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Abstract 
Objective: The aim of the study is to assess the risk of post-operative out-
come in rheumatoid arthritis (RA) patients continuing versus stopping com-
bination therapy of methotrexate (MTX) and hydroxychloroquine (HCQ) or 
tumor necrosis factor α inhibitors (TNF) prior to surgery. Methods: Using 
the United States Veterans Affairs (VA) databases, we identified surgical 
procedures in a 17-year cohort of RA patients. Among those patients, those 
on MTX + HCQ or MTX + TNF were identified. Post-operative outcome va-
riables include infection, length of post-operative hospital stay and death. 
Results: We identified a total of 29,708 surgeries in RA patients. Among 
them, we identified the most recent elective surgeries without pre-operative 
infection in 16,174 patients. There were 783 and 550 patients on MTX + HCQ 
and MTX + TNF, respectively. The rates of post-op infection were 5% and 4% 
for the MTX + HCQ and MTX + TNF continuing medication groups, respec-
tively, similar to the general RA population (5%). Sensitivity analyses at vari-
ous time points of discontinuation combination therapies prior to surgery did 
not show significant change in terms of infection. Conclusions: The preva-
lence of adverse outcome is low. The proportion of post-operative infection 
in continuing and discontinuing medicine groups is similar for both MTX + 
HCQ and MTX + TNF. While we were unable to formally compare propor-
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tions of post-operative infection among the two groups, these preliminary 
findings do not support the hypothesis that continuing either MTX + TNF or 
MTX + HCQ combination during perioperative period increases post-operative 
infection compared with discontinuation prior to therapy. 
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1. Introduction 

Rheumatoid arthritis (RA) is a chronic inflammatory arthritis characterized by 
joint pain and swelling, as well as other extra-articular manifestations. If not 
treated optimally, RA can cause progressive joint damage that eventually leads to 
significant morbidity and mortality. Given the natural history of RA and lack of 
effective treatments in the past, surgical procedures, especially orthopedic pro-
cedures, have been very common among RA patients [1]. RA patients have 
worse surgical outcomes, including the severity of pain, function scores, and in-
creased rates of prosthetic joint infection, when compared with patients with os-
teoarthritis undergoing similar procedures [2] [3]. 

Treatment for RA has advanced significantly over the past decade with regi-
mens composed of synthetic disease modifying anti-rheumatic drugs (DMARDs) 
and targeted biologic agents (BA), such as tumor necrosis factor α inhibitors 
(TNF), as well as therapies combining the two (combination therapies). As these 
are immunosuppressive or immunomodulating agents, there is concern of peri-
operative use of antirheumatic drugs leading to increased risk of infectious com-
plications and delayed wound healing that result in adverse outcomes during the 
post-operative period. Stopping therapy, on the other hand, could lead to an RA 
flare, which may limit the patients’ ability to participate in post-operative physi-
cal therapy, increase perioperative steroid use, and may delay recovery from 
surgery [4] [5] [6]. 

There is an unmet need for literature on perioperative management of anti-
rheumatic medications. The DMARD that has been best studied in the perioper-
ative setting is MTX use in the context of orthopedic surgeries [7] [8]. Continua-
tion of MTX in the perioperative setting is currently recommended by several 
groups [9] [10] [11]. The best studied class of biologic agents is the TNF α inhi-
bitors, but the current literature is conflicting with some studies demonstrating 
no increased risk of perioperative infection [12] [13] and other studies showing 
the opposite [14] [15] [16]. Most recently, American College of Rheumatology 
(ACR) and American Association of Hip and Knee Surgeons have published 
guidelines regarding perioperative management of antirheumatic medication in 
patients with rheumatic diseases [17]. The guidelines recommend continuing 
DMARDs and stopping most of the BA one dosing interval plus seven days prior 
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to the surgery. The British Society for Rheumatology also recommends stopping 
TNF α inhibitors 3 - 5 drug half-lives prior to surgery [18]. However, most of the 
recommendations on BAs are made based on expert opinions and extrapolation 
of clinical trial data on non-surgical patients. There could be a difference in pa-
tient demographics between RA patients who were enrolled in clinical trial and 
those who underwent surgery. Furthermore, although combination therapies are 
commonly used, there is a lack of literature regarding combination therapy in 
surgical patients, which make clinical decisions difficult for practicing rheuma-
tologists and surgeons. 

