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Abstract

Purpose of Review—~Patients with autoimmune rheumatic disease are at increased risk of
infection after surgery. The goal of this manuscript is to review current evidence on important
contributors to infection risk in these patients and the optimal management of immunosuppression
in the perioperative setting.

Recent Findings—Recent studies have confirmed that patients with autoimmune rheumatic
disease, including rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE), are at
increased risk of infection after surgery, with most evidence coming from studies of joint
replacement surgery. Immunosuppression, disease activity, comorbidities, demographics, and
surgeon and hospital volume are all important contributors to post-operative infection risk.
Recently published guidelines regarding immunosuppression management before joint
replacement recommend continuing the conventional disease-modifying drugs used to treat RA
(e.g., methotrexate) without interruption, holding more potent conventional therapies for 1 week
unless the underlying disease is severe, and holding biologic therapies for one dosing interval
before surgery. Recent observational data suggests that holding biologics may not have a
substantial impact on infection risk. These data also implicate glucocorticoids as a major
contributor to post-operative infection risk.

Summary—Observational data supports recent recommendations to continue many therapies in
the perioperative period with only short interruptions of biologics and other potent
immunosuppression. Even brief interruptions may not significantly lower risk, although the field
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continues to evolve. Clinicians should also consider other risk factors and should focus on
minimizing glucocorticoids before surgery when possible to limit the risk of post-operative
infection.
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Introduction

Patients with autoimmune rheumatic diseases such as rheumatoid arthritis (RA), systemic
lupus erythematosus (SLE), spondyloarthritis, and other less common autoimmune diseases
are frequently managed with immunosuppressing medications to achieve disease control.
While immunosuppression can improve outcomes and quality of life, many of these
medications also carry a risk of infection.

Infection is of particular concern in patients who are undergoing surgery, because the
perioperative period is a high-risk time for infections. Clinicians are frequently asked to
provide recommendations for perioperative management to minimize the risk of post-
operative infection in these patients. In this review, we will discuss the risk of post-operative
infection in patients with autoimmune disease and important contributors to post-operative
infection risk, recognizing that immunosuppression is not the only, and perhaps not even the
most important, contributor to infection risk. Finally, we will review the current evidence
and recommendations for the management of immunosuppression in the perioperative
period, including recently published guidelines.

Risk of Infection in the Perioperative Period

Rheumatoid arthritis is the most common autoimmune rheumatic disease, affecting
approximately 1% of the general population. Even with improvements in treatments over the
past two decades, orthopedic surgery remains particularly common in RA because of the
potential for joint destruction [1e, 2]. In fact, 3-5% of all joint replacements may occur in
patients with RA [3e¢]. Consequently, much of the data regarding infection risk in the
perioperative period in patients with autoimmune rheumatic disease comes from studies of
joint arthroplasty in patients with RA, with results extrapolated to other populations and
procedures.

While arthroplasty has been studied in the greatest detail, patients with autoimmune diseases
undergo a variety of elective and non-elective surgeries that have varying rates of
complications. It is important to consider the risk of the procedure when considering
perioperative management. In low-risk procedures such as cataract surgery, infection is not
of major concern [4]. In contrast, infection after abdominal surgery may occur in up to 10%
of patients, most commonly wound infections, pneumonia, and urinary infections [5]. The
risk of infection after joint replacement surgery is approximately 3-5%, but the high
morbidity of deep prosthetic infections, occurring in 0.5 to 1% of patients, adds to the
concern with these procedures [6, 7].

Curr Rheumatol Rep. Author manuscript; available in PMC 2020 March 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Baker and George

Page 3

A robust literature has shown that patients with RA are at increased risk of post-operative
infection, at least after orthopedic surgery [7, 8¢, 9-11, 12+, 13, 14, 15¢]. A recent study, for
example, taking advantage of linked Danish patient data, arthroplasty registers, and the
DANBIO biologic registry, evaluated 3913 patients with RA and 120,499 patients with OA
undergoing hip or knee arthroplasty. Rates of prosthetic joint infection were substantially
higher in patients with RA compared to those with OA [1.7 vs. 1.1 per 100 person-years, HR
1.46 (95% CI 1.13-1.88)] [8¢*].

