
general population(1,2). Over 400,000 people in the UK have RA, and in North America
seven million people are affected, often with significant impact on quality of life(3).
Conventional synthetic Disease Modifying Anti-Rheumatic Drugs (cDMARDs) such as
methotrexate (MTX) and biologics ((DMARDs) such as tumor necrosis factor inhibitors
(TNFi) are effective, well-established treatments for rheumatic diseases, which have
dramatically improved outcomes. The use of bDMARD:s is increasing, with up to 44% of RA

patients undergoing joint arthroplasty taking bDMARD:s at the time of surgery(4—6).

Patients with inflammatory arthropathies (IAs) are often more likely to undergo orthopaedic
procedures, as these diseases are characterised by structural damage to joints and tissues(7,8).
Although bDMARD:s slow clinical and radiographic disease progression, they are associated
with an increased risk of infection. Ito et al.(9) undertook a meta-analysis and found a slightly
increased relative risk of surgical site infections in patients taking bDMARDs, but no
increased risk of delayed wound healing after orthopaedic surgery. Overall, RA patients are at

a 50%-80% greater risk of prosthetic joint infection than those with osteoarthritis(10-13).

Given the severe ramifications and difficulties in treating infections, the optimum
management of bDMARDs during the perioperative period continues to be explored. Current
guidelines advise clinicians to withhold bDMARDs pre-operatively(14,15). This introduces
the potential risk of precipitating poor disease control (flare) with significant impact on the

patient’s overall well-being and quality-of-life. The trade-off between an increased risk of
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infection while remaining on medication against the risk of suffering a flare with associated
complications, can be challenging and requires collaboration between surgeons,
rheumatologists, and patients. Flares are common among patients with RA and can be
precipitated by medication withdrawal (16,17). Over 60% of patients with RA undergoing an

arthroplasty have been shown to experience a flare(16).

To date, there is no clear evidence of whether/when to stop (and restart) bDMARDs during
the peri-operative period with studies concluding that bDMARDs could be safely
continued(18,19,20) and others reporting an increased risk of infection with continued
use(21,22). Meta analysis(25) comparing patients continuing or withholding bDMARDs
during the peri-operative period found a reduced risk of infection when stopping bDMARDs.
This analysis was limited to data obtained from three studies. Further studies have been

published since (20,26-31).

Previous studies have established an increased risk of infection in patients on bDMARDs
compared to patients not on bDMARDs. The aim of this systematic review and meta-analysis,
in contrast, was to compare the risk of surgical site infection (SSI), delayed wound healing,
and disease flares in patients on bDMARDS who either continued or stopped taking them

prior to undergoing orthopaedic surgery.
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Methods:

Systematic review

The protocol for this review was created based on the PRISMA and AMSTAR 2
guidelines(32,33). MEDLINE, EMBASE, and CENTRAL databases were searched up to
April 2021 to identify articles reporting the peri-operative use of bDMARD:s in the context of

orthopaedic surgery. The search strategies are outlined in Appendix A.

Inclusion criteria were established adhering to the PICO (Population Intervention Comparison

Outcomes) approach:

e Population: Patients on bDMARDs undergoing orthopaedic surgery (mixed studies
with >75% orthopaedic procedures considered eligible where orthopaedic procedures
could not be separated).

e Intervention: Withholding bDMARDs during the peri-operative period

e Comparator: Continuing bDMARDs during the peri-operative period

e Outcomes: SSI (deep & superficial), delayed wound healing, and disease flare .

Only articles published in English were included. Titles and abstracts were screened for
relevance prior to full full-text inspection by two independent investigators. Data were
extracted using a standardised form. A third investigator was consulted regarding any
discrepancies. The following data were recorded where available: a) Demographics:
population studied, age, gender, procedure types b) Study design, country of origin, definition
of infection, types and timing of bDMARDs stopping and restarting ¢) number of patients,

infections, wound complications, and flares.

Analysis
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The extracted data were analysed using Review Manager version 5.3 (Cochrane, London,
UK). Results from individual studies were pooled using the Mantel-Haenzel method. A fixed-
effects approach was used when the I value was less than 25%; else a random-effects

approach was employed.