Thus, in this study, we aim to assess whether post-operative outcomes, specif-
ically post-operative infectious complications, in RA patients undergoing surgic-
al procedures is greater in patients continuing MTX +HCQ or MTX + TNF 
combination therapies compared with patients who stop their medications prior 
to surgery. 

2. Materials and Methods 

The study was approved by the Institutional Review Board at the Puget Sound 
Veterans Administration Medical Center (MIRB#781) and University of Wash-
ington (HSD#50933). 

2.1. Data Source 

All analyses were performed using the National Veterans Health Administration 
Administrative databases, including the Veterans Affairs (VA) inpatient data, 
VA outpatient data, pharmacy benefits management data, decision support sys-
tem laboratory files, and the Veterans Administration Surgical Quality Im-
provement Program (VASQIP) [19]. These databases provided a comprehensive 
documentation of surgeries and outcomes, including post-operative infections, 
length of post-operative hospital stay and death, among all Veterans across the 
nation. A Veteran is defined as a person who had served in the active military 
service in the USA, who was discharged honorably from service and would be 
eligible to access VA healthcare. 

2.2. Cohort Selection 

We identified a cohort of surgeries performed on RA patients at VA sites across 
the nation between October 1, 1999 and November 16, 2016. All types of surgery 
were included in this analysis. RA patients were identified using a previously va-
lidated algorithm: [a] two or more RA diagnosis codes (International Classifica-
tion of Diseases 9 code of 714) at least 6 months apart; [b] at least one rheuma-
tology clinic visit; [c] RA diagnosis code entered at the last rheumatology clinic 
visit; and [d] at least one DMARD or BA was dispensed for a total duration of 6 
months or more [20] [21]. 

We eliminated emergency surgeries to avoid potential poor outcome due to 
lack to preoperative preparation. When a patient had multiple surgeries, we se-
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lected the most recent surgery without prior infection in order to better reflect 
current treatment for RA, given that there has been a significant change in the-
rapeutic options in the past decade. 

Next, RA patients who were on MTX + HCQ and MTX + TNF combination 
therapies prior to surgery were identified. The pharmacy database was used to 
obtain information on patients’ refill periods. We used a previously validated 
method to determine whether the medication had been stopped prior to or con-
tinued through the perioperative period based on the refill periods [22]. Contin-
uing therapy must fulfill two criteria: [a] the patient must be a “user” of the me-
dication and [b] the medication must be “effective” during perioperative period. 
An MTX or HCQ user is defined as an RA patient who taken the medication for 
more than one month within the period 6 months prior to the surgery. MTX and 
HCQ are considered “effective” if they were continued throughout the surgery 
or discontinued within 3 months prior to surgery. A TNF user is defined as an 
RA patient who is on the TNF inhibitor for more than a month within the pe-
riod two months prior to the surgery. TNF inhibitors are considered “effective” 
if they were continued throughout the surgery or discontinued within 2 dosing 
intervals prior to surgery. For example, etanercept is considered effective if it 
was discontinued within 2 weeks prior to the surgery and adalimumab within 4 
weeks. TNF inhibitors included in the study consist of the most commonly used 
TNF inhibitors at the VA, including etanercept, and adalimumab. Other TNF 
inhibitors (e.g. infliximab, certolizumab and golimumab) were not included in 
the study due to small sample sizes. 

Applying the above-mentioned definitions, all patients identified were further 
divided into three subgroups: [a] continuing both medications, [b] disconti-
nuing both medications, [c] other use pattern. Patients who are off medication, 
on monotherapy or other medication combinations were excluded from the 
analysis. In other words, all surgeries that happened before the initiation of the 
specific RA therapies were excluded from the study. 

2.3. Statistical Analysis 

All statistical analyses were performed using STATA V.12.0, College Station, 
Texas, USA. 

Chi square (a) or Fisher’s Exact test (b) was used to compare categorical va-
riables between continuing and discontinuing both medications subgroups. 
Kruskal-Wallis test (c) was used to compare continuous variables between con-
tinuing and discontinuing both medications subgroups. The demographic va-
riables of interest included sex, age, chronic steroid use, smoking, diabetes mel-
litus, pre-albumin, and the modified Charlson surgery comorbidity score. The 
Charlson surgical comorbidity score was modified by excluding ICD9 codes re-
lated to RA, such as 714.xx and 725, to avoid bias [23] [24] [25]. Post-operative 
outcome included infectious complications within 30 days such as pneumonia, 
sepsis, UTI and wound infection, as well as post-operative length of hospital 
stays and death within 90 days. We planned to use multivariable logistic regres-
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sion with propensity scores to compare the proportion of surgical patients with 
infectious complications between those continuing vs. discontinuing medica-
tions. The alpha for statistical significance was set at 0.05 for all analyses. For 
sensitivity analyses, we used Fisher’s exact test to examine the differences in sur-
gical patients with infectious complications between those who continued medi-
cation vs. discontinued medications discontinued at various time points before 
surgery. 

