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Abstract

Study Design: Systematic Review and Meta-analysis

Objective: The purpose of this study is to synthesize recommendations for perioperative medical management of RA patients
and quantify outcomes after spine surgery when compared to patients without RA.

Methods: A search of available literature on patients with RA and spine surgery was performed. Studies were included if they
provided a direct comparison of outcomes between patients undergoing spine surgery with or without RA diagnosis. Meta-
analysis was performed on operative time, estimated blood loss, hospital length of stay, overall complications, implant-related
complications, reoperation, infection, pseudarthrosis, and adjacent segment disease.

Results: Included in the analysis were 9 studies with 703 patients with RA undergoing spine surgery and 2569 patients without
RA. In RA patients compared to non-RA patients undergoing spine surgery, the relative risk of infection was 2.29 times higher
(P = .036), overall complications 1.61 times higher (P < .0001), implant-related complications 3.93 times higher (P = .009), and
risk of reoperation 2.45 times higher (P < .0001). Hospital length of stay was 4.6 days longer in RA patients (P < .0001).

Conclusions: Treatment of spinal pathology in patients with RA carries an increased risk of infection and implant-related
complications. Spine-specific guidelines for perioperative management of antirheumatic medication deserve further explo-
ration. All RA patients should be perioperatively co-managed by a rheumatologist. This review helps identify risk profiles in RA
specific to spine surgery and may guide future studies seeking to medically optimize RA patients perioperatively.

Keywords
rheumatoid arthritis, disease modifying antirheumatic drugs, steroids, biologics, spine surgery, fusion, craniovertebral junction,
atlanto-occipital

Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory auto-
immune disease affecting 1–2% of the global population.1,2

Initial treatment is medical management with nonsteroidal
anti-inflammatory drugs (NSAIDs), corticosteroids, and others,2

including novel disease modifying antirheumatic drugs
(DMARDs) and biologics that directly affect the host au-
toimmune response. Although DMARDs and biologics
have the potential to slow the progression of rheumatoid
arthritis and protect the joints from permanent damage,3,4

infectious and potentially other side effects have been at-
tributed to use of DMARDs.5,6

Many patients with RA will require surgical treatment for
advanced disease even with a proper use of medication
regimen,3,7,8 though this may be decreasing over time.9 As the
spine is a frequent location for RA involvement, surgical
intervention may be indicated in patients with myelopathy,
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radiculopathy, instability, or deformity.7,8,10-12The systemic in-
flammatory nature of this autoimmune disease as well as the
subsequent medical treatments have been implicated in increasing
complication rates in orthopedic and other surgery. Numerous
studies have shown that RAmay increase the risk of developing a
variety of postoperative complications, including wound infection
and instrument failure, ultimately necessitating revision after initial
spine surgery,3-7 though other reports presented no appreciable
differences in surgical outcomes or complications.8,9

Prior studies have suggested the perioperative continuation
of some DMARDs, biologics, and other antirheumatic medi-
cations may increase infection rates after surgery;15-19 however,
current evidence is varied based on type of medication, power
of available studies to detect low probability events such as
infection or other complications, and sometimes conflicting
results.15,16,18-22 Additional concern exists for precipitating RA
disease exacerbation while off medication.20 Although this
question is studied extensively in elective hip and knee ar-
throplasty and other elective orthopedic procedures,15,18,20,23,24

there is a paucity of literature on spine surgery.
Considering these knowledge gaps, the objectives of this study

were to synthesize recommendations for perioperative medical
management of RA patients and quantify outcomes and compli-
cations after spine surgery when compared to patients without RA.

