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With a rising incidence of chronic back pain and associated pos-
tural maladies, more patients are undergoing elective spinal proce-
dures. Patients with pre-existing or comorbid medical conditions 
may require medication regimens that uniquely predispose them 
to complications resulting in increased costs, prolonged recover-
ies, or even death. Therefore, it is imperative that medications are 
both monitored and managed appropriately. This review article 
serves to provide a review of perioperative medication manage-
ment- with a primary focus on non-pain medications- to be con-
sidered as physicians prepare patients for elective spinal surgery. 
Due to the frequency by which these medications are prescribed 

Introduction and the severity of the complications they may pose, the three main 
categories covered are Anticoagulants, Nonsteroidal Anti-Inflam-
matory Drugs (NSAIDs), and Immunosuppressants. This article 
will cover risks and general guidelines for each group as well as 
specific protocols for the most commonly used medications within 
each category. 

Background: Perioperative medication management of spinal surgery patients is essential to minimize risk of complications and 
expedite patient recovery. Commonly prescribed medication regimens such as anticoagulants (e.g. aspirin, clopidogrel), nonsteroidal 
anti-inflammatory drugs (e.g. ibuprofen, naproxen) and immunosuppressants (e.g. methotrexate, cyclosporine) may predispose 
patients to excessive hemorrhaging, wound dehiscence, and surgical infections among other intra-operative and post-operative 
complications. Through an understanding of medication mechanisms, recommended use and disuse protocol, and how these 
medications pertain to individual circumstances, physicians are optimally informed to prepare patients for elective spinal surgery. 
Study Design: Review of literature.
Methods: Numerous searches were conducted utilizing PubMed. The searches were filtered to be written in English and within 
twenty years.
Results: After review of relevant literature, different precautions must be taken depending on the type of medication (anti-coagulant, 
anti-platelet, non-steroidal anti- inflammatory drugs, immunosuppressants) and the individual perioperative health conditions. 
Patients on blood thinning regimens may need to discontinue use of prescribed medication as early as 10 days to 12 hours pre-
operatively and may resume consumption as early as 12 hours post-operatively depending on the medication and perioperative 
health condition of the patient. Patients on nonsteroidal anti-inflammatory drugs (NSAIDs) may need to discontinue use as early 
as eight days to 12 hours pre-operatively and may not resume consumption of NSAIDs for up to three months post-operatively 
depending on medication and the patient’s perioperative health condition. Patients on immunosuppressant regimens may need to 
discontinue use as early as two months to eight hours pre-operatively and may resume post-operative consumption as early as one 
week or when the operative wounds have completely healed depending on the medication and the patient’s perioperative health 
condition.
Conclusion: Due to the invasive nature of spinal surgery, and the potential effect of various medications that can affect surgical 
outcomes, it is imperative that providers review patient medications for proper management during the perioperative period. In the 
future, additional research for new classes of drugs and medications where literature is currently scarce will help to reduce hospital 
admission lengths, complications post-operation and even death. 

Anticoagulants and anti-platelets (Blood thinners)
Patients with a history of heart disease or hypercoagulable 

states often follow a strict, daily regimen of blood thinners to pre-
vent thrombosis. When in need of surgery, however, these patients 
face the dilemma of stopping or continuing their medication, both 
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Apixaban is a direct clotting factor Xa inhibitor, it inhibits con-
version of prothrombin to thrombin to prevent coagulation [4]. 
The recommended pre-operative discontinuation is dependent 
upon renal function. If the pre-operative serum creatinine level 
(SCr) is less than 1.5 mg/dL, discontinuing 48 hours prior is suffi-
cient. However, if SCr is greater than or equal to 1.5 mg/dL, discon-

tinuation should be 72 hours pre-operatively. Resuming Apixaban 
post-operatively may resume within 72 hours, but caution must be 
taken due to Apixaban’s rapid onset and offset [8,12].

Aspirin: Anti-platelet drug

of which has their own associated risk. If ceasing treatment prior 
to surgery is decided, there remains an increased risk of thrombo-
embolism exacerbated by the subsequent, rebound-hypercoagula-
ble state and prolonged immobility during and following surgery 
[1]. Conversely, if the medications are administered up to the time 
of surgery, the patient is at an increased risk of hemorrhage intra-
operatively. There is a delicate balance that must be maintained 
for each drug. The following outlines the appropriate measures to 
be taken with common blood thinner medications in order to avert 
these potential complications.