3. Results 
3.1. Patient Characteristics 

We identified a total of 29,708 surgeries among 17,293 RA patients between Oc-
tober 1, 1999 and November 16, 2016 from VASQIP database. One thousand five 
hundred and thirty-nine emergency surgeries, 1947 surgeries with pre-operative 
infection, and 10,048 previous surgeries were removed. 

Application of the aforementioned criteria resulted in 16,174 RA patients eli-
gible for analysis. The mean age at surgery of those patients was 64 (SD 10.67). 
Eighty eight percent were male and 64% were non-Hispanic Caucasian. The 
mean of BMI was 29 (SD 6.25). The majority of patients were in the category of 
non-DM or diet-controlled DM (82%) and were not on chronic steroid (79%). 
The mean prealbumin level was 3.83 (SD 0.54). The median modified Charlson 
score was 2. The post-operative infection rate was 5.05%, including 1.09% of 
urinary tract infection, 2.35% of wound infection, 1.04% of sepsis, and 1.19% of 
pneumonia. The death rate within 90 days after the surgery was 0.01%. There 
were 9786 patients who were off the combination therapy during the periopera-
tive period as the surgery was done before they were diagnosed with RA. There 
were 783 (5%) and 550 (3%) patients on MTX + HCQ and MTX + TNF combi-
nation therapy, respectively. Each group was further divided into three sub-
groups: (a) continued both medications prior to surgery, (b) discontinued both 
and (c) other use pattern. Figure 1 illustrates consort diagram for the pa-
tients/surgeries selection. 

In the MTX + HCQ group, there were 14 (2%) patients who discontinued 
both medication, 656 (84%) patients who continued both medications, and 113 
(14%) patients with other use patterns. In the MTX + TNF group, there were 6 
(1%) patients who discontinued both medication, 363 (66%) patients who con-
tinued both, and 181 (33%) patients with other use patterns. Comparing the 
continued vs. discontinued medication subgroups within each treatment groups, 
there was no statistical difference in patient demographics, including sex, 
chronic steroid use, smoking diabetes mellitus, pre-albumin, and the modified 
Charlson surgery comorbidity score. Although the p-value is less than 0.01 in the 
MTX + TNF group, there were very few patients in the discontinuing medication 
group. Table 1 illustrates patient demographics for both combination therapies. 

3.2. Surgery Characteristics 

The most common surgery in our cohort was orthopedic surgeries (20%),  
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Figure 1. Patient selection (attached in a different file). 
 
including both arthroplasty and joint replacement surgery. Other surgeries in-
clude hernia surgeries (11%), cholecystectomies (5%), and urological procedures 
(5%), such as cystoscopy and trans-ureteral resection of prostate. 

Post-operative outcome: infection within 30 days, length of post-operative hos-
pital stays and death within 90 days. 

The median length of post-operative hospital stay was approximately 5 days, 
excluding same day surgery, in both combination therapy groups.  

Among 14 patients who discontinued MTX + HCQ, there was one (7.1%) 
post-operative infection and one (7.1%) death. Among the 636 patients who 
continued therapy, there were 29 (4.3%) post-operative infections and 18 (3%) 
deaths. 

Among 6 patients who discontinued MTX + TNF, there were neither post- 
operative infections nor deaths. Among the 425 patients who continued medica-
tion, there were 22 (5%) post-operative infections and 1 (<0.1%) deaths in the 
group that continued medication. 

Due to low prevalence of both infection and death, we were unable to analyze 
our data using multivariable logistic regression. Still, the infection rate is similar 
for general RA patients (5%) and patients who are on the two combinations (4% 
and 5%). Table 2 illustrates the surgery characteristics and outcome. 

Sensitivity analyses of individual combinations revealed no statistically signif-
icant difference in the prevalence of post-operative infection when discontinuing 
MTX + HCQ therapy 1 month, 2 months and 3 months prior to the surgery. 
Comparable results were observed with etanercept and adalimumab when dis-
continued at various dosing intervals. Table 3 describes the sensitivity analysis 
on post-operative infection within 30 days. 

4. Discussion 

Recently published ACR guidelines on perioperative management of antirheu-
matic medications provides guidance based on indirect interpretation of data  
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Table 1. Demographics. 

