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Patterns and Associated Risk of Perioperative Use of
Anti-Tumor Necrosis Factor in Patients with
Rheumatoid Arthritis Undergoing Total Knee
Replacement
Beverly K. Johnson, Susan M. Goodman, Michael M. Alexiades, Mark P. Figgie, 
Ryan T. Demmer, and Lisa A. Mandl

ABSTRACT. Objective. The patterns and risks of perioperative use of anti-tumor necrosis factor (anti-TNF)
medication in patients with rheumatoid arthritis (RA) are not well studied. We examined the patterns
of perioperative anti-TNF use and risk of postoperative adverse events (AE) in patients undergoing
total knee replacement (TKR).
Method. Retrospective cohort study with followup. RA cases within a TKR registry were identified
by ICD-9 code (714.0) or self-report. Mailed questionnaires queried anti-TNF use and duration of
RA. AE were determined by chart review and patient self-report, and included surgical site infection,
pulmonary embolus, deep venous thrombosis, pneumonia, and any infection or re-operation within
6 months.
Results. There were 268 TKR cases with RA. The stop time for anti-TNF preoperatively correlated
with dosing schedule; restart time was after wound healing. There were 7 surgical site infections
(3%), one (0.4%) of which was a deep joint infection in bilateral TKA requiring explant. The
anti-TNF group had 3.26% (3/92) local site infection versus 2.10% (3/143) in the group without
anti-TNF and this difference was not statistically significant (Fisher exact test, p = 0.68). The one
deep joint infection was in the anti-TNF group. Six-month AE rate was 7.61% in the anti-TNF group
versus 6.99% in the group without anti-TNF (Fisher exact test, p = 1.0). 
Conclusion. There was a low risk of infection and perioperative adverse events in patients with RA
receiving anti-TNF therapy who were undergoing TKR. This raises the question whether it is
necessary to stop anti-TNF for a long period prior to surgery. Given the possible risks associated
with stopping anti-TNF, including worsening of disease, further study is needed to determine
optimal perioperative use of anti-TNF among patients with RA undergoing TKR. (First Release
April 1 2013; J Rheumatol 2013;40:617–23; doi:10.3899/jrheum.121171)
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Rheumatoid arthritis (RA) is an autoimmune inflammatory
disorder that when uncontrolled can lead to joint destruction
warranting total joint replacement. Anti-tumor necrosis
factor (anti-TNF) medications developed in the 1990s are

extremely effective in treating RA and have greatly
increased the quality of life for patients1. However, the use
of these immune-modulating medications around the time of
joint replacement surgery is controversial. Given that
anti-TNF medications suppress the immune system, it has
been hypothesized that their use around time of surgery
could increase postoperative infection rates, although
stopping anti-TNF therapy could increase rates of RA flare.
Recent studies have not clarified whether anti-TNF use

truly increases the rate of infection leading to hospitalization
or other medical care2,3,4,5,6,7,8,9,10,11. Part of the problem in
analyzing this question is that deep joint infection and
surgical site infection are relatively rare events, making it
difficult to make meaningful comparisons between
treatment groups. The rate of postoperative infection is
estimated at 1%–2% in the general population and this rate
is 2–4 times higher in patients with RA without adjustment
for concurrent medication use12. We evaluated a composite
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outcome consisting of multiple adverse events (AE),
including pneumonia (PNA), deep venous thrombosis
(DVT), and pulmonary embolism (PE), which are posited to
be associated with anti-TNF use13,14,15.
Current physician practice is to stop anti-TNF medica-

tions prior to joint replacement surgery, as recommended by
numerous international guidelines10,16,17,18,19. However,
there are no strong clinical data to support this practice.
National rheumatologic societies differ in their guide-

lines for perioperative anti-TNF medication management.
For example, the American College of Rheumatology
(ACR) recommends stopping anti-TNF therapy 1 week prior
to surgery and restarting 1 week after surgery, whereas in
Britain the recommendation is to stop 3–5 half-lives pre-
operatively and to restart after wound healing. In Japan the
recommendation is to stop 2–4 weeks prior to surgery and
then to restart after wound healing in 10–14 days10,16,17,18,19.
These disparate strategies lack evidence-based studies to
support them. To date only 12 studies have examined the
perioperative safety of anti-TNF medications for orthopedic
surgeries. All but 1 of the 12 studies were entirely 
retrospective10,12,13,20,21,22,23,24,25,26,27.
We examined the perioperative patterns of anti-TNF

medication use in patients with RA undergoing total knee
replacement (TKR) at a specialty musculoskeletal hospital
that performed over 4600 TKR in 2011. We chose TKR to
ensure a homogenous cohort undergoing the same surgical
procedure. In addition, TKR is the joint most commonly
replaced in patients with RA, and at least 1 study found that
it had a higher rate of infection than total hip replacement28.
The reasoning in using TKR was that the higher rate of
infection would increase the ability to ascertain a difference
in infection between the groups. Specific goals were to
document the timing of use of anti-TNF medication peri-
operatively in patients with RA undergoing TKR, and to
examine whether the rate of adverse postsurgical events was
increased in anti-TNF users versus those not using anti-TNF
medication. 