Aspirin, or Acetylsalicylic Acid (ASA), inhibits platelet func-
tion through irreversible COX-enzyme inhibition [2]. As a potent 
anti-thrombotic, aspirin is the most common drug used to prevent 
thromboembolic emergencies, as well as reduce the risk of myo-
cardial infarctions and strokes [3,4]. Pre-operative discontinuation 
should be considered for patients at low risk for thrombosis (i.e. 6 
months after MI without complications, or 12 months after stroke 
without complications) should discontinue aspirin use 7 - 10 days 
pre-operatively [5,6]. Patients at moderate-high risk for thrombo-
sis (i.e. drug-eluting stent within 1 year, 2 weeks after stroke, or 6 
weeks after MI) may either reduce their dosage to 81mg/day or 
continue aspirin use until surgery [5]. 

Post-operatively, Aspirin resumption within 24 hours of sur-
gery has been shown to increase patient risk of major bleeding 
emergencies (e.g. hematomas) by 1.2%. This value decreases to 
0.7% when aspirin is resumed 5 days post-operatively, and to 0% 
about 10 days after surgery. Once hemostasis is attained post-
operatively, the dosage should be returned to pre-operation dose 
[6-8]. Thus, aspirin resumption is dependent on patient circum-
stances, anticipated blood loss for surgical approach, and surgeon 
discretion [9].

Additionally, low-dose “baby” aspirin regimens (81 mg) are a 
common alternative to regular aspirin regimens (325 mg) in an 
effort to avoid the gastrointestinal complications associated with 
regular aspirin use. The current literature regarding low-dose as-
pirin perioperative management is consistent with that of regular-
dose aspirin (see above). However, a few studies indicate risk of 
increased blood loss in patients taking low-dose aspirin, regard-
less of when the regimen is discontinued pre-operatively [10,11]. 
Therefore, low-dose aspirin management is dependent on patient 
circumstances and the surgeon’s discretion.

Apixaban (Eliquis): Anti-coagulant drug

Clopidogrel (Plavix): Anti-platelet drug
Clopidogrel inhibits platelet aggregation through irreversible 

inhibition of the ADP-mediated P2Y12 receptor [4]. According to 
the CHEST guidelines, pre-operative discontinuation of Clopido-
grel should be 7 - 10 days pre-operatively to allow for complete 
replenishment of patient platelet stores. It is recommended resum-
ing Clopidogrel within 24 hours post-operatively or as soon as pos-
sible [6].

Enoxaparin (Lovenox): Anti-coagulant drug
Enoxaparin, a Low Molecular Weight Heparin (LMWH), acceler-

ates the activity of antithrombin III, thus inhibiting clotting factors 
Xa and IIa [4]. Due to its short half-life (4.5 hours), Enoxaparin is 
typically used to bridge Warfarin. The prophylactic dosing (e.g. 40 
mg once daily) should be discontinued 12 hours pre-operatively, 
and the therapeutic dosing (e.g. 1 mg/kg twice daily) should be dis-
continued 24 hours pre-operatively. Both may be resumed within 
72 hours post-operatively, if approved by surgeon [8,12].

Warfarin (Coumadin): Anti-coagulant drug
Warfarin prevents coagulation by preventing synthesis of clot-

ting factors II (prothrombin), VII, IX, and X [4]. Warfarin is typically 
discontinued 5 days pre-operatively or longer to allow for patient 
INR normalization (INR ≤ 1.4 the day before surgery). If the INR re-
mains > 1.5, a low-dose oral Vit. K supplement may be administered 
to hasten INR normalization [7,12]. Warfarin should be resumed 12 
- 24 hours after surgery at the pre-operative dosage [5,12]. Patient 
INR values require 5 - 10 days after restarting warfarin therapy to 
reach appropriate levels; thus these patients must be kept under 
close observation or undergo bridging therapy as they may be at 
risk for thromboembolic emergencies.

