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a b s t r a c t 

Background: Venous thromboembolism (VTE), including deep vein thrombosis (DVT) and pulmonary embolism 

(PE), is a potentially devastating complication after surgery. Spine surgery is associated with an increased risk of 

postoperative bleeding, such as spinal epidural hematomas (SEH), which complicates the use of anticoagulation. 

Despite this dilemma, there is a lack of consensus around perioperative VTE prophylaxis. This systematic review 

investigates the relationship between chemoprophylaxis and the incidence rates of VTE and SEH in the elective 

spine surgical population. 

Methods: A comprehensive literature search was performed using PubMed, Embase, and Cochrane databases to 

identify studies published after 2,000 that compared VTE chemoprophylaxis use in elective spine surgery. Studies 

involving patients aged < 18 years or with known trauma, cancer, or spinal cord injuries were excluded. Pooled 

incidence rates of VTE and SEH were calculated for all eligible studies, and meta-analyses were performed to 

assess the relationship between chemoprophylaxis and the incidences of VTE and SEH. 

Results: Nineteen studies met our eligibility criteria, comprising a total of 220,932 patients. The overall pooled 

incidence of VTE was 3.2%, including 3.3% for DVT and 0.4% for PE. A comparison of VTE incidence between 

patients that did and did not receive chemoprophylaxis was not statistically significant (OR 0.97, p = .95, 95% CI 

0.43–2.19). The overall pooled incidence of SEH was 0.4%, and there was also no significant difference between 

patients that did and did not receive chemoprophylaxis (OR 1.57, p = .06, 95% CI 0.99–2.50). 

Conclusions: The use of perioperative chemoprophylaxis may not significantly alter rates of VTE or SEH in the 

elective spine surgery population. This review highlights the need for additional randomized controlled trials to 

better define the risks and benefits of specific chemoprophylactic protocols in various subpopulations of elective 

spine surgery. 
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Venous thromboembolism (VTE), including deep vein thrombo-

is (DVT) and pulmonary embolism (PE), is a dangerous and po-

entially life-threatening complication associated with spine surgery

1] . Although VTE is a known risk, incidence rates following spinal

urgery have been poorly defined, with reported rates from 0.2%-

1% [2–4] . Such a wide range of incidence relates to varying degrees

f risk affiliated with different types of spine surgery, with rates of

VT and PE in elective surgery being as low as 1.09% and 0.06%,

espectively [5] . 
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Given the potential for this significant complication, surgeons must

eigh the benefits of VTE prophylaxis against the risks. Mechanical

ethods, such as external compression devices, can be used with lit-

le to no danger to the patient and are generally accepted preventive

easures [6] . Research has suggested, however, that chemical antico-

gulants may be even more effective at minimizing the risk of VTE [5 , 7] .

he use of anticoagulants, however, must be balanced against the risk

f bleeding complications including spinal epidural hematomas (SEH)

8] . Although SEHs are infrequent, they can cause devastating neuro-

ogic injury [9] , leading many surgeons to avoid the use of anticoagu-

ants during elective spinal surgery [10] . When VTE chemoprophylaxis
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s used, the optimal timing of administration to maximize the benefits

f anticoagulation whereas minimizing bleeding risks remains unclear

11 , 12] . 

Guidelines regarding the use of chemoprophylaxis in spine surgery

ave generally discouraged their use [6 , 11] . In 2009, the North Ameri-

an Spine Society found insufficient evidence in the literature at that

ime to recommend the routine use of chemoprophylaxis in patients

ndergoing elective spine surgery [11] . Similarly, in 2012, the Amer-

can College of Chest Physicians recommend mechanical prophylaxis

ver chemoprophylaxis, or no prophylaxis, with the addition of chemo-

rophylaxis only for high-risk patients (eg, those undergoing combined

nterior and posterior approach, or in the case of paralysis, multiple

rauma, malignancy, spinal cord injury, or hypercoagulable states) [6] .