Although there are less data available regarding post-operative outcomes in patients with
SLE, data from smaller studies suggests that these patients may also be at greater risk of
post-operative complications after arthroplasty [15¢, 16-18]. A study of 58 patients with
SLE matched to patients with RA and OA from a single center found that patients with SLE
had the longest length of stay and highest rates of complications after total hip arthroplasty
[16]. Similarly, Schnaser et al. used the Nationwide Inpatient Sample to evaluate inpatient
complications after hip arthroplasty and found that patients with RA and SLE had more
post-operative complications than patients with OA, although infections and other
complications after discharge could not be assessed [15¢]. Patients with SLE may also be at
increased risk of infections and other complications after non-orthopedic major surgery [19e,
20ee, 21, 22]. One large study evaluating 4321 patients with SLE using administrative
inpatient data in Taiwan found increased rates of 30-day mortality (OR 1.71 (95% CI 1.09-
2.67)), pneumonia (OR 1.31 (1.01-1.70)), and septicemia (OR 1.75 (1.38-2.21)) after major
surgery in patients with SLE compared to controls [20ee].

Despite the greater risk of complications, these surgeries can provide tremendous benefit. A
study by Shah et al. of 99 patients with SLE undergoing total hip or knee arthroplasty
(primarily for avascular necrosis or osteoarthritis) found that long-term functional outcomes
were similar to a population of patients with osteoarthritis alone, despite the fact that SLE
patients had substantially greater pre-operative pain [23]. In studies by Goodman et al.,
patients with RA similarly had substantial improvements in pain and function after total
knee replacement and total hip replacement, with 2-year outcomes similar to patients with
OA at least for knee replacement [24, 25].

Contributors to Infection Risk and Management of Risk Factors

While immunosuppression management is important and often a focus of the perioperative
assessment, it is also important to consider other risk factors, which may be at least as
important for post-operative outcomes and in some cases are modifiable (Fig. 1). Many of
these risk factors are not specific to patients with autoimmune disease. Comorbidities,
obesity, age, and a history of previous infections are important contributors to post-operative
infection [10, 12, 26e+, 27, 28]. Frailty and poor physical functioning, commonly observed
in patients with autoimmune disease, are important predictors of post-operative
complications, longer hospital stay, and greater post-operative mortality [29-32]. Control of
diabetes is important, as hemoglobin Alc and pre-operative hyperglycemia have been
associated with outcomes after joint replacement [33+, 34, 35]. Pre-operative anemia is also
associated with both transfusion requirements and adverse post-operative outcomes [19e, 28,
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36¢]. While optimal pre-operative management of anemia is uncertain, it may be helpful to
at least identify easily correctable causes such as iron deficiency.

Disease activity itself may also be an important contributor to post-operative infection risk.
A notable study by Cordtz et al. including almost 4000 patients with RA undergoing hip or
knee arthroplasty found that disease activity as measured by the DAS28 was strongly
associated with the risk of prosthetic joint infection (HR 2.00 (1.28-3.13) per 1 unit increase
in DAS28) [8+]. Additionally, Lin et al. observed a higher risk of infection and mortality
after major surgery in patients with SLE and found that this risk was especially elevated in
patients who had received recent inpatient care for their SLE. This finding presumably
reflects an increased risk in patients with more severe and active disease [20e]. Thus, there
is observational evidence to suggest that optimization of disease control prior to surgery
might improve post-operative outcomes, an important consideration when balancing the
risks and benefits of immunosuppression (Fig. 1).

In addition to considering modifiable patient risk factors for infection, guiding patients to
high-volume surgeons at high-volume centers may also improve outcomes. Both surgeon
and hospital volume are strongly associated with patient outcomes after hip and knee
replacement [6, 37¢]. It may also be important for patients with autoimmune disease to be
treated by surgeons who have experience treating similar patients [3e, 26+]. Ravi et al.
evaluated a cohort of 4762 patients with RA undergoing total knee or hip arthroplasty and
found that greater surgeon volume treating patients with RA, but not overall surgeon
volume, was associated with lower rates of complications, including infection [3e]. Thus, it
is important to encourage patients to have surgery performed by a high-volume surgeon in a
high-volume center and, especially for joint replacement, with a surgeon experienced in
treating patients with autoimmune rheumatic disease. The specific surgical techniques,
materials, and processes associated with outcomes are beyond the scope of this review and
will be determined by the treating surgeon.