Bridging anti-coagulation minimizes the time to reach thera-
peutic range in order to reduce risk of thromboembolism. However, 
bridging increases the patient’s risk of post-operative bleeding, and 
the physician must decide whether bridging is appropriate based 
on individual circumstances. If necessary, a course of subcutane-
ous LMWH is started three days pre-operatively [12]. This method 
allows for a precise window of normal hemostasis during which 
surgery may be conducted; once the surgical hemorrhagic risk has 
passed, anticoagulation therapy may be resumed [7].

NSAIDs, a class of COX-enzyme-inhibiting drugs, are commonly 
used to treat chronic conditions (e.g. osteoarthritis, rheumatoid 
arthritis) or post-operative pain management for their analgesic, 
anti-inflammatory, and anti-pyretic effects [13]. NSAIDs were tra-
ditionally produced as non-specific COX inhibitors that produced 
many unwanted side effects, most frequently gastrointestinal 

Non-steroidal anti-inflammatory drugs (NSAIDS)
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Ibuprofen (Advil, Motrin, Midol, Nuprin, Pamprin)

Ibuprofen, a non-specific NSAID, functions through inhibition 
of both COX-1 and COX-2 enzymes [19]. Ibuprofen is further cat-
egorized as a “short-acting” NSAID, characterized by a half-life ≤ 
6 hours [13]. A study observing the effects of common NSAIDs 
on human subjects determined the duration of each medication’s 
anti-platelet activity (non-specific NSAIDs block ADP- or epineph-
rine-induced platelet aggregation). Once the patient’s platelet ag-
gregation abilities returned, it was assumed that the medication 
had been flushed from the patient’s system. Ibuprofen’s effects dis-
sipated within 24 hours of ingestion, and thus can be stopped 24 
hours pre-operatively [20].

An animal study determined that, if NSAIDs are resumed ≥ 4 
weeks post-operatively, NSAID inhibitory effects on bone healing 
were negligible [21]. The relatively few human studies performed 
point to significantly lower fusion success rates in patients who 
resume NSAIDs < 3 months post-operatively. Thus, all NSAIDs are 
typically resumed ≥3 months post-operatively or when approved 
by the surgeon [22].

Medication Pre-Operative Discontinuation Post-Operative Resumption Bridging**
Aspirin - Low Risk Patients: 7 - 10 days pre-operatively.

- Moderate-High Risk Patients: May continue  
aspirin use until surgery.

Within 24 hours if approved 
by surgeon.

Apixaban  
(Eliquis)

- SCr < 1.5 mg/dL: 48 hours pre-operatively.

- SCr ≥ 1.5 mg/dL: 72 hours pre-operatively.

Within 72 hours if approved 
by surgeon.

Clopidogrel 
(Plavix)

7 - 10 days pre-operatively. Within 24 hours or as soon as  
possible.

Enoxaparin 
(Lovenox)

- Prophylactic Dosing: 12 hours pre-operatively.

- Therapeutic Dosing: 24 hours pre-operatively.

Within 72 hours if approved 
by surgeon.

Warfarin  
(Coumadin)

5 days pre-operatively provided the patient’s INR ≤ 
1.4 the day before surgery. 12 - 24 hours after surgery at  

pre-operative dosage.

If necessary, subcutaneous LMW 
Heparin is started 3 days pre-

operatively.

Table 1: Blood thinner use overview.

**: Bridging is typically reserved for patients taking warfarin and at high risk of thromboembolism  
(i.e. embolic event within the previous 3 months, mechanical mitral/aortic valve, atrial fibrillation and high risk of stroke, etc.) [12].

Diflunisal

A non-specific NSAID, Diflunisal inhibits both COX-1 and COX-
2 enzymes. Diflunisal is a “long-acting” NSAID, with a half-life ≥ 6 
hours [23]. An early study observed that Diflunisal’s effects dis-
sipated within 24 hours of ingestion [20]. However, a subsequent, 
more detailed study determined that Diflunisal’s effects were 
dose-dependent. Daily doses of 1000mg of Diflunisal (as opposed 
to 250 mg or 500 mg doses) impaired platelet aggregation similar 
to that of aspirin, with effects subsiding after 8 days. Thus, Diflu-
nisal may be discontinued 24 hours pre-operatively for 250 - 500 
mg/day doses and ≥ 8 days pre-operatively for 1000 mg/day doses 
if approved by the surgeon [2,24]. Post-operative resumption is 
suggested at ≥ 3 months post-operatively or when approved by the 
surgeon [22].