Although multiple studies have investigated the benefits of chemo-

rophylaxis in spine surgery, the results have been contradictory. Some

ave reported no difference in VTE incidence among those who did and

id not receive chemoprophylaxis [13 , 14] , although others have found

hat chemoprophylaxis was associated with a lower incidence of VTE

15 , 16] . Even in the case of systematic reviews and meta-analyses, the

ndings have been inconclusive and conflicting. A recent review by El-

enbogen et al. [7] looked at 7 spine studies and found a significant

ecrease in postoperative DVT with chemoprophylaxis versus no chemo-

rophylaxis (RR 0.42, 95% CI 0.21–0.86). In contrast, Mosenthal et al.

1] conducted a meta-analysis of 28 spine surgery studies and found

o significant differences in rates of VTE in patients receiving no pro-

hylaxis, including mechanical prophylaxis, and/or chemoprophylaxis.

ost reviews conducted to date are weakened by the inclusion of all

ypes of spine surgery. For example, studies that include patients with

nown individual risk factors for DVT and PE [17 , 18] , such as trauma,

ancer, or spinal injuries, add confounding populations to the overall

eview and limit the generalizability of any conclusions they are able to

raw [12] . 

Venous thromboembolism chemoprophylaxis in elective spine

urgery continues to be an active area of research and multiple high-

uality studies have been published in this population over the last few

ears. Given the availability of additional studies, the inconclusive find-

ngs of previous analyses, and the continued controversy around the

ptimum method and timing of VTE prophylaxis during elective spinal

urgery, additional analysis is warranted. The purpose of this review is

o determine the overall incidence rates of VTE and SEH following elec-

ive spine surgery, and to assess how these rates are affected by the use

f chemical thromboprophylaxis. This review has the potential to edu-

ate clinicians and influence the development of clinical guidelines on

he use of pharmacologic anticoagulation in elective spine surgery. 

ethods 

tudy design 

A systematic literature review was performed in accordance with the

referred Reporting Items for Systematic Reviews and Meta-Analyses

uidelines [19] . Before performing the literature search, a study pro-

ocol was established and disclosed in the International Prospec-

ive Register of Systematic Reviews database in May of 2022 (ID:

RD42022321575). 

earch strategy 

Literature searches were performed in 3 databases including

ubMed, EMBASE, and Cochrane through July 2023. The research

as focused on studies comparing the use of chemical prophylaxis

nd no chemical prophylaxis in patients undergoing elective spine

urgery. Boolean operators were used to combine a variety of key terms

uch as “prophylaxis, ” “spine-surgery, ” “venous-thromboembolism, ”

nd “spinal-epidural-hematoma ”. The search strategy used for each

atabase is provided in Supplementary Table 1. 
2 
tudy screening 

A comprehensive database search identified a total of 782 studies.

itles and abstracts were screened by 2 independent reviewers and du-

licate studies were removed. Full articles were then assessed to confirm

ligibility and any disagreements were resolved by a third reviewer.

he bibliographies of relevant articles were routinely reviewed for po-

entially eligible studies. Of the 735 articles screened for eligibility, 19

tudies were included in this review. 

nclusion and exclusion criteria 

Studies published between January 2000 and July 2023 that com-

ared clot-related complications in patients undergoing elective spinal

urgery were assessed for eligibility. Studies were excluded for the

ollowing reasons: (1) patients under 18 years old, (2) insufficient

etails on surgery or outcomes, (3) spine trauma surgery, (4) opin-

ons/editorials/letters, abstracts/conference posters, technical reports,

ystematic reviews/meta-analyses, nonclinical papers (in vitro, in vivo,

nimal, in silico), (5) case report/series with < 5 patients, (6) English

ranslation unavailable, and (7) unrelated studies. 

isk of bias 

The Newcastle-Ottawa Scale (NOS) was used to assess risk of bias of

he nonrandomized cohort and case-control studies that were included

n the meta-analysis [20] . The Cochrane risk of bias tool 2.0 was used

o assess risk of bias for randomized controlled trials (RCT) [21] . Risk

f bias for each study was independently assessed by 2 reviewers. Final

ecisions and disagreements were adjudicated by a third reviewer. 

ata collection 

Baseline patient information was extracted by 2 reviewers including

ge, sex, and body-mass index (BMI). Information on VTE prophylaxis

ncluded type of chemical anticoagulant, dose, the number and timing of

oses, and the use of concomitant mechanical prophylaxis. Operative in-

ormation was collected on the operative spinal region, procedure type,

urgical approach, number of levels operated, mean operative time, and

ean blood loss. The primary outcomes of interest were the incidences

f VTE (including DVT and PE) and SEH. 