 MTX + HCQ MTX + ADA 

 
Discontinued 

medication 
Continued  
medication 

Used other 
patterns 

p 
Discontinued 

medication 
Continued 
medication 

Used other 
patterns 

p 

N (%) 14 (100) 656 (100) 113 (100) 
 

6 (100) 363 (100) 181 (100) 
 

Age at operation (%) 
      

0.32c 
      

0.04c 

<50  1 (6) 26 (4) 9 (8) 
 

0 (0) 17 (5) 8 (4) 
 

50 - 59 3 (19) 130 (19) 21 (18) 
 

4 (67) 74 (20) 45 (25) 
 

60 - 69 6 (38) 295 (44) 49 (41) 
 

1 (17) 164 (45) 88 (49) 
 

70 - 79 2 (13) 156 (23) 22 (18) 
 

1 (17) 84 (23) 37 (20) 
 

80 - 89 0 (0) 36 (5) 6 (5) 
 

0 (0) 21 (6) 2 (1) 
 

90+ 2 (13) 13 (2) 6 (5) 
 

0 (0) 3 (1) 1 (1) 
 

Missing 2 (13) 12 (2) 6 (5) 
 

0 (0) 0 (0) 0 (0) 
 

Mean (SD) 62.82 (9.04) 65.74 (8.86) 64.27 (10.98) 
 

58.66 (7.61) 65.67 (9.62) 63.11 (9.16) 
 

Sex (%) 
      

0.28b 
      

0.2b 

Female 3 (21) 74 (11) 16 (14) 
 

1 (17) 34 (9) 25 (14) 
 

Male 11 (79) 582 (89) 97 (86) 
 

5 (83) 329 (91) 156 (86) 
 

Race (%) 
      

0.88a 
      

0.03a 

White, not Hispanic 9 (64) 452 (69) 76 (67) 
 

2 (33) 279 (77) 130 (72) 
 

White, Hispanic 0 (0) 24 (4) 4 (4) 
 

0 (0) 6 (2) 5 (3) 
 

African American 2 (14) 69 (11) 11 (10) 
 

2 (33) 25 (7) 15 (8) 
 

Asian, Pacific  
Islander 

0 (0) 4 (1) 0 (0) 
 

0 (0) 0 (0) 1 (1) 
 

Others 2 (14) 48 (7) 13 (12) 
 

2 (33) 27 (7) 11 (6) 
 

Missing 1 (7) 59 (9) 9 (8) 
 

0 (0) 26 (7) 19 (10) 
 

BMI (%) 
      

0.44c 
      

0.72c 

<18.5 1 (7) 5 (1) 1 (1) 
 

0 (0) 0 (0) 3 (2) 
 

18.5 - < 25 4 (29) 118 (18) 21 (19) 
 

1 (17) 71 (20) 28 (15) 
 

25 - < 30 3 (21) 155 (24) 35 (31) 
 

0 (0) 105 (29) 55 (30) 
 

≥30 5 (36) 184 (28) 33 (29) 
 

1 (17) 124 (34) 65 (36) 
 

Missing 1 (7) 194 (30) 23 (20) 
 

4 (67) 63 (17) 30 (17) 
 

Mean (SD) 27.68 (5.78) 29.06 (5.90) 29.01 (5.50) 
 

27.39 (7.74) 29.46 (6.28) 29.27 (5.77) 
 

Diabetes (DM) (%) 
      

0.94b 
      

0.28b 

No DM or diet  
only 

12 (86) 540 (82) 95 (84) 
 

3 (50) 277 (76) 140 (77) 
 

Oral DM drugs 2 (14) 75 (11) 10 (9) 
 

0 (0) 54 (15) 27 (15) 
 

Insulin use 0 (0) 41 (6) 8 (7) 
 

3 (50) 32 (9) 14 (8) 
 

Modified  
Charlson Score (%)       

0.80c 
      

0.49c 

0 5 (15) 150 (11) 25 (11) 
 

2 (11) 91 (12) 46 (13) 
 

1 to 2 3 (9) 179 (14) 33 (14) 
 

1 (5) 92 (13) 54 (15) 
 

3 to 4 1 (3) 103 (8) 13 (6) 
 

0 (0) 55 (8) 28 (8) 
 

5 to 6 2 (6) 54 (4) 7 (3) 
 

2 (11) 34 (5) 11 (3) 
 

7 to 8 2 (6) 36 (3) 5 (2) 
 