Diclofenac (Arthrotec, Cataflam, Voltaren)

A non-specific NSAID, Diclofenac inhibits both COX-1 and COX-2 
enzymes [19]. Diclofenac is a “short-acting” NSAID, with a half-life 
≤ 6 hours [13]. Diclofenac’s effects dissipated 2 days after inges-
tion, and thus can be stopped ≥ 2 days pre-operatively [20]. They 
may be safely resumed ≥ 3 months post-operatively or when ap-
proved by the surgeon [22].

Indomethacin (Indocin)

Indomethacin is a non-specific NSAID, that inhibits both COX-1 
and COX-2 enzymes [19]. Indomethacin is a “short-acting” NSAID, 
with a half-life ≤ 6 hours [13]. Early studies of Indomethacin use 
revealed that clearance correlated to the logarithm of diminishing 
Indomethacin plasma levels [25]. With subsequent experimenta-
tion, it was determined that Indomethacin’s effects were adequate-
ly dissipated 2 days after ingestion [20]. Thus, Indomethacin can be 
stopped 2 days pre-operatively. Recommended post-operative re-
sumption should be ≥ 3 months post-operatively or when approved 
by the surgeon [22].

Naproxen (Aleve, Anaprox, Naprosyn)

Naproxen is a non-specific NSAID, which inhibits both COX-1 
and COX-2 enzymes [19]. Naproxen is a “long-acting” NSAID, with a 
half-life ≥ 6 hours [13]. It’s effects are dissipated 2 days after inges-
tion, and thus can be stopped ≥2 days pre-operatively [20]. Naprox-
en may be resumed ≥ 3 months post-operatively or when approved 
by the surgeon [22].

Piroxicam (Feldene)

A non-specific NSAID, Piroxicam inhibits both COX-1 and COX-
2 enzymes. Piroxicam is a “long-acting” NSAID, with a half-life ≥ 6 
hours [13]. Piroxicam’s effects dissipated 3 days after ingestion, 
and thus can be stopped ≥ 3 days pre-operatively [20]. It also may 
be resumed ≥ 3 months post-operatively or when approved by the 
surgeon [22].
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Medication Pre-Operative Discontinuation Post-Operative Resumption
Ibuprofen (Advil, Motrin, Midol, Nuprin, 
Pamprin)

≥ 24 hours pre-operatively. ≥ 3 months post-operatively 
or when approved by surgeon.

Diflunisal - 250 mg/day or 500 mg/day Doses:

≥ 24 hours pre-operatively.

- 1000mg/day Doses: ≥8 days pre-operatively if approved 
by surgeon.

Diclofenac (Arthrotec, Cataflam, 
Voltaren)

≥ 2 days pre-operatively.

Indomethacin (Indocin) ≥ 2 days pre-operatively.
Naproxen (Aleve, Anaprox, Naprosyn) ≥ 2 days pre-operatively.
Piroxicam (Feldene) ≥ 3 days pre-operatively.

Table 2: Non-specific NSAID use overview.

COX-2 antagonist use and bone fusion rates

The relatively recent advent of COX-2 specific antagonists has 
not allowed for sufficient investigation to definitively determine 
their effects on post-operative bone fusion and healing rates. 
While several studies point to COX-2 antagonists impeding bone 
healing [15], others indicate that COX-2 specific NSAIDs have no 
lasting negative effects [26,27].

Studies concerning COX-2 antagonist use and bone fusion rates 
are even scarcer. Recent studies, however, provide promising evi-
dence supporting the relative safety of post-operative COX-2 an-
tagonist use (specifically Celecoxib) for acute pain management 
without compromising bone fusion rates. The first animal study 
to compare post-operative non-specific NSAID use to COX-2 an-
tagonist use on spinal fusion rates found that post-operative in-
domethacin treatment significantly reduced fusion success rates 
from 64% in the control group to 18% in the indomethacin group; 
whereas the Celecoxib group showed a 45% fusion success rate 
that was not statistically different from the control group [17,28]. 