tatistical analysis 

A meta-analysis of the primary outcomes (VTE and SEH) was per-

ormed to compare cohorts that received chemical prophylaxis with

hose that did not. Studies were excluded from the meta-analysis if

hey had insufficient outcome data, disproportional outcome data (case-

ontrol studies), or if they did not directly compare a chemoprophylaxis

roup to a control group that did not receive chemoprophylaxis. A total

f 16 studies were included in the analysis of VTE incidence and 13 stud-

es were included in the analysis of SEH incidence. The Mantel-Haenszel

dds ratio (OR) estimates were used for dichotomous variables. Hetero-

eneity was reported using the I2 statistic. A random effects model was

sed when the I2 statistic was over 50%, otherwise a fixed-effect model

as used. Odds ratios were calculated with 95% confidence intervals to

ncorporate a measure of effect size. Meta-analysis was performed us-

ng Review Manager (RevMan, Version 5.4.1. Copenhagen: The Nordic

ochrane Centre, The Cochrane Collaboration, 2014). 

esults 

tudy selection 

A total of 782 articles were identified from the comprehensive

atabase search and an additional 15 were identified from bibliogra-
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Fig. 1. Preferred reporting items for systematic reviews and meta-analyses flow diagram depicting the study selection strategy. 
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Table 3 . 
hies of relevant studies. After eligibility criteria were confirmed, a to-

al of 19 studies were included in our review. The preferred reporting

tems for systematic reviews and meta-analyses guidelines flow diagram

etailing the study selection process is illustrates in Fig. 1 [22] . 

tudy characteristics 

Baseline characteristics of the included studies are illustrated in

able 1 . Publication dates ranged from October 2009 to February 2023.

here were 11 retrospective cohort studies, 1 case series, 1 retrospective

ase-control study, 1 prospective cohort study, and 5 RCTs. Countries of

rigin included the United States (52.6%), China (15.8%), United King-

om (10.5%), Iran (10.5%), Canada (5.3%), and Australia (5.3%). Four-

een studies used patient data from single-center institutional popula-

ions, with an average sample size of 1,145 [14 , 23–27 , 28–31 , 32–34 , 35] .

wo studies used data from national databases, comprising an average

ample size of 101,864 [36 , 37] . Collectively, a total of 220,932 patients

ho underwent elective spinal surgeries were included. Of these, 18.2%

40,306) were managed with chemoprophylactic anticoagulation and

1.8% (180,626) received no chemoprophylactic anticoagulation. 

A variety of chemical anticoagulant medications and dosing regi-

ens were studied. Types of chemoprophylactic agents included aspirin,

eparin, low molecular weight heparin (LMWH), factor Xa inhibitors,

irect thrombin inhibitors, and warfarin. The most common chemopro-

hylaxis agent used was LMWH, with 5 (26.3%) studies exclusively com-

aring the use of LMWH against no chemoprophylaxis. Two RCTs looked

t the administration of intraoperative tranexamic acid with and with-

ut the use of postoperative Rivaroxaban [32 , 38] . Timing of chemopro-

hylaxis initiation was reported in all but 2 studies [14 , 31] and ranged

rom within 12 hours preoperatively to within 5 days postoperatively

26 , 37] . The most common period to begin anticoagulation was post-

perative day 1, with 4 (23.5%) studies [23 , 25 , 33 , 34] initiating chemo-
3 
rophylaxis strictly on postoperative day 1. The timing of initiation for

ach individual group is listed in Table 1 . 

aseline patient characteristics 

Mean patient age ranged from 47 to 66 years [28 , 31] among the 7

tudies that reported average age for the entire sample [14 , 25 , 27–31] .

ost patients were women in 8 of the 13 studies that reported sex

25 , 27 , 28 , 30 , 33 , 34 , 38 , 39] . The average BMI was 29.3, although

ample-wide BMI averages were only reported in 5 (26.3%) studies

14 , 27 , 29 , 31 , 34] . A full list of study-level patient characteristics is

rovided in Table 2 . Indications for spine surgery varied from degener-

tive disc disease to spinal canal stenosis and disc herniation. The most

ommon spinal region being operated on was lumbar, with 7 (37%)

tudies exclusively studying elective lumbar procedures. Most studies

xcluded patients with known risk factors for thrombosis, however,

xclusion criteria were not consistent across studies. 