MATERIALS AND METHODS
Patient identification. Patients over 18 years of age with RA or juvenile
idiopathic arthritis (JIA) enrolled in our institution’s knee replacement
registry between May 1, 2007, and February 29, 2011, were eligible for our
study. Institutional review board approval was received and informed
consent was obtained per protocol.
RA case definition. Perioperative documentation of potential cases was
reviewed by a study rheumatologist (BKJ) based on self-report of RA or
International Classification of Diseases code 714.0. The diagnosis of RA
was validated if a treating rheumatologist documented that the patient had
RA or JIA, or if an internist documented RA/JIA and the patient was taking
disease-modifying drugs (DMARD). All uncertain diagnoses were
reviewed by 2 additional rheumatologists (SMG, LAM) and agreement
reached by consensus. 

Both primary and revision TKR were included. Bilateral TKR
performed on the same day were counted as 1 procedure. Any revision
surgery within 6 months after the initial surgery was counted as a compli-
cation of the original case, rather than as a separate new case. Baseline data

for all patients in the registry include the Western Ontario and McMaster
Universities Arthritis Index (WOMAC), Medical Outcomes Study Short
Form-36 (SF-36), EuroQol (EQ-5D), and the Elixhauser comorbidity
score29,30. The Elixhauser comorbidity index assigns points to comorbid
conditions to predict in-hospital mortality. Recent literature has shown the
Elixhauser outperforms other indices, and we chose it as our measure of
comorbidity31,32,33,34. 

Six-month postoperative AE included surgical site infection (SSI) as
defined by the US Centers for Disease Control (CDC), PE as evidenced by
computed tomography angiogram, DVT by venous Doppler scan or
angiogram, PNA by standard chest radiograph, and any revision surgery
within 6 months. Specifically, SSI was defined by the CDC 1992 guide-
lines: (1) purulent discharge from a surgical site; (2) a positive culture; (3)
a surgical site that requires reopening; or (4) SSI is present as determined
by the treating surgeon31. AE were evaluated together as a composite
endpoint. All self-reported AE were verified by chart review or telephone
interview.

In addition, cases were sent a specific RA survey for this study, either
by postal mail or e-mail. This survey included questions about duration of
and severity of RA, as well as patterns of perioperative anti-TNF
medication use. Patient charts were reviewed to confirm self-reported use
and timing of all anti-TNF medication. Other RA-specific medication use
was also recorded including prednisone use, perioperative “stress-dose”
steroids (supraphysiologic doses given peri- and postoperatively), other
DMARD, and non-TNF biologic medications. While there was no uniform
dosing of stress-dose steroids at our institution, the most common dosing is
a 3-day course of hydrocortisone: Day 1, 100 mg intravenous (IV) q8h × 3;
Day 2, 50 mg IV q8h × 3; and Day 3, 25 mg IV q8h × 3.

Much has been written about the clinical pharmacokinetics of anti-TNF
and how the chemical half-lives of anti-TNF do not necessarily reflect the
“therapeutic window” during which the drug is effective in treating the
disease35,36. For example, infliximab has a half-life of 8 days, but dosing is
IV every 4 to 8 weeks, whereas adalimumab has a half-life of 14 days,
which does correlate with every other week of subcutaneous (SC) dosing;
this has been attributed to the difference in the route of administration for
infliximab being IV and adalimumab being SC36. The actual therapeutic
dosing regimen was used in the analysis instead of the pharmacological
half-lives, as optimal dosing regimens take into account the biologic effec-
tiveness of the drugs and bioavailability in the body and not just the
chemical half-lives. The dosing regimen was the supplier’s recommended
therapeutic dosing; for etanercept it was 1 week, for adalimumab it was 2
weeks, for golimumab 4 weeks, and for infliximab 6 weeks based on the
dosing ranges of 4 to 8 weeks. For this study we defined an anti-TNF user
as someone who had used anti-TNF within 6 months of surgery, as this was
the timeframe within which we were looking for adverse postsurgical
events.