The invasive nature of spinal surgery often leaves the patient in 
significant post-operative pain, experiencing difficulty with mobi-
lization, and nauseated/vomiting- conditions that may prove over-
whelming and therefore compromise rehabilitation [29,30]. Such 
concerns have prompted research into alternative methods to im-
prove post-operative pain control, while decreasing narcotic us-
age. A recent meta-analysis comparing studies involving different 
NSAID-mediated post-operative regimens found that short time 
(< 14 days) exposure of high-dose ketorolac increased the risk of 
nonunion, whereas short time (< 14 days) exposure of normal-
dose NSAIDs produced results similar to pain regimens lacking 
NSAIDs [31]. Such studies indicate NSAID effects on spinal fusion 
rates may be dose-dependent. 

In light of such results, and the trend toward more outpatient 
spine procedures, there is great interest in the viability of mul-
timodal pain regimens including NSAIDs that can successfully 
manage post-operative pain without increasing the likelihood of 
adverse effects and lead to earlier discharge [32]. One such study 
investigated the efficacy of a pre-emptive multimodal analgesic 

regimen in reducing post-operative pain and complications fol-
lowing primary lumbar fusion surgery. The study determined that 
patients receiving the experimental regimen (included Celecoxib) 
showed no difference in intra-operative blood loss, post-operative 
drain output, or non-union rates as well as lower post-operative 
pain and better functionality when compared to the control pa-
tient group receiving standard intravenous morphine [33]. Another 
study mirrored these findings and determined a comprehensive 
multimodal treatment regimen could significantly reduce mor-
phine administration, improve mobilization, and shorten the length 
of stay under observation compared to the control population [30].

These are just a few examples of studies that, through obtaining 
a better understanding of the effects of COX-2 antagonists, open a 
very promising branch of research that will have significant impli-
cations on post-operative pain management and surgical outcomes. 

Immunosuppressants

Autoimmune diseases, characterized by the inappropriate de-
struction of a host’s tissue by the host’s immune system, are com-
mon chronic conditions. The most commonly seen autoimmune 
diseases in spinal surgery patients (perhaps even serving as the 
etiology of their spinal condition) include: Rheumatoid Arthritis, 
Ulcerative Colitis, Reiter’s Syndrome, Ankylosing Spondylitis, etc. 

Patients with such conditions often follow a strict regimen of 
immunosuppressants that may prove problematic when consid-
ering spinal surgery. The invasive nature of spinal surgery often 
dictates the need for immunosuppressants to prevent further ex-
acerbation of the patient’s inflammatory process. However, contin-
ued immunosuppressant use puts patients at an increased risk of 
autoimmune disease flares, wound infections (possibly leading to 
sepsis and death), and impaired wound healing [34].

Due to the relative scarcity of literature regarding perioperative 
management of immunosuppressant medications, it is difficult to 
provide definitive recommendations for use and disuse protocols. 
This article will serve to condense the most recent, agreed-upon 
literature regarding perioperative immunosuppressant manage-
ment, and make recommendations accordingly. However, due to 
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the systemic nature of autoimmune diseases, it is imperative that 
medication regimens are adjusted based on individual circum-
stances as well as the discretion of the patient’s primary care phy-
sician, rheumatologist, and surgeon [34-36].

Disease modifying anti-rheumatic drugs (DMARDs)
Methotrexate (Trexall)

Methotrexate, an antifolate, works through inhibition of Dihy-
drofolate Reductase (thus impairing purine/pyrimidine metabo-
lism), T-cell activation, and B-cell proliferation [37]. The majority 
of recent studies observing the perioperative effects of methotrex-
ate management indicate no significant increases in post-opera-
tive infection rates or incidences of prolonged wound healing with 
methotrexate use [38,39]. However, if there are concerns regard-
ing renal insufficiency (leading to buildup of methotrexate me-
tabolites) or bone marrow suppression, methotrexate is typically 
discontinued 1 week pre-operatively [40]. If discontinued, metho-
trexate is resumed 1 week post-operatively or when the surgical 
wounds have successfully healed (when approved by the surgeon) 
[40].