utcomes 

enous thromboembolism 

The overall pooled incidence of VTE, regardless of whether prophy-

axis was used, was 3.2%. We identified one outlier with a high overall

ncidence of 32.5%, and this study was removed from pooled incidence

alculations [40] . The incidence of VTE among patients that received

hemoprophylaxis (including all chemoprophylaxis types) was 2.9%,

ompared with 3.6% in patients that did not receive any chemopro-

hylaxis. On the basis of the meta-analysis, there was no significant dif-

erence in the incidence of VTE ( Fig. 2 ) between patients that received

hemical prophylaxis and those that did not (OR 0.97, p = .95, 95% CI

.43–2.19). Incidence rates of VTE for each study arm are illustrated in
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Table 1 

Study characteristics. 

Study Study 

design 

Group (chemoprophylaxis type) Sample size (n) Dose Timing of initial dose Mechanical 

prophylaxis 

Nicol et al. [23] R 1. Aspirin (or LMWH in high-risk 

patients) 

414 150 mg POD 1 TED 

2. None 697 - - Variable 

Cunningham et al. [24] RCT 1. Heparin 1,428 5,000 U Preoperative - 

2. None 2,442 - - - 

Yang et al. [25] R 1. LMWH 721 4,100 U POD 1 Yes (unspecified) 

2. None 140 - - Yes (unspecified) 

Hamidi et al. [26] RCT 1. LMWH 49 40 mg Within 12 h 

preoperatively 

TED 

2. None 40 - - TED 

Weber et al. [27] CS 1. LMWH 40 - 4–6 h postoperatively TED and SCD 

2. None 68 - - TED and SCD 

Fawi et al. [28] R 1. LMWH 689 40 mg 6 h postoperatively TED 

2. None 1,677 - - TED 

McLynn et al. [14] R 1. Chemoprophylaxis ∗ 1,602 - - SCD 

2. None 1,253 - - SCD 

Zhang et al. [38] RCT 1. TXA 151 TXA:1 g Intraoperative SCD 

2. Rivaroxaban 141 Rivaroxaban:10 mg Postoperative SCD 

3. TXA + Rivaroxaban 169 TXA: 1 g; Rivaroxaban: 10 

mg 

TXA:intraoperative; 

Rivaroxaban: 

postoperative 

SCD 

4. Placebo (0.9%NaCl) 138 100 mL Intraoperative SCD 

Shapiro et al. [29] P 1. LMWH (Enoxaparin) 55 40 mg 24–36 h postoperatively SCD and TED 

2. None 211 - - SCD 

Fourman et al. [39] R 1. Aspirin 102 Aspirin: 325 mg POD 2 SCD 

2. Aspirin + Fondaparinux 275 Aspirin: 325 mg; 

Fondaparinux: 2.5 mg 

POD 2 SCD 

Zervos et al. [40] CC 1. Heparin 165 5,000 U Postoperative - 

2. None 35 - - - 

Kiguchi et al. [30] R 1. Heparin ≤ 24 h 105 5,000 U ≤ 24 h postoperatively SCD (88.6%) 

2. Heparin > 24 h 70 5,000 U > 24 h postoperatively SCD (78.6%) 

3. None 241 - - SCD (75.5%) 

Thota et al. [31] R 1. Chemoprophylaxis 

(unspecified) 

888 - - - 

2. None 888 - - - 

Li et al. [32] RCT 1. TXA 212 2 g TXA: intraoperative Yes (unspecified) 

2. TXA + Rivaroxaban 218 TXA: 2 g; Rivaroxaban: 10 

mg 

TXA: intraoperative; 

Rivaroxaban: 

postoperative 

Yes (unspecified) 

3. Placebo (0.9%NaCl) 227 - 15 min before skin 

incision 

Yes (unspecified) 