1 (5) 11 (2) 4 (1) 
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Continued 

9+ 0 (0) 33 (3) 7 (3) 
 

0 (0) 13 (2) 2 (1) 
 

Missing 1 (3) 101 (8) 20 (9) 
 

0 (0) 67 (9) 36 (10) 
 

Median 2 
 

2 
 

2 
  

3 
 

2 
 

2 
  

Chronic steroid use 
(%)       

0.67b 
      

0.33b 

No 11 (79) 434 (66) 76 (67) 
 

3 (50) 271 (75) 132 (73) 
 

Yes 3 (21) 222 (34) 37 (33) 
 

3 (50) 92 (25) 49 (27) 
 

Pre-albumin level 
      

0.59c 
      

0.03c 

Mean (SD) 3.72 (0.83) 3.84 (0.47) 3.91 (0.46) 
 

3.2 (0.53) 3.87 (0.46) 3.9 (0.48) 
 

Notes: Chi square (a) or Fishe’s exact test (b) for categorical variables, Kruskal-Wallis test (c) for continuous variables. Race evaluated for non-Hispanic 
White vs. all others. Diabetes evaluated as oral DM drugs and insulin use vs. no DM or diet only. Percent (%); Standard deviation (SD). 

 
Table 2. Surgery characteristics and outcomes. 

 MTX + HCQ MTX + ADA 

 
Discontinued 

medication 
Continued  
medication 

p 
Discontinued 

medication 
Continued  
medication 

p 

N (%) 14 (100) 656 (100) 
 

6 (100) 363 (100) 
 

Surgery type (%) 
    

0.75b 
    

0.30b 

Orthopedic 12 (86) 520 (79) 
 

5 (83) 286 (79) 
 

Others 2 (14) 136 (21) 
 

1 (17) 77 (21) 
 

Days post-op hospitalization 
    

0.7c 
    

0.5c 

Mean (SD) 4.9 (4.25) 4.97 (6.24) 
 

5 (2.12) 5.11 (5.11) 
 

Death within 90 days of surgery 
    

0.33b 
    

1b 

No 13 (93) 638 (97) 
 

6 (100) 362 (100) 
 

Yes 1 (7) 18 (3) 
 

0 (0) 1 (0) 
 

Notes: p-values are for those who discontinue both medications vs. those who continue both medications. Fisher’s exact test (b), Kruskal-Wallis test (c). 
*MTX + HCQ was discontinued 3 months prior to surgery. MTX + TNF was discontinued one dosing interval prior to the surgery. 

 
extrapolated from non-surgical patients enrolled in clinical trials. Direct evi-
dence and literature are still lacking. Our study has the advantage of a large VA 
population of RA patients with long follow-up period [26]. In addition, the 
VASQIP database is a validated, outcome-based, risk-adjusted and peer-controlled 
database, which provided extremely reliable and standardized outcomes, allow-
ing for confidence in our endpoints without necessitating chart review [27]. 
Moreover, using the VA pharmacy database allows us to track the dose and du-
ration of DMARDs and BAs without recall bias. With these two comprehensive 
databases, we are able to provide some, although limited, evidence that suggests 
discontinuing MTX, HCQ, ETA and ADA has no significant change in 
post-operative outcome. 

As mentioned in the introduction, TNFα inhibitor monotherapy has been as-
sessed in several studies both in RA and in inflammatory bowel disease, with 
some results demonstrating increased risk of infection [14] [15] [16] [28] and 
other results showing no increased risk [12] [13] [29]. There is no literature 
looking at combination therapy to date. Our data suggests that these two  
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Table 3. Sensitivity analyses on post-operative infection within 30 days. 

(a) 

 
MTX + HCQ 

Time when both medications were 
discontinued 

Discontinued  
medication 

Continued  
medication 

p 

1) month prior N (%) 59 (100) 526 (100) 1b 

Infections No 57 (97) 503 (96) 
 

        Yes 2 (3) 23 (4) 
 

2) months prior N (%) 30 (100) 615 (100) 0.65b 

Infections No 28 (93) 586 (95) 
 

         Yes 2 (7) 29 (5) 
 

3) months prior N (%) 14 (100) 656 (100) 0.47b 

Infections No 13 (93) 627 (96) 
 

         Yes 1 (7) 29 (4) 
 

(b) 

 
MTX + ETA 

Time when both medications were 
discontinued 

Discontinued  
medication 

Continued  
medication 

p 

7 days prior N (%) 6 (100) 228 (100) 1b 

Infections No 6 (100) 217 (95) 
 