Cyclosporine (Neoral, Sandimmune)

Cyclosporine, a T-lymphocyte specific immunosuppressant, 
blocks a calcium-dependent signal transduction pathway, thus 
preventing IL-2 transcription and interrupting T-cell activation 
[41]. As a potent T-cell inhibitor, cyclosporine perioperative use 
can present complications including opportunistic infections, sei-
zures, and wound dehiscence. However, the available literature 
regarding cyclosporine perioperative management is quite scarce 
and contradictory. While one study implicates cyclosporine use in 
causing a significantly increased risk of post-operative complica-
tions (albeit through a coincidental analysis) [38], other studies 
investigating cyclosporine use and Inflammatory Bowel Disease 
found no increased risk of operative complications with pre-op-
erative cyclosporine regimens [42]. As such, it is recommended 
that patients adhering to pre-operative cyclosporine regimens are 
carefully observed for deterioration in renal function or opportu-
nistic infections. At the discretion of the surgeon and based upon 
individual patient conditions, cyclosporine may be discontinued 
relative to dosage amount and cyclosporine half-life (8.4 hours) 
[36]. If discontinued, cyclosporine is resumed when the surgical 
wounds have successfully healed (when approved by the surgeon) 
[40].

Hydroxychloroquine (Plaquenil)

Hydroxychloroquine increases the pH within intracellular vac-
uoles of antigen-presenting cells, thus altering intracellular pro-
cesses and interfering with antigen processing in these cells [43]. 
It was subsequently postulated that hydroxychloroquine also in-
hibits the Toll-Like Receptor (TLR) 9 family of receptors- cellular 
receptors that mediate the inflammatory response [44]. Studies 
consistently note no increased risk of infectious complications and 
few potential side effects with Hydroxychloroquine continuation 
[45,46]. Thus, Hydroxychloroquine regimens are typically contin-

ued during the perioperative period, if the patient can continue oral 
medications [47]. 

Leflunomide (Arava)
Leflunomide, a selective inhibitor of de novo pyrimidine synthe-

sis, reversibly inhibits Dihydroorotate Dehydrogenase (DHODH). 
In doing so, Leflunomide prevents lymphocytes from accumulat-
ing sufficient pyrimidines for DNA synthesis, and thus prolifera-
tion [48]. The current literature presents conflicting data regarding 
Leflunomide perioperative management. While one study indicates 
no significant difference in infectious complications between pa-
tients who continued Leflunomide and those who did not [49], 
another study points to an increased risk of post-operative wound 
complication with Leflunomide continuation [50]. Thus, based on 
the discretion of the surgeon and primary care physician, Lefluno-
mide is discontinued 2 months pre-operatively, if at all, due to its 
long half-life (1 - 4 weeks) [47]. If discontinued, Leflunomide is re-
sumed 1 week post-operatively or when the surgical wounds have 
successfully healed (when approved by the surgeon) [47].

Sulfasalazine (Azulfidiine)

While the exact mechanism of action of Sulfasalazine in the 
treatment of autoimmune diseases has not yet been identified, 
it has been postulated that Sulfapyridine (an active agent in Sul-
fasalazine) reduces secretions of inflammatory cytokines such as 
interleukin (IL)-8 and monocyte chemoattractant protein (MCP)-1 
[51]. Through retrospective review, Sulfasalazine is typically asso-
ciated with a lower risk of perioperative infection [52]. Based on in-
dividual patient circumstances and the physician’s discretion, Sul-
fasalazine is discontinued 1 week pre-operatively, if at all [47,53]. 
If discontinued, sulfasalazine is resumed when the surgical wounds 
have successfully healed (when approved by the surgeon) [47].

Tumor necrosis factor (TNF)-α antagonists: Etanercept, 
infliximab, adalimumab

TNF-α, a systemic cytokine with a diversity of biological func-
tions, plays a critical role in inducing lymphocyte proliferation 
and inflammation characteristic of rheumatoid arthritis and other 
autoimmune conditions that warrant the need for spinal surgery. 
The discovery of its role in autoimmune conditions prompted the 
advent of TNF-α antagonists including: Infliximab, Etanercept, and 
Adalimumab [54]. Infliximab (Remicade) is a monoclonal antibody 
specific for TNF-α that prevents the cytokine from triggering cel-
lular TNF-α receptor complexes. Etanercept (Enbrel) is a chemical 
antagonist that binds to circulating TNF-α cytokines and deacti-
vates them. Adalimumab (Humira) is a monoclonal antibody spe-
cific for TNF-α that prevents the cytokine from binding to cellular 
TNF-α receptors. Infliximab, Etanercept, and Adalimumab thera-
pies are all most effective when administered in conjunction with 
Methotrexate [55].