Perioperative Management of Immunosuppression

Determining the appropriate management of immunosuppressive therapies in the
perioperative period is of intense interest, given their potential contribution to post-operative
infection. Unfortunately, there are no adequately powered randomized controlled trials that
compare strategies of interrupting vs. continuing immunosuppression before surgery. It is
unlikely that such studies, which would require several thousand patients, will be available
in the near future. A growing body of knowledge from observational studies, however, can
help guide perioperative management of immunosuppression.

A major advance in the perioperative management of patients with immunosuppression has
been the publication of guidelines from the American College of Rheumatology (ACR) in
conjunction with the American Association of Hip and Knee Surgeons (AAHKS), which
provide specific recommendations for the management of immunosuppression in patients
with RA and SLE undergoing elective hip and knee arthroplasty [38e¢]. In the following
sections, we will review studies informing perioperative management of
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immunosuppression, including more recent data published after the ACR/AAHKS
guidelines, and review guideline recommendations (Table 1).

Conventional Synthetic Disease-Modifying Antirheumatic Drugs

Two older, small randomized controlled trials of 64 and 160 patients evaluated the impact of
holding low-dose methotrexate on infection risk after orthopedic surgery in patients with RA
[39, 40]. While these studies were underpowered and patients were treated with lower doses
of methotrexate, one showed no increase in the risk of infections or wound healing, while
the other found that the group that stopped methotrexate both had more flares (8% vs. 0%)
and more complications (15% vs. 2%) after surgery. This information is further bolstered by
data from the non-surgical setting showing that use of methotrexate is not associated with a
substantial increase in serious infections [41]. Similar results from a small trial of
interrupting leflunomide in patients undergoing arthroplasty [42] and safety data regarding
hydroxychloroquine and sulfasalazine [43] have led to recommendations in ACR/AAHKS
guidelines to continue these conventional synthetic disease-modifying antirheumatic drugs
(csDMARDs) without interruption in the perioperative period [38e¢].

Other conventional therapies such as azathioprine, mycophenolate, cyclosporine, and
tacrolimus may be of greater concern for their immunosuppressive effects, but there is
limited data about how these therapies affect post-operative infection risk. A Medicare study
that included 3339 solid organ transplant patients undergoing arthroplasty (often treated with
a combination of these therapies) found that organ transplant patients had a significantly
greater risk of pneumonia, sepsis, and periprosthetic infection compared to controls (2.4%
vs. 1%), although this risk is almost certainly not due solely to immunosuppression use [44].
The risk of these therapies during surgery when used for the treatment of autoimmune
disease remains uncertain. Reflecting this uncertainty, ACR/AAHKS guidelines suggest
continuing therapy in patients with severe SLE (in whom consequences of a disease flare
would be greater) but holding therapy for 1 week before arthroplasty in patients with non-
severe SLE [38e¢]. Cyclophosphamide therapy was not addressed in the guidelines, but this
highly immunosuppressing and short-term treatment is used to treat severe disease and
presumably elective surgery would be strongly discouraged during cyclophosphamide
treatment.

Biologics and Targeted Small Molecules

Tumor necrosis factors inhibitors (TNFi) are known to be associated with an increase in the
risk of serious infections in the non-operative setting and carry a black box warning to this
effect [45]. Risk overall appears similar with non-TNF biologic therapies with small
differences (e.g., lower risk with abatacept or higher risk with tocilizumab) suggested by
some observational studies [46, 47]. Consequently, biologic therapies have been of particular
concern in patients undergoing surgery.