Methods

Data Sources and Search Strategy

Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines and checklists were used for
this systematic review.10 A certified, experienced librarian
carried out an extensive search of electronic databases in
PubMed, Ovid/MEDLINE, Cochrane, and Scopus for pub-
lished articles for all available years. A search strategy in-
cluding keywords for “spine” or “spinal” or rheumatoid or
(rheumatic adj arthritis) or “inflammatory arthritis” “lumbar”
or “lumbosacral” “occipital-cervical” or atlantoaxial or “at-
lanto-axial” or “occipitoatlantoaxial” or “occipito-atlantoax-
ial” or “craniovertebral junction” or “subluxation” or
“vertebral” or “intervertebral” or “disc” or “discs” or “sacral”
or “sacrum” or “fusion” or “fused” or “fusing” or “fixation” or
“decompression’ or “arthrodesis” or “reconstruct.” Two au-
thors (C.O. and Y.Y) screened the studies for eligibility after a
list of articles was obtained. The senior author (M.B.) was
consulted in final decision-making for any discrepancies.

Eligibility Criteria

The following inclusion criteria were used for eligibility; (i)
studies that included patients with a diagnosis of rheumatoid
arthritis undergoing spine surgery compared to a control group
of patients without RA undergoing spine surgery. (ii) Studies
that reported any complications or made an assessment re-
garding complications for patients with RA directly compared

to patients without RA and (iii) studies in English language and
with available full text. Reviews and studies that did not present
specific information about spine surgery were excluded from our
analysis. In addition; (i) studies that included patients with di-
agnosis of rheumatoid arthritis prior to spine surgery, (ii) studies
that provided details regarding antirheumatic medication use
prior to surgery (name, dose, timing) and (iii) studies that re-
ported any complications or made an assessment regarding
complications if no complications present were included for a
separate systematic review on perioperative medication use.

Data Extraction and Processing

The following information was collected for included studies;
(i) information on author name and study year, (ii) average
age, gender, and follow-up (iii) number of patients specific to
RA and Non-RA cohorts, (iv) location, type and specific levels of
the spine surgery, (v) operative parameters including blood loss
and operative time, (vi) any complications seen in patients un-
dergoing spine surgery including wound infection, (vii) reoper-
ation at the same level, and (viii) diagnosis of adjacent segment
disease. For the systematic review of perioperative medication
use, information on (i) author name and study year, (ii) study
design, (iii) number of patients (total and spine-specific numbers if
other procedures are included), (iv) location and specific levels of
the spine surgery, (v) name and the dose of the medication used in
rheumatoid arthritis treatment, (vi) whether the medication was
stopped and restarted perioperatively and (vii) any complications
seen in patients undergoing spine surgery were collected.

Statistical Analysis

Mean differences (MDs) were used to summarize continuous
variables and the categorical outcomes were presented using risk
ratios (RRs) with 95% confidence intervals (CI). The outcomes of
interest were compared between patients undergoing spine surgery
with and without RA diagnosis. Heterogeneity was represented
withHiggins I-square (I2). A random effectsmodelwas usedwhen
meta-analyses indicated greater than 50% heterogeneity. Pooled
estimates and effect sizes were represented by forest plots. Sta-
tistical analyses were conducted using R 4.0.5. (R Foundation for
Statistical Computing). P values <.05 were considered significant.

Level of Evidence

Levels of evidence were assessed by use of the Oxford Centre
for Evidence-Based Medicine Levels of Evidence.11 It was
assessed by 2 authors in parallel with arbitration by a third
author in cases of disagreement.

Results

Search Results and Study Characteristics

An initial search of the electronic databases revealed 2016
studies which were filtered further to 391 relevant articles.
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From these, 9 full-text articles were included in the qualitative
assessment. (Figure 1).3,5,8,9,12-16 Included studies were
published between 2008 and 2019 with a cumulative patient
number of 703 diagnosed with RA and 2569 patients without
RA. A total of 550 (78%) of all RA patients and 1259 (49%) of
all Non-RA patients were female. Seven studies were retro-
spective cohorts, utilizing various databases comparing RA
to Non-RA patients undergoing spine operations3,5,8,9,12,13,15

1 was a prospective cohort,14 and the other was a case-control
study.16 The average age for RA patients was 65; for Non-RA
patients, this was 63.4. The average follow-up for RA patients
was 40.4 months and 42.6 months for the Non-RA group.
These characteristics have been summarized further in
Table 1.