Assessment of methodological quality & risk of bias

Individual study quality for the included studies was assessed using Newcastle-Ottawa Scale
(NOS). Publication bias was assessed using a funnel plot. The overall quality of the evidence
in the meta-analyses was assessed using the Grading of Recommendations, Assessment,
Development and Evaluation (GRADE) system(34). Recommendations were classified as
either High, Moderate, Low, or Very Low (High = very confident that the effect in the study
reflects the actual effect, Moderate = quite confident that the effect in the study is close to the
true effect, but it is also possible it is substantially different, Low = the true effect may differ
significantly from the estimate, Very Low = the true effect is likely to differ significantly
from the estimate). This approach involved grading the evidence based on the following

criteria:

(1) Study Design: Randomised trial=high, Observational stud=low, Any other
evidence=very low

(2) Study Quality: Based on NOS scores.

(3) Inconsistency: Inconsistency of results assessment based on I value (downgraded if I?
> 25% indicating high heterogeneity)

(4) Indirectness

(5) Imprecision: Imprecision of results (downgrade applied if 95%CI did not exclude

baseline)
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(6) Publication bias: Funnel plot analysis.

Source of Funding

No external funding source played a role in this investigation or preparation of this

manuscript.
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Results:

Included studies:

Eleven studies included data sets that met the criteria for inclusion (26-28,35—42). The
PRISMA flowchart is shown in figure_1. Of these studies only a subset of the published

cohorts met the inclusion criteria in six studies (26,35-38, 41).

Study Characteristics

No relevant RCTs were identified. All included studies were retrospective cohort studies,
published between 2005 and 2020. Data of post-operative infection was available for all
studies, wound complications (delayed healing, dehiscence) reported in three
studies(27,28,37), and disease flares in four (26,40-42). However, data from one of the

studies reporting flares could not be included in meta-analysis(26) due to insufficient data.

Patient Characteristics

7,344 patients (2385 continuing bDMARDs; 4959 stopping bDMARDs) were included
(Table_1I). The most common underlying diagnosis related to the use of bDMARDS was RA;
other diagnoses included were PsA, psoriasis, juvenile arthritis, ankylosing spondylitis, and
inflammatory bowel disease. TNF inhibitors were the most used bDMARDs although other

modes of action including abatacept, rituximab, and ustekinumab were also included.

SSI:
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There was an SSI in 3.06% (73/2385) of patients who continued their bDMARDS and 2.80%
(139/4959) in those who had them withheld. The pooled OR for SSI was 1.11 (95%CI: 0.82-

1.49) in favour of withholding bDMARDs, which was not significant (p=0.49) (figure_2).

Delayed wound healing:

There was delayed wound healing in 2.28% (19/833) of patients who continued their
bDMARDS and 0.99% (13/1317) in those who had them withheld. The pooled OR for
delayed wound healing was 2.16 (95%CI: 0.48-9.85) in favour of withholding bDMARDs,

which was not significant (p=0.32) (figure_3).

Disease flares:

There was a flare in 7.32% (3/41) of patients who continued their bDMARDS and 25.71%
(9/35) in those who had them withheld. The pooled odds ratio showed a significant decrease

in disease flares when continuing bDMARDs: OR 0.22 (95%CI: 0.5-10.95) (p=0.04)

(figure_4).

Arthroplasty

There was an SSIin 2.38% (46/1932) of arthroplasty patients who continued their
bDMARDS and 2.32% (101/4345) in those who had them withheld. There was no significant
difference in SSI noted when continuing or withholding bDMARDs in arthroplasty cases OR

1.01 [95%CI: 0.71-1.45] (p=0.95) (Figure_5).
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Assessment of methodological quality & risk of bias:

All included studies were level IV evidence on the OCEBM scale. There was a wide variation
in the quality of the studies(7Table_2). A funnel plot representing the size of trials plotted
against the effect size (Figure_6) showed an even spread confirming low risk of publication
bias. GRADE analysis found the quality of evidence to be Very Low or Low for all analyses
indicating a possibility that the true effect may differ significantly from the estimates

presented.
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Discussion:

The present meta-analysis is the first to comprehensively investigate the effect of withholding
or continuing bDMARDs peri-operatively across inflammatory diseases in patients
undergoing orthopaedic surgery. Our analysis did not demonstrate a significant difference in
the risk of SSI in patients who continued vs stopped their bDMARDs during the peri-
operative period as far as risk of infection or delayed wound healing was concerned in
patients undergoing planned orthopaedic procedures. Conversely, there was a significant
increase in disease flares when bDMARDs were withheld. It is important to note that the

quality of studies identified was generally low.

DMARD:s, both conventional and biological, aim to achieve disease remission or sustained
low disease activity in patients with inflammatory disease. These patients are already at a
higher risk of infection when undergoing surgery, which may further increase with the use of
bDMARD:s as they affect the host immune response. Previously, two meta-analyses have
looked at the risks of SSI in patients on bDMARDs undergoing orthopaedic procedures.
Goodman et al.(4) included studies of RA patients undergoing elective orthopaedic surgery,
comparing 3681 patients with recent exposure (within 3 months of surgery) to TNFis (TNFi+)
and 4310 with no recent exposure to TNFis (TNFi-) at the time of surgery. The TNFi+ group
had higher risk of developing SSI compared with patients in the TNFi- group (OR 2.47,
95%CI 1.66-3.68, P < 0.0001). However, these cases are not comparable, as those requiring
TNFi therapy likely have more severe disease, which is another known risk factor for
infection (23,24). Ito et al.(9) also looked at RA patients undergoing elective orthopaedic
surgery, showing a higher relative risk of SSI in patients using b(DMARDs (OR 2.03, 95%CI
of 1.40-2.96). Ito et al.(9) also looked at delayed wound healing, and found that use of

bDMARD:s does not increase the risk of delayed wound healing.



262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

It is recognised that withholding bDMARDs can lead to an increased risk of disease flare
which is characterised by pain and fatigue. Flare compromises patient rehabilitation following
arthroplasty surgery. In addition, patients suffering from a flare commonly require
corticosteroids, introducing an additional infection risk(1,43). It is therefore important to
balance the risk of flares with the risk of infection if bDMARDs are continued in the

perioperative period.

Current guidelines from the American College of Rheumatology (ACR) and American
Association of Hip and Knee Surgeons (AAHKS) published in 2017 and The British Society
for Rheumatology (BSR) published in 2019, advise clinicians to temporarily withhold
biologic agents during the peri-operative period(14,15). The AAHKS guidelines (15)
highlight that published evidence is of low quality and there is no clear evidence, in the form
of a RCT, as to whether, or when, to stop bDMARDs. The evidence base used was in part
extrapolated from non-surgical RCTs as well as input from a patient panel who strongly felt
that the risk of infection outweighed the risk of flare. Since publication of the guidance,
George et al. have published on large cohorts looking at the risk of infection associated with
infliximab and abtacept when undergoing arthroplasty and concluded that withholding the
drugs prior to surgery was not associated with an increased risk thus challenging this

views(27,28).

Clay et al.(25) published the only meta-analysis to date comparing withholding to continuing
bDMARDs prior to orthopaedic surgery. They looked at post-operative complications, SSI
rate, and flares, comparing 1383 patients that withheld TNFi with 1360 patients continuing

TNFi. They showed an increased risk of SSI in patients continuing TNF inhibitors (Risk Ratio
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0.62, 95%CI 0.43-0.89). They also noted a significantly higher rate of disease flares in
patients discontinuing TNFi (Risk Ratio 5.02, 95%CI 1.06-23.75). Our meta-analysis showed
different results to those reported by Clay et al.(25) in that no significant difference in SSI
was shown. We have included an additional six studies published in the intervening period of
which the inclusion of the papers by George et al.(27,28) added a large number of patients
comparing similar cohorts with clear bDMARD stop timing strengthening the current
analysis. In addition, we only included the subset of patients in the study by Berthold et
al.(35) who were actually on bDMARDs. We also excluded the data by Pettersson et al.(44)
as this data was collected from the same institution over the same time period as that

published by Berthold et al.(35) and as such we felt that this was duplicated data.