Fiasconaro et al. [36] R 1. Aspirin 1,872 - POD 0 - 

2. Heparin 26,758 - POD 0 - 

3. LMWH 888 - POD 0 - 

4. Warfarin 137 - POD 0 - 

5. Multiple anticoagulants 942 - POD 0 - 

6. None 53,242 - POD 0 - 

Pirkle et al. [37] R 1. Chemoprophylaxis (all types) 1,168 - Within 5 d 

postoperatively 

- 

2. None 118,720 - - - 

Macki et al. [33] R 1. LMWH 281 40 mg/kg POD 1 SCD 

2. Unfractionated heparin 281 5,000 U POD 1 SCD 

Nikouei et al. [34] RCT 1. Aspirin 41 325 mg POD 1 - 

2. None 41 - - Yes (unspecified) 

Cloney et al. [35] R 1. Chemoprophylaxis 

(unfractionated heparin or 

LMWH or fondaparinux) 

444 Unfractionated heparin: 

5000 U; enoxaparin: 40mg; 

dalteparin: 2,500 U or 5,000 

U; fondaparinux: 2.5 mg 

POD 1–3 SCD 

2. None 566 - SCD 

-, not reported; R, retrospective cohort; RCT, randomized controlled trial; CS, case series; P, prospective cohort; CC, case-control; LMWH, low molecular weight 

heparin; TXA, tranexamic acid; POD, postoperative day; SCD, sequential compression device; TED, thromboembolic deterrent stockings; BMI, body-mass index; VTE, 

venous thromboembolism; DVT, deep vein thrombosis; PE, pulmonary embolism; SEH, spinal epidural hematoma. 
∗ Unfractionated heparin (97.1%), LMWH (2.5%), warfarin (0.3%). 
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eep vein thrombosis and pulmonary embolism 

Among studies that reported DVT and PE outcomes independently,

he overall pooled incidence rates were 3.3% and 0.4%, respectively.

atients managed with chemoprophylaxis had a DVT incidence of 2.7%,

hereas those who were not had an incidence of 3.9%. The incidence

f PE in the chemoprophylaxis group was 0.2% compared with 0.3% in

ontrols. 
4 
pinal epidural hematomas 

Of the 16 studies that reported SEH as an outcome, the overall inci-

ence was 0.4%. This rate did not change regardless of whether patients

eceived chemoprophylaxis or not. Based on the meta-analysis, there

as no significant difference in the incidence of SEH ( Fig. 3 ) between

he two groups (OR 1.57, p = .06, 95% CI 0.99–2.50). Study-specific in-

idence rates for SEH are illustrated in Table 3 . 
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Table 2 

Study-specific patient characteristics. 

Study Group (chemoprophylaxis type) Age (y) Women BMI (kg/m2 ) Operative spinal region (n) 

Nicol et al. [23] 1. Aspirin - - - All lumbar 

2. None - - - 

Cunningham et al. [24] 1. Heparin - - - Cervical, thoracic, thoracolumbar 

2. None - - - 

Yang et al. [25] 1. LMWH - - - Cervical, thoracic, lumbar 

2. None - - - 

Hamidi et al. [26] 1. LMWH 53.4 ± 15.7 21 (42.9) 27.2 ± 4.0 Cervical (8), thoracic (1), lumbar (29), multi (2) 

2. None 50.1 ± 13.8 22 (55.0) 27.1 ± 4.1 Cervical (12), thoracic (1), lumbar (35), multi (1) 

Weber et al. [27] 1. LMWH 58 ± 12.0 56 (52.3) 29.8 ± 6.1 All lumbar 

2. None - - - 

Fawi et al. [28] 1. LMWH 46.8 353 (51.2) - Thoracic, thoracolumbar, lumbar 

2. None - 944 (56.3) - 

McLynn et al. [14] 1. Chemoprophylaxis 56.0 ± 14.7 1364 (47.8) 29.5 ± 5.7 Cervical, thoracic, lumbar 

2. None - - - 

Zhang et al. [38] 1. TXA 54.7 ± 9.9 94 (62.3) 25.8 ± 3.3 All lumbar 

2. Rivaroxaban 59.2 ± 10.2 85 (60.3) 25.9 ± 3.5 

3.TXA + Rivaroxaban 58.3 ± 10.5 117 (69.2) 25.4 ± 3.3 

4. Placebo 57.0 ± 10.2 91 (66.0) 25.2 ± 3.5 

Shapiro et al. [29] 1. LMWH 56.8 ± 13.7 - 30.3 ± 6.3 Cervical, thoracolumbar 

2. None - - - 

Fourman et al. [39] 1. Aspirin 59.0 ± 14.5 - 30.8 ± 7.7 Thoracolumbar, lumbar, lumbosacral 