Perioperative Details

In the RA and non-RA groups, operative time (95% CI:
�28.78 to 17.5, P = .633, Figure 2) and estimated blood loss
(95% CI: �20.43 to 137.30, P = .147, Figure 3) were not
significantly different. Hospital length of stay was 4.62 days
longer on average in the RA group (95% CI: 3.97-5.26, P <
.0001, Figure 4). Due to the heterogeneity of reporting,

number of operative levels and perioperative mortality in each
group could not be examined or compared.

Infection and Complication Rates

Pooled analysis showed significantly more surgical site in-
fections in the RA group than the Non-RA group, with a
relative risk of 2.29 (95% CI: 1.08–4.84, P = .036, Figure 5).
There were also significantly higher complication rates in the
RA group, including overall complications (95% CI: 1.28–
2.03, P = .001, Figure 6) and implant-related complications
(95% CI: 1.41–10.97, P = .009, Figure 7). Reoperation oc-
curred with a relative risk of 2.45 (95% CI: 1.69–3.55, P <
.0001, Figure 8) comparing RA and non-RA groups. Pseu-
doarthrosis (95% CI: .75–5.40, P = .1641, Figure 9) and
diagnosis of adjacent segment disease (95% CI: .43–9.01, P =
.2508, Figure 10) were not statistically different between RA
and non-RA groups.

Due to the varied nature or absence of reporting in the
included studies, several variables of interest could not be
reliably examined or compared, including: distinction be-
tween deep and superficial infection, the distinction between
medical and surgical complications, and patient reported
outcome measures.

Figure 1. PRISMA flowchart for included studies.
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Perioperative Antirheumatic Medication Management

After applying the inclusion/exclusion criteria, 7 full-text
articles were included in qualitative assessment of manage-
ment of antirheumatic medication perioperatively to spine
surgery (Table 2).17-23 Included studies were published be-
tween 2006 and 2020, all retrospective with small case series
and cohorts, with a total of 226 patients undergoing spine
surgery out of a total of 450. The most used RA medications
were methotrexate, etanercept, and infliximab in the overall
cohort. In cases where RA medications were stopped prior to
surgery, time to stoppingmedication varied significantly, ranging
from 8 days to 8.8 months. For 2 cases where postoperative
medication information was available, RA medication was

restarted at 4 months and 5 weeks following spine surgery.
Fifteen patients were reported to experience complications fol-
lowing spine surgery, and 9 patients were on either methotrexate,
infliximab or etanercept (60.0%). Overall, postoperative com-
plications were mainly wound infections (both superficial and
deep) and systemic infections (i.e., pneumonia and UTI). In
addition, there were cases of wound dehiscence and pseu-
doarthrosis attributed to RA medication use.

Guidelines and Recommendations From
Surgical Literature

Few studies specifically investigate perioperative RA medi-
cation management for patients undergoing spine surgery,

Figure 2. Forest plot comparing operative time for patients undergoing spine surgery with and without RA.

Figure 3. Forest plot comparing the estimated blood loss for patients undergoing spine surgery with and without RA.

Figure 4. Forest plot comparing the hospital length of stay for patients undergoing spine surgery with and without RA.
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though there are some investigations and clinical guidelines
for orthopedic surgery or other surgical fields in general. In
2011, Suzuki et al. conducted a survey of orthopedic surgeons
on perioperative management of RA medications and have
reported the general practice patterns regarding the use of
methotrexate, tacrolimus, infliximab, etanercept, adalimumab
and tocilizumab perioperatively for all procedures.24 Time to

stop these medications ranges from 9.7 days (methotrexate) to
26.4 days (infliximab). Regarding to time to restart, the ear-
liest medications to be readministered were methotrexate
(10.4 days) and tacrolimus (10.5), and the latest medication to
be readministered was infliximab (24.8 days).24

More recently, the American College of Rheumatology and
American Association of Hip and Knee Surgeons published

Figure 5. Forest plot comparing the surgical site related infection rates for patients undergoing spine surgery with and without RA.