We identified four papers also reporting the impact of withholding bDMARDs on disease
activity; three were included in the meta-analysis as flares attributed to orthopaedic
procedures could not be inferred from the remaining paper(26). The included papers were
small, low quality studies (40-42). The excluded paper, Bakkour et al.(26), reported on 42
patients with psoriasis and PSA undergoing various surgical procedures and found a
significant increase risk of disease related flare in those withholding bDMARDs (40% vs
8.7%, p=0.003). More recently, Goodman et al.(16) recruited RA patients prior to arthroplasty
surgery, and evaluated RA clinical characteristics O to 2 weeks before and 6 weeks after
surgery. 120 patients were included in the final analysis, 51% of the cohort were on
bDMARDS, all of whom had bDMARD:s stopped and methotrexate (MTX) / glucocorticoid
(GC) continued peri-operatively. 63% reported flares, of whom a higher percentage were
treated with biologics (57% vs 42%, P=0.14). There was no difference in MTX or GC use on
day of surgery between flares and non-flares. They also noted that patients with the highest

risk of flare had higher disease activity at baseline. The authors concluded that although a
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higher number of patients that discontinued medication flared, this was not an independent

risk factor and therefore medication withdrawal was not associated with flares. However, this

study was not designed to compare bDMARD continuation and discontinuation.

The current meta-analysis has certain limitations:

The studies reviewed were observational, retrospective cohort studies in the absence
of relevant RCTs. Many had a small sample size and only a small number reported
delayed wound healing and flares.

The definitions of infection as well as flares varied between studies, or were not
provided, which may account for the differences in rates observed (Table_3).

There was wide variation in the times that bDMARDs were withheld (Table_1). It is
possible that this will hide significant risks in those patients who had their drugs
stopped for a shorter period.

Differences in dosages were not considered in this study on account of the data being
too sporadic to achieve this. Differing risk profiles associated with higher/lower doses
cannot be excluded.

Not all the studies provided details of the concomitant use of cDMARDs and the
confounding risk they may have for infection. Three studies did not discuss
concomitant use of cDMARDs at all, so it is unclear as to whether this was included in
the analysis of bDMARDSs outcomes(37,41,42). Wendling et al.(40) reported how
many patients were taking cDMARDs (MTX and GC), but did not mention whether
this was taken into account in the analysis of bDMARDs outcomes. Scherrer et al.(36)
did not define the cDMARDs prescribed and did not adjust for their co-founding
effects, including them within the TNF outcomes. Others did not name the cDMARDs

but adjusted for their cofounding effects in the analysis(26,27) whereas some authors
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did record concomitant cDMARDs and adjusted for them in their analysis(35,38,39).
The effect size of infection risk attributed to bDMARDs exposure may well have been
over or underestimated owing to the concomitant cDMARDs use not being

considered.

In conclusion, this meta-analysis did not demonstrate a significant increase in SSI or delayed
wound healing in patients with a range of inflammatory conditions who continued bDMARDs
peri-operatively. A significant increase in disease flares was noted in patients who had their
bDMARDs withheld. Despite capturing data on a large number of patients, we remain
cautious regarding the reliability of these data owing to the variable quality of the available
studies and lack of randomised control trials. Furthermore, to our knowledge, there are no
registered randomized control trials in progress which address this important question. The
risk of developing a SSI when continuing bDMARDs peri-operatively should be weighed up
against the risk of provoking a disease flare, which may subsequently require corticosteroids
(with potential side effects including infection risk) and limit patient rehabilitation. RCTs are

required to provide definitive answers in this important area.
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Figure 3: Forest plot representing the odds ratio of delayed wound healing between patients
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Figure 5: Forest plot representing the odds ratio of post-operative infections between

patients who underwent hip & knee arthroplasty whilst continuing or stopping bDMARD:s
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514  Figure 6: Funnel plot for SSI meta-analysis giving a graphical representation of a likely low

515  risk of publication bias.