2.Aspirin + Fondaparinux 61.7 ± 13.0 - 31.3 ± 6.7 

Zervos et al. [40] 1. Heparin 61.1 ± 12.3 - 30.7 ± 5.7 Cervical (23), lumbar (42) 

2. None 65.5 ± 12.1 - 31.6 ± 7.1 Cervical (48), lumbar (87) 

Kiguchi et al. [30] 1. Heparin ≤ 24 h 57.8 ± 12.5 69 (65.7) - All lumbar 

2. Heparin > 24 hours 61.2 ± 11.2 50 (71.4) - 

3. None 61.3 ± 12.8 150 (62.2) - 

Thota et al. [31] 1. Chemoprophylaxis 66.6 ± 12.1 411 (46.3) 29.8 ± 6.0 - 

2. None 65.7 ± 13.2 411 (46.3) 29.5 ± 6.1 - 

Li et al. [32] 1. TXA 55.5 ± 10.6 138 (65.1) 25.7 ± 3.3 All lumbar 

2.TXA + Rivaroxaban 56.8 ± 10.5 140 (64.2) 25.8 ± 3.3 

3. Placebo 55.3 ± 10.4 143 (63.0) 25.7 ± 3.6 

Fiasconaro et al. [36] 1. Aspirin - - - Cervical, lumbar 

2. Heparin - - - 

3. LMWH - - - 

4. Warfarin - - - 

5. Multiple anticoagulants - - - 

6. None - - - 

Pirkle et al. [37] 1. Chemoprophylaxis - - - Cervical, lumbar 

2. None - - - 

Macki et al. [33] 1. LMWH 60.9 ± 12.2 144 (51.2) - Cervical, cervicothoracic, thoracic, thoracolumbar, lumbar 

2. Unfractionated heparin 60.8 ± 12.3 166 (59.1) - 

Nikouei et al. [34] 1. Aspirin 63.2 ± 7.1 25 (61.0) 26.5 ± 4.1 All lumbar 

2. None 64.3 ± 6.6 27 (65.9) 27.6 ± 5.9 

Cloney et al. [35] 1. Chemoprophylaxis - 181 (54.7) - All lumbar 

2. None - 146 (59.9) - 

-, not reported; LMWH, low molecular weight heparin; TXA, tranexamic acid; POD, postoperative day; BMI, body-mass index. 

Data presented as n (%) or mean ± standard deviation unless otherwise stated. 
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uality assessment 

The Newcastle-Ottawa Scale (NOS) was performed for the 12 non-

andomized cohort and case-control studies that were included in the

eta-analyses ( Table 4 ) [20] . The mean NOS score was 7.6 ± 1.3. Ten

f 12 studies were classified as good quality, one was fair quality, and

ne was poor quality. Each of the 4 randomized controlled studies were

ssessed by the Cochrane Risk of Bias 2.0 Tool ( Fig. 4 ) [21] . All four

ere found to have an overall low risk of bias, despite 2 studies raising

ome concern for the randomization process. Both studies randomized

atients based on the stratification of their risk factors to ensure that

nly patients deemed to have a high-risk of thrombosis were selected

or the groups receiving chemical anticoagulation [32 , 38] . 

iscussion 

Venous thromboembolism is a common postoperative complication

hat can raise the risks of morbidity and mortality [7 , 11] . Because of

his, prevention of VTE has been heavily studied among other orthope-

ic and trauma surgery populations [12] . For instance, there is robust

vidence to suggest that prophylactic anticoagulation significantly re-

uces the occurrence of VTE after hip and knee arthroplasty [41] . The
 0  

5 
fficacy of prophylactic anticoagulation in spine surgery, however, is

ot well defined. Despite clinical guidelines set forth by the National

cademy of Spine Surgeons in 2009, there is still no consensus about

erioperative VTE prophylaxis among the spine community [12 , 42] . To

ddress this lack of consensus, AO Spine conducted a global survey to

auge current attitudes and practices of spine surgeons towards prophy-

actic anticoagulation. Among 316 respondents, 70.3% routinely used

isk-stratification techniques when deciding whether to use anticoag-

lation, but only 14.4% cited clinical guidelines as their main source

or stratification. However, 91.8% of surgeons reported that they would

dopt anticoagulation guidelines if they were to be established [42] .

lthough the majority of research on this topic has focused on hospital-

zed patients, numerous studies in recent years have looked specifically

t elective surgery populations. Therefore, the purpose of this review

as to summarize the incidence rates of VTE and SEH in the context of

rophylactic anticoagulation use in elective spine surgery. 