Figure 6. Forest plot comparing the overall complications for patients undergoing spine surgery with and without RA.

Figure 7. Forest plot comparing the implant-related complication rates for patients undergoing spine surgery with and without RA.
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guidelines for perioperative management of antirheumatic
medication where medications were placed mostly in groups
rather than individual assessments.25 Commonly used RA
medications (biologic and non-biologic) are listed in Table 3.
Guidelines suggested that DMARDs can be continued, while
biologics were recommended to be stopped prior to surgery
with different timing (range: 2 days to 7 months) depending on
the medication. In addition, mycophenolate mofetil, azathi-
oprine, cyclosporine and tacrolimus were advised to be
withheld if the patient does not have severe systemic lupus
erythematosus.25

Discussion

The primary purpose of this review was to evaluate the dif-
ferences in peri- and postoperative outcomes with RA diagnosis

among patients undergoing spine surgery and guide manage-
ment of the medical treatments for rheumatoid arthritis in the
perioperative period for spine surgery. The included studies
compared RA and non-RA patients with respect to clinical
outcomes, though the variable reporting of these outcomes did
limit the quantitative analysis. The qualitative review of med-
ication management revealed additional variability.

Spine surgery for patients with RA is indicated for mye-
lopathy, radiculopathy, instability, or deformity.26-30 Existing
literature has shown differences in surgical outcomes for pa-
tients previously diagnosed with RA, often affected by the
complication profile seen in RA.3,6,31 Studies reporting on
spine-specific outcomes in RA patients have shown some
mixed results. In a retrospective review included in this study,
Crawford et al. found no statistically significant difference in
RAversus non-RA patients in complications or outcomes after

Figure 8. Forest plot comparing the reoperation rates for patients undergoing spine surgery with and without RA.

Figure 9. Forest plot comparing pseudoarthrosis for patients undergoing spine surgery with and without RA.

Figure 10. Forest plot comparing diagnosis of adjacent segment disease for patients undergoing spine surgery with and without RA.
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lumbar fusion.8 Dalle Ore et al. reviewed major thoracolumbar
deformity correction operations and compared patients with and
without RA, finding no differences in overall surgical com-
plications but an increase in wound healing complications with
the use of prednisone.12 In a similar patient population of adult
scoliosis patients, Mesfin et al. noted increased complication
and reoperation rates of RA compared to non-RA patients.3

Koyama et al. retrospectively reviewed 47 RA patients un-
dergoing spinal fusion surgery with concomitant use of biologic
and non-biologic DMARDs, finding an overall 15% surgical
site infection, though not correlated with the use of metho-
trexate, prednisone, biologic DMARDs or other operative
factors.32 Kang in a retrospectivematched cohort comparison of
RA and non-RA posterolateral lumbar fusion patients found
higher complication rates, including infection, nonunion, im-
plant failure, and overall reoperation in those patients with RA.5

Horowitz performed a database review of Medicare patients
with RA undergoing 1- or 2-level ACDF, finding increased
medical, surgical, and infectious complications when compared
to those without RA, although information on the perioperative
medical treatment of these patients was unavailable.6 Valuable
details regarding perioperative medical management, such as
the dosing or timing of weaning or cessation, however, were not
available in any of the above studies. While some studies have
shown higher rates of infection in RA patients, details of
perioperative medical management are often not well reported,
and the causative factors remain unclear.

Zhang et al. in a previous systematic review assessed the
effect of RA on infection and complications after spine sur-
gery, finding significantly greater rates of complications in the
RA cohort.33 However, the review included 6 studies 2 of
which included information from databases and pose a risk of
overlapping patients. Moreover, only complications and in-
fections were included in the study. The present review in-
cluded 9 independent studies and assessed a broader spectrum
of parameters, including estimated blood loss, operative time,
and implant-related complications in addition to the rates of
overall complications and infection.