A number of studies, including recent meta-analyses, have shown that patients with RA
treated with biologics are more likely to have a post-operative infection compared to patients
treated with conventional therapies [8ee, 48, 49]. It is not clear, however, to what degree this
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increase in infection risk is due to biologic treatment versus differences in the severity of the
underlying disease. In the recent study by Cordtz et al., for example, patients with RA
treated with a biologic had higher rates of prosthetic joint infection, but also had greater
disease activity and were more likely to receive glucocorticoids [8¢¢]. These inherent
differences between biologic-treated patients and those treated with conventional therapy are
a major challenge to overcome for any observational study seeking to inform how to manage
biologics in the perioperative period.

Some studies have addressed this inherent challenge by comparing patients who stopped
biologic therapy before surgery to those who continued treatment, more directly addressing
the question of how to manage biologic therapy in the perioperative setting. Zahr et al.
studied more than 6000 patients with RA undergoing major surgery, including almost 900
patients treated with a biologic (mostly TNF inhibitors), using Veteran’s Administration
databases [50]. In this study, patients who stopped a biologic before surgery did not have
lower rates of post-operative infection than those who continued treatment, although the
exact timing of treatment in the perioperative period was uncertain, particularly for non-
infusion therapies.

Two of our studies using administrative claims data required that patients be treated with an
infusion therapy, because the date of each infusion is accurately recorded in this data. In a
study of more than 4000 infliximab-treated patients undergoing hip or knee arthroplasty, we
found that the timing of infliximab was not associated with rates of hospitalized infection
within 30 days of surgery or prosthetic joint infection within 1 year [26e¢]. Rates of these
outcomes were similar in patients who received infliximab within 4 weeks of surgery
compared to those who received infliximab 8-12 weeks (at least one dosing interval) prior to
surgery (serious infection OR 0.90 (0.60 to 1.34) and prosthetic joint infection HR 0.98
(0.52, 1.87)). A follow-up study evaluating 1939 patients with RA treated with intravenous
abatacept showed similar results, with no significant difference in the rate of hospitalized
infection or prosthetic joint infection in patients receiving abatacept < 4 weeks before
surgery compared to those receiving abatacept 4-8 weeks (at least one dosing interval)
before surgery OR 0.93 (0.65-1.34) and HR 1.29 (0.62-2.69) [51¢]. A study from a French
abatacept registry also found that abatacept timing was not associated with post-operative
infection among the 263 patients who underwent surgery [52¢].

Preliminary results of our study comparing the risk of different biologics in the perioperative
setting suggest that post-operative risk is similar in patients treated with different biologics
[53], but data regarding the optimal timing of other biologics before surgery is limited.
Studies of tocilizumab-and rituximab-treated patients undergoing surgery, for example, are
too small to fully evaluate the impacts of timing on outcomes [54, 55]. Data to guide
perioperative management in non-orthopedic surgery is also limited. One study of 311
patients with inflammatory bowel disease treated with infliximab found that infliximab level
> 3 pug/mL was associated with greater risk of infection after abdominal surgery, although
the timing of infliximab was not reported [56¢]. A separate study of 193 patients with
inflammatory bowel disease receiving a biologic (mostly infliximab) undergoing abdominal
surgery found no association between biologic timing and post-operative infection [57].
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ACR/AAHKS guidelines currently recommend that biologics be held for one dosing interval
and that the targeted small molecule tofacitinib be held for 1 week prior to joint replacement,
and that these therapies be resumed 14 days after surgery as long as the site is healing well
and there are no signs of infection [38e]. Although evidence is lacking that holding
biologics or targeted small molecules has a substantial impact on reducing the risk of post-
operative infection, the guideline panel (including patient representatives) recognized the
known risk of these therapies in the non-operative setting and prioritized the prevention of
infection over the risk of disease flare given the high morbidity with infection, especially
prosthetic infection after joint replacement [38e¢, 58].

Glucocorticoids

Glucocorticoids have consistently been found to be associated with the risk of post-operative
infection in patients with RA [8ee, 12¢, 26, 59-61], SLE [19¢, 20+¢], and inflammatory
bowel disease undergoing surgery [62, 63]. Our study of infliximab-treated patients
undergoing arthroplasty and preliminary results from a study of more than 7000 patients
with RA receiving a biologic before hip or knee arthroplasty showed that patients receiving
> 10 mg/day of prednisone in the 3 months before surgery had approximately twice the risk
of post-operative infection as patients not receiving glucocorticoids [26ee, 53].