         Yes 0 (0) 11 (5) 
 

14 days prior N (%) 5 (100) 241 (100) 1b 

Infections No 5 (100) 230 (96) 
 

        Yes 0 (0) 11 (4) 
 

21 days prior N (%) 3 (100) 252 (100) 1b 

Infections No 3 (100) 241 (96) 
 

         Yes 0 (0) 11 (4) 
 

(c) 

 
MTX + ADA 

Time when both medications were 
discontinued 

Discontinued  
medication 

Continued  
medication 

p 

14 days prior N (%) 2 (100) 111 (100) 1b 

Infections No 2 (100) 106 (95) 
 

         Yes 0 (0) 5 (5) 
 

28 days prior N (%) 1 (100) 122 (100) 1b 

Infections No 1 (100) 117 (96) 
 

         Yes 0 (0) 5 (4) 
 

35 days prior N (%) 1 (100) 124 (100) 1b 

Infections No 1 (100) 119 (96) 
 

         Yes 0 (0) 5 (4) 
 

Note: p-values are for those who discontinue both medications vs. those who continue both medications. 
Fisher’s exact test (b) was used to exam the difference between the groups. 
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combination regimens can be continued in the perioperative period without in-
creasing the risk for infection-related complications. 

Our study analyzed data from the United States VA encompassing 17 years 
and 106 surgical sites. We studied the two most commonly used combination 
therapies, and found that the infection rate and the length of post-operative hos-
pital stays were similar in those continuing and discontinuing both MTX + HCQ 
and MTX + TNF during the perioperative period. In addition, the death rate is 
close to 0 in the MTX + TNF group. Although the rate of post-operative death in 
90 days is the greatest (7%) in MTX + HCQ discontinued medication subgroup, 
the small sample size (1 patient) is not adequate to make clinical implication. 
Similarly, although the post-operative infection rate and death looks higher in 
the MTX + TNF continuing medication group, the small number of patients in 
the discontinuing medication group makes it difficult to make comparisons or 
definitive conclusions. 

There are several limitations to our study. First, the VA population is older 
than the general RA population, predominantly male, and non-Hispanic Cauca-
sian. As such, the extrapolation of these results to the general population may 
not be entirely valid. Clinical indices of disease severity, such as Clinical Disease 
Activity Index (CDAI) or the Disease Activity Score in 28 Joints (DAS-28) were 
not included in the study due to incomplete documentation. Like most other 
studies on this topic, there is no measurement of post-operative RA flare availa-
ble to us to determine whether the rate of RA flare is decreased with continua-
tion of RA therapy. Finally, the use of a refill dates in the pharmacy database as a 
surrogate marker for continuation or cessation of medication have its limita-
tions. Specifically, it does not allow us to distinguish the reasons for immuno-
suppressant discontinuation. Discontinuation could be due to low disease activ-
ity, surgeon preference, etc. If there were to be a significant improvement in the 
patient group who stopped their medicines prior to surgery, it would be difficult 
to give clear guidance as to when a given medicine should be stopped. The algo-
rithm used to determine whether the medication was discontinued or not was 
validated at Houston VA. Nationwide validation was not done. However, given 
that we were able to reproduce the monotherapy study results with our current 
national database that was previously done with the Houston VA database [22], 
this limitation is less of a concern. Finally, the medication patients received out-
side of the VA system is not captured in our database. Due to high cost of most 
BAs, most patients refill the medications via VA pharmacy. Therefore, incom-
plete pharmacy data is less of a concern. 

Our study provides evidence that continuing either MTX + TNF or MTX + 
HCQ combination during perioperative period does not increase post-operative 
infection rate compared with their discontinuation prior to surgery. The small 
number of cases of infection and death makes it difficult to draw relevant statis-
tical interpretations for our study. However, it is reassuring to know that current 
surgical techniques have minimized post-operative infection complications even 
in individuals who are immunocompromised with DMARDs and BAs, like 

https://doi.org/10.4236/ojra.2019.91001


H.-H. Juo et al. 
 

 

DOI: 10.4236/ojra.2019.91001 11 Open Journal of Rheumatology and Autoimmune Diseases 
 

TNF-α inhibitors. It is better than using steroid post operatively, which is noto-
rious for increasing rate of infection and delay wound healing. We recommend 
continuing MTX + HCQ and MTX + TNF during perioperative period if the 
main concern for discontinuation is post-operative infection, length of hospital 
stay or death. 
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