The increased risk of postoperative complications, including
infections and wound breakdown, previously has been attributed
to increased comorbidities in patients undergoing spine surgery.
Several studies have found increased postoperative complication

rates in patients with comorbidities including BMI, smoking, and
diabetes, while others have demonstrated that increased operative
times are associated with worse postoperative outcomes.34-36 In
this review, there was no significant difference in operative time
between RA and non-RA patients and overall comorbid burden
was unable to be compared.

In this review, implant-related complications were signif-
icantly associated with the RA group. A multicenter pro-
spective study by Soroceanu assessed 245 patients on the
incidence, risk factors, and impact of implanted related
complications and quality of life measures after adult spinal
deformity correction, identified nearly a third of their cohorts
experienced this complication with over half of them needing
reoperation after 2 years.37 Seki investigated the differences in
rates of adjacent to segment disease (ASD) and clinical
outcomes in RA patients undergoing lumbar decompression.
Results from this study showed a significantly increased rate
of ASD in RA patients undergoing lumbar fusion.28

Existing literature provides some direct and indirect clues
to the safety of continuing certain medications in and around
the time of spine surgery. Unfortunately, some studies have pro-
duced contradictory results. There is evidence that perioperative
continuation of prednisone,12,38,39 hydroxychloroquine,38

leflunomide,40 and DMARDs18,19,41,42 increase the risk of
infection; however, other studies have shown no increase of
infection with prednisone,22,32 methotrexate38 or those same
or different DMARDs.32,42,43

Due to long-term corticosteroid use, many patients with
RAmay also carry increased risk of osteoporosis, present in up
to 30% in some populations.44 Theoretical risks also exist for
decreased healing capacity of bone due to chronic inflam-
mation or prednisone use.45 Vertebral fractures and implant-
related issues stemming from osteoporosis are noted in several
studies.5,46,47 Excluding infection or wound problems, other
complications appear similar in some studies8,12 but increased
in RA populations in others.3,5 Regarding clinical outcomes,
most studies show that spinal surgery provides predictable
improvements in outcome measures for patients with RA,
similar to those patients without RA diagnosis.5,8,12 Pro-
gression of rheumatic pathology in the spine is noted in several
studies, which may affect longer-term outcomes,5,30 including
those specific to spine.40,41

Table 3. Different types of non-biologic DMARDs.

Non- Biologic DMARDs

Conventional synthetic- methotrexate, leflunomide, hydroxychloroquine sulfate, sulfasalazine
Targeted synthetic-Janus Kinase (JAK) Inhibitors-baricitinib, tofacitinib, upadacitinib
Biologic DMARDs
Tumor necrosis factor (TNF) inhibitors- adalimumab, certolizumab, etanercept, golimumab, infliximab
Anti-B (CD-20)- rituximab
Anti-T cell stimulation- Abatacept
Interleukin-6 (IL-6) inhibitors- Sarilumab, tocilizumab
Interleukin-1 receptor (IL-1) inhibitors- Anakinra
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Newer antirheumatic medications appear to be decreasing
the burden of spinal disease over time26,48; however, medical
treatments both old and new are not without risk. Terashima
reported on a 10-year prospective cohort study enrolling RA
patients without initial cervical instability, noting that corti-
costeroid use correlated with development of more severe
cervical pathology.27 Despite the high quality and long-term
follow-up of this study, it is unknown whether prednisone
treatment indicates a more severe disease burden or if treat-
ment is associated with this poorer outcome.

Limitations

Several limitations exist in this systematic review. First, in-
cluded studies were retrospective in nature, as a result, the
influence of selection and recall biases cannot be fully
withheld. Second, there was significant heterogeneity across
studies. The types of operations were different, and the types
of reported complications also varied greatly across studies;
therefore, understanding the details surrounding individual
complications was not possible. Significant heterogeneity also
existed between studies for the reporting of operative pa-
rameters like EBL and length of surgery for the respective
operative types. Finally, several studies reported on preop-
erative use of anti-RA medications, however, this was in-
consistent across studies. Moreover, frequency of use and
specific medications or dosing was often not reported.