All analyses were conducted using SAS software, version 9.2 (SAS
Institute). Demographic data were analyzed using t tests or chi-square
statistics, as appropriate. To further evaluate adverse outcomes, sensitivity
analysis was performed using Fisher’s exact test to analyze the effect of (1)
excluding patients receiving prednisone, (2) excluding patients receiving
rituximab and abatacept, and (3) looking at all infections as the primary
outcome. 

RESULTS
RA case confirmation. In total, 1131 potential patient cases
were identified and reviewed to confirm the diagnosis; 268
cases representing 248 (23.7%) individual patients met RA
criteria for this study (Figure 1). 
Demographic information. Anti-TNF medications were
used by 39% of patients; the anti-TNF and non-anti-TNF
groups were largely similar. Baseline demographic data
were examined to look for potential confounders such as
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sex, ethnicity, and education level. We also had proxies for
RA severity such as measures of functional performance and
health-related quality of life including the WOMAC,
EuroQol, SF-36, Elixhauser comorbidity scores, duration of
RA, and the visual analog scale (VAS) score for pain (Table
1). Only age was statistically significantly different between
the groups, the non-anti-TNF group being older (64.4 vs
58.7 yrs; p < 0.0001). However, we did not believe an age
difference of about 5 years was clinically significant enough
to warrant stratifying the analysis based on age. Overall use
of nonbiologic DMARD between the anti-TNF and

non-anti-TNF group was not statistically significantly
different (p = 0.33). Among specific nonbiologic DMARD
only plaquenil use was significantly different between
groups, with those receiving  anti-TNF medication being
less likely to use plaquenil (8.7% vs 20.7%; p = 0.009).
Timing of anti-TNF use. Of the 268 cases, there were 104
cases using anti-TNF for which start and stop times were
documented; the other 164 were not using anti-TNF. Data
showed that 87% (90/104) of patient charts indicated that
anti-TNF medication should be stopped prior to surgery.
The remaining 13% (14/104) did not make a recommen-
dation; no chart documented that anti-TNF medication
should be continued throughout the surgery. Specific stop
times were documented in 71/104 (68%) cases and restart
times were listed in 23/104 (22%) cases. Mean stop and
restart times of anti-TNF medications are shown in Table 2.
Stop times appeared to be based on the drug-specific dosing
schedule, although infliximab was stopped a relatively
shorter period of time preoperatively than the other
anti-TNF medications. The time to restarting medications
was uniformly 2–4 weeks, regardless of anti-TNF type,
which roughly correlates with the time for wound healing.
Adverse event data. In total, 233 (87%) cases had 6-month
postoperative AE data. The overall AE rate was 7.3%
(17/233). Of these, 10 (4.3%) AE met the CDC definition
for infection. There were 7 (3%) SSI, only 1 (0.4%) of
which was a deep joint infection in bilateral TKA in which
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Figure 1. Case identification; 268 cases representing 248 individual
patients met rheumatoid arthritis (RA) criteria for this study. ICD-9:
International Classification of Diseases, 9th ed.

Table 1. Demographic characteristics and rheumatoid arthritis (RA) history of users of anti-tumor necrosis factor
(anti-TNF) medications and nonusers.

Characteristic Anti-TNF Use, No Anti-TNF Use, T test or Chi-square
n = 104 cases n = 164 cases p

Age, yrs, mean ± SD 58.7 ± 12.4 64.4 ± 10.5 < 0.0001
Sex female, % 84 90 0.15
Body mass index, mean ± SD 28.7 ± 6.3 28.3 ± 6.3 0.64
RA flare rate, % 26 (n = 77) 20 (n = 121) 0.31
VAS pain score 6+ mo postsurgery 34.8 ± 27.7 40.1 ± 27.1 0.16
on survey

Prednisone use, % 27 37 0.10
Prednisone dose at time of surgery, mg, 7 ± 3.3 7.5 ± 4.8 0.59
mean ± SD

Perioperative stress dose steroid use, % 26 26 0.73
Duration of RA reported at time of 21.5 ± 16.3 19.5 ± 12.4 0.32
survey, yrs, mean ± SD

Elixhauser comorbidity score*, mean ± SD 2.1 ± 1.3 2.2 ± 1.4 0.37
Nonbiologic DMARD use, % 64 (n = 67) 70 (n = 115) 0.33
WOMAC function score, range 0–100, 43.6 ± 20.3 43.7 ± 18.61 0.96
mean ± SD, n = 179

Euroqol (EQ-5D), range –1 to 1, 0.58 ± 0.21 0.58 ± 0.20 0.95
mean ± SD (n = 214)