We analyzed a total of 19 studies (220,932 patients) and found the

verall rate of VTE to be 3.2% after a single outlier was removed. Pa-

ients that received some form of chemical anticoagulation were only

lightly less likely to experience a VTE event (OR 0.97) compared with

hose that did not, and this result was not significant (p = .95, 95% CI

.43–2.19). The overall incidence rate of SEH was low at 0.4%, which
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Fig. 2. Forest plot depicting meta-analysis results for the comparison of VTE incidence between patients that did and did not receive perioperative VTE chemopro- 

phylaxis. VTE, venous thromboembolism. 

Fig. 3. Forest plot depicting meta-analysis results for the comparison of SEH incidence between patients that did and did not receive perioperative VTE chemopro- 

phylaxis. VTE, venous thromboembolism; SEH, spinal epidural hematomas. 
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h  
s consistent across other reviews. The use of anticoagulant medications

id not increase the incidence of SEH in this population. In fact, the odds

f SEH were higher among patients that did not receive chemoprophy-

axis (OR 1.57), although this was marginally insignificant (p = .06, 95%

I 0.99–2.50). 

Some of the included studies had substantially higher incidence rates

f VTE than others. Studies that used routine postoperative screening

or thrombosis with ultrasonography, regardless of symptomatic events,

onsistently reported higher rates of VTE for both groups [25 , 32 , 38] .

wo RCTs assigned patients to groups based on a scored preoperative

isk of thrombosis, whereby patients at high risk of thrombosis (as de-

ermined by an Autar score > 10) received chemoprophylaxis postoper-

tively. Nonetheless, the rates of VTE among these chemoprophylaxis

roups (9.8% and 6.5%) were higher than rates seen in most other stud-

es [32 , 38] . Zervos et al. [40] was identified as an outlier caused by an

nusually high overall incidence rate of 32.5%. This was a case-control

tudy that selectively reviewed 65 cases of postoperative DVT compared

ith 135 matched controls without DVT, which led to a skewed calcu-

ation of incidence in the context of this review. 

Other systematic reviews have assessed the elective surgery popu-

ation with varying results. After analyzing 14 studies, Sansone et al.
6 
5] also found that the use of chemoprophylaxis significantly re-

uced the prevalence of DVT relative to either mechanical prophylaxis

p = .047) or no prophylaxis (p < .01). Our results are supported by Schus-

er et al. [43] , who performed a systematic review of elective thora-

olumbar surgeries and found that the use of chemoprophylaxis did not

hange the risk of VTE, although only 2 studies were included in their

eview [44] . The most recent systematic review involving elective spine

urgery was published by Colomina et al. [12] in 2020 and included

 studies, however the authors were unable to reach a clear conclu-

ion about the advantages and disadvantages of chemoprophylaxis. Of

ote, this review excluded studies that contained groups of patients that

id not receive chemoprophylaxis. Because of that, an additional 3 RCT

nd 4 retrospective cohort studies investigating the role of prophylac-

ic anticoagulation in elective spine surgery have been published. This

ighlights the growing relevance of this topic and further supports the

eed for an updated review. 

Unlike Mosenthal et al. [1] , our review did not stratify analyses based

n the use of mechanical prophylaxis. Instead, we compared patients

hat did or did not receive chemoprophylaxis, regardless of whether me-

hanical prophylaxis was used. Postoperative mechanical prophylaxis

as become a standard of care for most operative procedures, which is
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Table 3 

Study-specific incidence rates of VTE and SEH. 