Conclusion

Rheumatologic disease continues to afflict patients with spinal
pathology, and patients often require surgical treatment de-
spite recent advances in medication regimens. There is a
dearth of current guidance on the relative risks of patients with
RA undergoing spine surgery. The results from this meta-
analysis suggest that patients with RA are at a significantly
increased risk of postoperative complications including sur-
gical site infections following spine surgery. Furthermore, the
perioperative medication management for these patients ap-
pears to have significant variability in timing, cessation or
continuance, and types of medication. All RA patients should
be perioperatively co-managed by a rheumatologist. As in
other areas of surgical practice, spine surgery may require
further investigation in specific, patient-centered guidance on
the recommendations for perioperative medication manage-
ment to both optimize patients and minimize risk.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, au-
thorship, and/or publication of this article.

ORCID iD

Chiduziem Onyedimma  https://orcid.org/0000-0001-9210-5579

References

1. Myasoedova E, Davis J, Matteson EL, Crowson CS. Is the
epidemiology of rheumatoid arthritis changing? Results from a
population-based incidence study, 1985–2014. Ann Rheum Dis.
2020;79(4):440-444.

2. McInnes IB, Schett G. Pathogenetic insights from the treatment
of rheumatoid arthritis. Lancet. 2017;389(10086):2328-2337.

3. Mesfin A, El Dafrawy MH, Jain A, et al. Surgical outcomes of
long spinal fusions for scoliosis in adult patients with rheu-
matoid arthritis. J Neurosurg Spine. 2015;22(4):367-373. doi:
10.3171/2014.10.spine14365.

4. Bernstein DN, Kurucan E,Menga EN,Molinari RW, Rubery PT,
Mesfin A. Comparison of adult spinal deformity patients with
and without rheumatoid arthritis undergoing primary non-
cervical spinal fusion surgery: A nationwide analysis of
52,818 patients. Spine J. 2018;18(10):1861-1866.

5. Kang C-N, Kim C-W, Moon J-K. The outcomes of instrumented
posterolateral lumbar fusion in patients with rheumatoid ar-
thritis. Bone Joint Lett J. 2016;98-B(1):102-108.

6. Horowitz JA, Puvanesarajah V, Jain A, et al. Rheumatoid ar-
thritis is associated with an increased risk of postoperative in-
fection and revision surgery in elderly patients undergoing
anterior cervical fusion. Spine. 2018;43(17):E1040-E1044.

7. Fields MW, Lee NJ, Hong DY, et al. Cervical spinal fusion in
adult patients with rheumatoid arthritis. Spine. 2021;46(1):
E23-E30. doi:10.1097/brs.0000000000003753.

8. Crawford CH, 3rd, Carreon LY, Djurasovic M, Glassman SD.
Lumbar fusion outcomes in patients with rheumatoid arthritis.
Eur Spine J. 2008;17(6):822-825.

9. Gulati A, Solberg T, Giannadakis C, et al. Surgery for lumbar
spinal stenosis in patients with rheumatoid arthritis: A multi-
center observational study. Eur J Rheumatol Inflamm. 2016;
3(2):56-60.

10. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting
items for systematic reviews and meta-analyses: The PRISMA
statement. BMJ. 2009;339(jul21 1):b2535. doi:10.1136/bmj.
b2535.

11. Rogers JP, Watson CJ, Badenoch J, et al. Neurology and
neuropsychiatry of COVID-19: A systematic review and
meta-analysis of the early literature reveals frequent CNS
manifestations and key emerging narratives. J Neurol
Neurosurg Psychiatry. Published online June. 2021;3. doi:10.
1136/jnnp-2021-326405.