SF-36 function score, mean ± SD (n = 208) 29.2 ± 7.3 29.1 ± 8.2 0.92

* Elixhauser comorbidity score estimates probability of death in hospital based on comorbid diseases; higher
scores indicate greater burden of comorbid diseases. VAS: visual analog scale; WOMAC: Western Ontario
and McMaster Universities Arthritis Index; SF-36: Medical Outcomes Study Short Form-36; DMARD:
disease-modifying antirheumatic drug.
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both knees required explant. Of note, the deep joint
infection was in the anti-TNF group. For local site infec-
tions, 3/92 (3.26%) were in the anti-TNF group and 3/143
(2.10%) in the non-anti-TNF group; this difference was not
statistically significant (Fisher’s exact test, p = 0.68).
Additionally, there was no significant difference between
the groups when the data were analyzed for each negative
event individually (PNA, PE, DVT, and revision surgery).
The AE rate in the non-anti-TNF group, 10/143 (6.99%)
versus the anti-TNF group’s 7/92 (7.61%), was not statisti-
cally significantly different (Fisher’s exact test, p = 1.0;
Table 3). In the sensitivity analysis there was no difference
when evaluating only infections as the primary outcome, nor
when excluding those using steroids, nor when excluding
those using abatacept (n = 12) and rituximab (n = 4). The
number of patients using abatacept and rituximab was too
small to conduct a separate subgroup analysis.

DISCUSSION
The major finding of our study was that there is a low risk
of infection and 6-month AE postoperatively in patients
with RA undergoing knee replacement who are receiving
anti-TNF medication. This was true for both deep joint
infection and surgical site infection. While concerns have
been raised that anti-TNF use may increase the rate of
prosthetic joint infection, this was not supported by our
results. This leads us to question whether use of anti-TNF
medication perioperatively needs to be stopped far in
advance of surgery or at all; current recommendations vary
by country and none are evidence-based10,16,17,18,19. Our

infection rate was similar to that reported in other studies
examining RA and infection, suggesting that our infection
rate results are generalizable to other institutions4,28,37.
Considering the low rate of postoperative infection, the
question of whether a shorter stop time for anti-TNF or
continuation is warranted requires a large randomized
clinical trial to achieve statistically significant results.
Our report builds upon 12 clinical studies10,11,12,13,20,

21,22,23,24,25,26,27 investigating the patterns of use and AE
associated with perioperative anti-TNF therapy. To our
knowledge it is the first study to document how anti-TNF is
used perioperatively in a large cohort of patients with RA
undergoing orthopedic surgery. While there are many
recommendations, ours is the first study to examine how
physicians are actually practicing in an orthopedic hospital
that specializes in joint replacement. This is useful because
it might help other clinicians decide how best to manage
anti-TNF medications in patients with RA undergoing
arthroplasty amid a plethora of conflicting usage recom-
mendations. 
The amount of time the medications were stopped prior

to surgery appeared to be related to their drug-specific
dosing regimen, but was not always consistent. While
etanercept and adalimumab were both stopped about 2 doses
prior to surgery, infliximab was generally stopped within
less than 1 dosing period. We had stop times for only 1 case
with golimumab so that was not evaluable. It is unknown
whether the decision to stop anti-TNF was influenced by
factors other than medication class, such as disease severity. 
Our study evaluated anti-TNF use in 1 surgery type,
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Table 2. Timing of use of anti-tumor necrosis factor (anti-TNF) medication perioperatively.

Anti-TNF Stop Time, weeks ± SD, n = 71 Restart Times, weeks ± SD, n = 23

Etanercept (n = 59) 2.4 ± 2.4 (n = 39) 2.1 ± 1.1 (n = 15)
Standard dosing: weekly range 1–14 range 1–4
(t2 = 3–5.5 days)
Golimumab (n = 2) 8 (n = 1) 1.5 (n = 1)
Standard dosing: monthly range NA range NA
(t2 = 7–20 days)
Adalimumab (n = 25) 5 ± 5.6 (n = 20) 2 ± 1 (n = 3)
Standard dosing: every 2 weeks range 1–24 range 1–3
(t2 = 10–20 days)
Infliximab (n = 18) 4.8 ± 2.2 (n = 11) 4.4 ± 1.8 (n = 4)
Standard dosing: every 4–8 weeks range 2–9 range 2–4
(t2 = 7–12 days)

t2: half-life. NA: not available.

Table 3. Adverse outcomes stratified by use of anti-tumor necrosis factor (anti-TNF) medication.