Studies indicate a correlation between TNF-α inhibitor use and 
an increased risk of serious skin and soft tissue infections (SSTIs) 
in non-surgical patients (with no difference between the three 
major TNF-α inhibitor medications) [56]. This raises the concern 
that TNF-α antagonists may promote surgical site infections (a 
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major cause of surgical morbidity). The current literature pres-
ents conflicting information regarding the complications TNF-α 
antagonist regimens may present during the perioperative period. 
While most studies indicate no statistically significant correlation 
between surgical site infection and TNF-α antagonist use/disuse 
[57,58], a few associate TNF-α inhibitor therapy with serious post-
operative infection (e.g. septic arthritis, osteomyelitis, deep wound 
infection) [59]. While clinical guidelines regarding TNF-α inhibi-
tor perioperative management vary, it is generally recommended 
that the regimen is discontinued at least 2 weeks pre-operatively 
[47]. If discontinued, TNF-α antagonists are resumed 1 week post-
operatively or when the surgical wounds have successfully healed 
(when approved by the surgeon) [59].

Rituximab (Rituxan)
Rituximab is a monoclonal antibody specific to the CD20 mol-

ecule on B-lymphocyte surfaces. Through mediation of antibody-

Medication Pre-Operative Discontinuation Post-Operative Resumption

Methotrexate (Trexall)
1 week pre-operatively (with concerns 

of renal insufficiency or  
myelosuppression).

1 week post-operatively or when the surgical wounds have 
successfully healed.

Cyclosporine (Neoral, Sand-
immune)

Relative to dosage amount and c 
yclosporine half-life (8.4 hours).

If discontinued, cyclosporine is resumed when the surgical 
wounds have successfully healed.

Hydroxychloroquine 
(Plaquenil)

May be continued perioperatively.

Leflunomide (Arava) 2 months pre-operatively, if at all. 1 week post-operatively or when the surgical wounds have 
successfully healed.

Sulfasalazine (Azulfidiine) 1 week pre-operatively, if at all. If discontinued, sulfasalazine is resumed when the surgical 
wounds have successfully healed (at surgeon’s discretion).

Tumor Necrosis Factor 
(TNF)-α Antagonists: Etan-
ercept, Infliximab, Adalim-
umab

≥ 2 weeks pre-operatively. 1 week post-operatively or when the surgical wounds have 
successfully healed (at surgeon’s discretion).

Rituximab (Rituxan)

- 1 - 2 treatment cycles pre-operatively.

- If patient is dosed within 100 days 
of spinal surgery, Ig levels must be 

monitored and supplemented if levels 
fall too low

When the surgical wounds have successfully healed (at sur-
geon’s discretion).

dependent cellular cytotoxicity, complement-system activation, 
and B cell apoptosis, Rituximab effectively depletes mature B-cells 
and pre-B cells to depress immune function [60]. Through B-cell 
suppression, Rituximab therapy has been correlated with an in-
creased incidence of perioperative complications including: deep/
superficial surgical infections, delayed wound healing, and oppor-
tunistic infections, with no significant link between the time of pre-
operative rituximab discontinuation and surgery [61]. For patients 
considering elective spinal surgery, it is advised that rituximab 
therapy is discontinued for 1 - 2 treatment cycles pre-operatively to 
replenish B-cell stores. If dosed within 100 days of spinal surgery, 
Immunoglobulin (Ig) levels must be monitored, and supplemented 
with intravenous Ig if levels fall too low [62]. Rituximab may be re-
sumed when the surgical wounds have successfully healed (when 
approved by the surgeon) [62].

Table 3: Immunosuppressant use overview.

Due to the invasive nature of spinal surgery, and the various 
medications that potentially effect spinal surgical outcomes, it is 
imperative that providers review patient medications for proper 
management during the perioperative period. In the future, addi-
tional research for new classes of drugs and medications where 
literature is currently scarce will help to reduce hospital admission 
lengths, complications post-operation, and even death. 

Conclusion
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this paper.
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