12. Dalle Ore CL, Ames CP, Deviren V, Lau D. Perioperative
outcomes associated with thoracolumbar 3-column osteotomies
for adult spinal deformity patients with rheumatoid arthritis.
J Neurosurg Spine. 2019;30(6):822-832.

13. Ohya J, Chikuda H, Kato S, et al. Risks of in-hospital death and
complications after fusion surgery in patients with atlantoaxial
subluxation: Analysis of 1090 patients using the Japanese

Streufert et al. 1593

https://orcid.org/0000-0001-9210-5579
https://orcid.org/0000-0001-9210-5579
https://doi.org/10.3171/2014.10.spine14365
https://doi.org/10.1097/brs.0000000000003753
https://doi.org/10.1136/bmj.b2535
https://doi.org/10.1136/bmj.b2535
https://doi.org/10.1136/jnnp-2021-326405
https://doi.org/10.1136/jnnp-2021-326405


diagnosis procedure combination database. World Neurosur-
gery. 2015;83(4):603-607. doi:10.1016/j.wneu.2014.12.019.

14. Takeuchi K, Yokoyama T, Aburakawa S, et al. Inadvertent C2–
C3 union after C1–C2 posterior fusion in adults. Eur Spine J.
2006;15(3):270-277.

15. Uei H, Tokuhashi Y, Maseda M. Radiographic and clinical
outcomes of C1-C2 intra-articular screw fixation in patients
with atlantoaxial subluxation. J Orthop Surg Res. 2018;13(1):
273.

16. Xu S, Liang Y, Wang J, et al. Blood loss of posterior lumbar
interbody fusion on lumbar stenosis in patients with rheu-
matoid arthritis: A case–control study. Spine. 2019. Published
online https://cdn.journals.lww.com/spinejournal/FullText/
2019/09010/Blood_Loss_of_Posterior_Lumbar_Interbody_Fusion_
on.18.aspx.

17. Elia CJ, Brazdzionis J, Toor H, et al. Impact of chronic DMARD
therapy in patients with rheumatoid arthritis undergoing surgery
of the craniovertebral junction: A multi-center retrospective
study. Spine. 2020;45(13):930-936.

18. Momohara S, Hashimoto J, Tsuboi H, et al. Analysis of peri-
operative clinical features and complications after orthopaedic
surgery in rheumatoid arthritis patients treated with tocilizumab
in a real-world setting: Results from the multicentre TOcili-
zumab in Perioperative Period (TOPP) study. Mod Rheumatol.
2013;23(3):440-449. doi:10.3109/s10165-012-0683-0.

19. Godot S, Gottenberg J-E, Paternotte S, et al. Safety of surgery
after rituximab therapy in 133 patients with rheumatoid arthritis:
Data from the autoimmunity and rituximab registry. Arthritis
Care Res. 2013;65(11):1874-1879.

20. Giles JT, Bartlett SJ, Gelber AC, et al. Tumor necrosis factor
inhibitor therapy and risk of serious postoperative orthopedic
infection in rheumatoid arthritis. Arthritis Rheum. 2006;55(2):
333-337.

21. Nishida K, Nasu Y, Hashizume K, et al. Abatacept management
during the perioperative period in patients with rheumatoid
arthritis: Report on eight orthopaedic procedures. Mod Rheu-
matol. 2014;24(3):544-545.

22. Khanna R, Dlouhy BJ, Smith ZA, Lam SK, Koski TR, Dahdaleh
NS. The impact of steroids, methotrexate, and biologics on
clinical and radiographic outcomes in patients with rheumatoid
arthritis undergoing fusions at the craniovertebral junction.
J Craniovertebr Junction Spine. 2015;6(2):60-64.

23. Mori S, Tomita Y, Horikawa T, Cho I, Sugimoto M. Delayed
spinal infection after laminectomy in a patient with rheumatoid
arthritis interruptedly exposed to anti-tumor necrosis factor
alpha agents. Clin Rheumatol. 2008;27(7):937-939.