Anti-TNF Users Nonusers

⋅ 4 Infections; 3 cellulitis and 1 deep joint infection ⋅ 3 Infections; all cellulitis
⋅ 1 Pneumonia ⋅ 4 Pneumonias
⋅ 2 Revisions ⋅ 2 Deep vein thromboses

⋅ 1 Revision
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TKR, instead of combining data for surgeries of varying
levels of infection risk ranging from abdominal surgery to
trauma surgery. In contrast, previous studies grouped many
noncomparable surgeries such as general surgical proce-
dures with orthopedic surgeries21,23,24 or several different
orthopedic procedures10,11,12,13,20,22,25,26, or focused on
different procedures in one anatomic area (e.g., foot and
ankle)27.
As well, our study focused exclusively on patients with

RA. Previous studies grouped together disparate
autoimmune diseases that are not necessarily equivalent in
terms of infection risk, such as RA, psoriatic arthritis, and
spondyloarthropathy22,23,26.
Compared to many previous studies we had a large

cohort with 268 cases; only 3 of the 12 prior clinical studies
had a higher number of cases than ours10,11,24. Other studies
had as few as 16 and up to 104 cases12,13,20,21,22,23,25,26,27.
Additionally, all RA diagnoses were validated by a rheuma-
tologist instead of relying on ICD-9 coding or self-report
alone, as is often the only option in large cohort studies3,7,38.
Our study also stands apart on the matter of data

collection; 11 previous studies were retrospective designs
with no followup. We had data collected prospectively on a
large cohort of RA patients with a survey response rate of
80%. The only previous prospective study was of a small
group of 16 patients22. We also had additional demographic
data from our hospital database and a response rate of 87%
to the 6-month adverse outcomes followup questionnaire.
There was a slightly higher response rate for adverse
outcomes data, because this information was obtained by
both standardized database followup surveys and the
additional RA-specific survey for those who did not respond
to the database survey.
All incidences of AE including infection were validated

in our study. The infection rate was similar to that reported
in other studies, suggesting our results are generalizable,
although we are a tertiary care specialty hospital4,28,37.
Additionally, we used a standardized definition for surgical
site infection, from the CDC39.
Also, unlike some previous studies13,21,22, we did

analyze the therapeutic dosing regimen of the drug. We did
this because, after a literature review, we found dosing
regimen to be the most robust measure of when the
anti-TNF medication was in the system to expose the patient
to risk of infection35,36.
Our retrospective study had several limitations, chiefly

that the rate of infection was very low, making it difficult to
obtain statistically significant results. A prospective
randomized controlled trial evaluating the effects of peri-
operative anti-TNF use would provide the strongest
evidence; however, this is unlikely to be feasible given the
low rate of infection and other adverse events37,40. Using a
Fisher chi-square test for a projected outcome of 1% of
non-anti-TNF subjects having 6-month adverse outcomes

and 3% of patients using anti-TNF having adverse
outcomes, 1644 patients would be needed to achieve 80%
power. Based on the actual outcomes of 7.61% in the
anti-TNF group and 6.99% in the non-anti-TNF group,
55,890 cases would be needed to achieve 80% power. 
As well, RA diagnosis was based on ICD-9 codes and

chart review for DMARD use rather than the ACR criteria41.
Because our institution is a large referral center, most
patients did not have their primary rheumatologist at the
hospital and therefore we had access to only perioperative
case notes. The literature suggests that using both diagnosis
codes for RA and DMARD prescription information
increases accuracy in validating RA diagnoses42,43,44. In
addition, the fact that RA cases confirmed the diagnosis on
our RA-specific self-report questionnaire proves the high
positive predictive value of our validation algorithm. RA
cases may have been overlooked, but this is unlikely as we
reviewed all cases ICD-9 coded as RA.
We did not have access in many cases to traditional

markers of disease severity such as erythrocyte sedimen-
tation rates or Disease Activity Score results. However, the
groups were similar in terms of comorbidities, function,
pain, and duration of disease, suggesting the anti-TNF group
had a more severe burden of disease. 
Overall, we found a very low risk of 6-month infection

and adverse events in patients with RA undergoing TKR,
regardless of whether they were taking anti-TNF medica-
tions perioperatively. Given the lack of evidence behind
existing recommendations regarding anti-TNF use at the
time of surgery, these data raise the question whether it is
actually necessary to stop anti-TNF prior to surgery. Given
the possible risks associated with stopping anti-TNF drugs,
including worsening of disease, further study is needed to
determine optimal perioperative use of anti-TNF therapy.
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