A strong direct effect of glucocorticoids on post-operative infection risk is supported by data
from the non-operative setting; in studies of RA, chronic glucocorticoid use at doses > 10
mg/day is associated with a doubling in the risk of serious infection [43, 64, 65]. While
patients receiving glucocorticoids may have more severe or active disease, the consistency
and strength of the association suggests a causal relationship as opposed to confounding by
indication. This risk with glucocorticoids, notably, is substantially higher than the risk
associated with biologic therapies.

ACR/AAHKS guidelines recommend avoiding elective surgery in patients receiving > 20
mg/day of prednisone [38+¢]. As noted above, however, infection risk may be substantially
increased at doses of 10-20 mg and perhaps even at lower doses.

Summary for Management of Immunosuppression in the Perioperative

Period

Managing perioperative immunosuppression is inherently a balance between the potential
benefits of treatment interruptions and the risk of disease flares. As the ACR/AAHKS
guidelines emphasize, prevention of infection is of the utmost importance, particularly in
high-risk surgeries and in surgeries involving prosthetic material. Disease flares themselves,
however, may contribute to adverse post-operative outcomes, and the glucocorticoids often
used to treat disease flares may be the strongest contributors to post-operative infection risk.

With these principles in mind, methotrexate, leflunomide, hydroxychloroquine, and
sulfasalazine should be continued without interruption, as they do not have a substantial
impact on post-operative infection risk and their interruption can lead to flares. More potent
immunosuppressants such as azathioprine, mycophenolate mofetil, cyclosporine, and
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tacrolimus can be held for 1 week before surgeries carrying significant infection risk if the
underlying disease is not severe (meaning the risk of a severe flare with treatment
interruption is low) but should be continued in patients in whom interruption poses a more
severe risk.

It seems unlikely that interruption of biologic therapy has a strong impact on post-operative
infection risk, but the available data is all observational. ACR/AAHKS recommendations to
stop for one dosing interval and restart 14 days after surgery are reasonable for many
patients undergoing major surgery given this uncertainty. Fortunately, treatment interruptions
are relatively short with this approach. In surgeries with a low risk of serious infections,
however, or in patients considered to be at higher risk of flares with treatment interruption
(especially if glucocorticoids will be required), continuing treatment in the perioperative
period may be preferred.

We believe that limiting glucocorticoid exposure in the months before elective surgery,
where possible, is likely to have a stronger impact on outcomes than interruptions of other
immunosuppression. Since glucocorticoids cannot be abruptly stopped, reductions in use
need to be anticipated and planned over the months leading up to elective surgery.

In patients who require urgent or emergent surgery, optimization may not be possible; these
patients should be carefully monitored post-operatively, recognizing that they are at
increased risk of post-operative infections and that decisions need to be made regarding
when to restart therapies (particularly biologics).

Conclusion

In patients with autoimmune rheumatic disease planning elective surgery, the treating
physician plays an important role in minimizing post-operative risk of infection. Preventing
infections in these patients requires not only considering the patient’s immunosuppressive
therapy (especially glucocorticoids), but also optimizing disease control, managing
comorbidities, and encouraging patients to see a surgeon that performs a high volume of the
procedure at a high-volume center (Fig. 1).
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Post-
Operative
Infection
Risk

Contributors to post-operative infection risk in patients with autoimmune rheumatic disease.
Both the disease activity and the immunosuppression used to treat the disease (conventional
therapies, biologic/targeted therapies, and especially glucocorticoids) are contributors to
post-operative infection risk and are interconnected. Comorbidities (some of which can be
affected by the underlying autoimmune disease), demographics, and surgeon and hospital
volume are also important contributors to post-operative infection risk and are important to
consider when evaluating a patient planning surgery. DMARDs, disease-modifying

antirheumatic drugs
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