24. Suzuki M, Nishida K, Soen S, et al. Risk of postoperative
complications in rheumatoid arthritis relevant to treatment with
biologic agents: A report from the committee on arthritis of the
Japanese orthopaedic association. J Orthop Sci. 2011;16(6):
778-784. doi:10.1007/s00776-011-0142-3.

25. Goodman SM, Springer B, Guyatt G, et al. American college of
rheumatology/american association of hip and knee surgeons
guideline for the perioperative management of antirheumatic
medication in patients with rheumatic diseases undergoing

elective total hip or total knee arthroplasty. Arthritis Rheumatol.
2017;69(8):1538-1551. doi:10.1002/art.40149.

26. Mallory GW, Halasz SR, Clarke MJ. Advances in the treatment
of cervical rheumatoid: Less surgery and less morbidity.World J
Orthop. 2014;5(3):292-303.

27. Terashima Y, Yurube T, Hirata H, Sugiyama D, Sumi M. Pre-
dictive risk factors of cervical spine instabilities in rheumatoid
arthritis: A prospective multicenter over 10-year cohort study.
Spine. 2017;42(8):556-564.

28. Seki S, Hirano N, Matsushita I, et al. Lumbar spine surgery in
patients with rheumatoid arthritis (RA): What affects the out-
comes? Spine J. 2018;18(1):99-106.

29. Joo P, Ge L, Mesfin A. Surgical management of the lumbar spine
in rheumatoid arthritis. Global Spine J. 2020;10(6):767-774.
doi:10.1177/2192568219886267.

30. van Asselt KM, Lems WF, Bongartz EB, et al. Outcome of
cervical spine surgery in patients with rheumatoid arthritis. Ann
Rheum Dis. 2001;60(5):448-452.

31. Casey ATH, Crockard HA, Moskovich R, Ransford AO, Ste-
vens J, Bland JM. Surgery on the rheumatoid cervical spine for
the non-ambulant myelopathic patient—too much, too late?
Lancet. 1996;347(9007):1004-1007.

32. Koyama K, Ohba T, Ebata S, Haro H. Postoperative surgical
infection after spinal surgery in rheumatoid arthritis. Orthope-
dics. 2016;39(3):e430-e433.

33. Zhang S, Wang L, Bao L, et al. Does rheumatoid arthritis affect
the infection and complications rates of spinal surgery? A
systematic review and meta-analysis. World Neurosurgery.
2021;145:260-266. doi:10.1016/j.wneu.2020.09.039.

34. Lingutla KK, Pollock R, Benomran E, et al. Outcome of lumbar
spinal fusion surgery in obese patients: A systematic review and
meta-analysis. Bone Joint Lett J. 2015;97-B(10):1395-1404.

35. Phan K, Kothari P, Lee NJ, Virk S, Kim JS, Cho SK. Impact of
obesity on outcomes in adults undergoing elective posterior
cervical fusion. Spine. 2017;42(4):261-266.

36. Lim S, Edelstein AI, Patel AA, Kim BD, Kim JYS. Risk factors
for postoperative infections after single-level lumbar fusion
surgery. Spine. 2018;43(3):215-222.

37. Soroceanu A, Diebo BG, Burton D, et al. Radiographical and
implant-related complications in adult spinal deformity surgery.
Spine. 2015;40(18):1414-1421.

38. Grennan DM, Gray J, Loudon J, Fear S. Methotrexate and early
postoperative complications in patients with rheumatoid arthritis
undergoing elective orthopaedic surgery. Ann Rheum Dis. 2001;
60(3):214-217.

39. Salt E, Wiggins AT, Rayens MK, et al. Moderating effects of
immunosuppressive medications and risk factors for post-
operative joint infection following total joint arthroplasty in
patients with rheumatoid arthritis or osteoarthritis. Semin Ar-
thritis Rheum. 2017;46(4):423-429. doi:10.1016/j.semarthrit.
2016.08.011.
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