Study Group (chemoprophylaxis type) VTE (both DVT + PE) DVT PE SEH 

Nicol et al. [23] 1. Aspirin 1 (0.2) 1 (0.2) 0 (0) - 

2. None 2 (0.3) 2 (0.3) 0 (0) - 

Cunningham et al. [24] 1. Heparin 9 (0.6) - - 7 (0.5) 

2. None 10 (0.4) - - 9 (0.4) 

Yang et al. [25] 1. LMWH 97 (13.5) 97 (13.5) 0 (0) 2 (0.3) 

2. None 7 (5) 7 (5) 0 (0) 0 (0) 

Hamidi et al. [26] 1. LMWH 1 (2) 0 (0) 1 (2) 0 (0) 

2. None 2 (5) 2 (5) 0 (0) 1 (2.5) 

Weber et al. [27] 1. LMWH 0 (0) 0 (0) 0 (0) 0 (0) 

2. None 4 (5.9) 2 (2.9) 2 (2.9) 0 (0) 

Fawi et al. [28] 1. LMWH 0 (0) 0 (0) 0 (0) 0 (0) 

2. None 10 (0.6) 1 (0.1) 9 (0.5) 0 (0) 

McLynn et al. [14] 1. Chemoprophylaxis 22 (1.4) - - 10 (0.6) 

2. None 13 (1) - - 1 (0.1) 

Zhang et al. [38] 1. TXA 20 (13.2) 20 (13.2) 0 (0) 0 (0) 

2. Rivaroxaban 3 (2.1) 3 (2.1) 0 (0) 0 (0) 

3. TXA + Rivaroxaban 7 (4.1) 7 (4.1) 0 (0) 0 (0) 

4. Placebo 19 (13.8) 19 (13.8) 0 (0) 0 (0) 

Shapiro et al. [29] 1. LMWH 0 (0) 0 (0) 0 (0) 0 (0) 

2. None 1 (0.5) 1 (0.5) 0 (0) 2 (0.9) 

Fourman et al. [39] 1. Aspirin 5 (4.9) 3 (2.9) 2 (2.0) 0 (0) 

2.Aspirin + Fondaparinux 1 (0.4) 0 (0) 1 (0.4) 0 (0) 

Zervos et al. [40] 1. Heparin 57 (34.5) 57 (34.5) - 1 (0.6) 

2. None 8 (22.9) 8 (22.9) - 0 (0) 

Kiguchi et al. [30] 1. Heparin ≤ 24 h 2 (1.9) - - - 

2. Heparin > 24 h 2 (2.9) - - - 

3. None 8 (3.3) - - - 

Thota et al. [31] 1. Chemoprophylaxis 8 (0.9) - 3 (0.3) 18 (2.0) 

2. None 9 (1) - 3 (0.3) 2 (0.2) 

Li et al. [32] 1. TXA 34 (16.0) 34 (16) 0 (0) 0 (0) 

2. TXA + Rivaroxaban 8 (3.7) 8 (3.7) 0 (0) 0 (0) 

3. Placebo 36 (15.9) 36 (15.9) 0 (0) 0 (0) 

Fiasconaro et al. [36] 1. Aspirin 4 (0.2) - - 5 (0.3) 

2. Heparin 54 (0.2) - - 134 (0.5) 

3. LMWH 0 (0) - - 8 (0.9) 

4. Warfarin 1 (0.7) - - 1 (0.7) 

5. Multiple anticoagulants 6 (0.6) - - 2 (0.2) 

6. None 48 (0.1) - - 244 (0.5) 

Pirkle et al. [37] 1. Chemoprophylaxis 121 (10.4) - - 31 (2.7) 

2. None 2,907 (2.4) - - 2332 (2.0) 

Macki et al. [33] 1. LMWH 4 (1.4) 4 (1.4) - 1 (0.4) 

2. Unfractionated heparin 4 (1.4) 4 (1.4) - 4 (1.4) 

Nikouei et al. [34] 1. Aspirin 0 (0) 0 (0) - 0 (0) 

2. None 0 (0) 0 (0) - 0 (0) 

Cloney et al. [35] 1. Chemoprophylaxis 16 (3.6) - - - 

2. None 42 (7.4) - - - 

-, not reported; LMWH, low molecular weight heparin; TXA, tranexamic acid; POD, postoperative day; VTE, venous thromboembolism; DVT, deep vein thrombosis; 

PE, pulmonary embolism; SEH, spinal epidural hematoma. 

Data presented as n (%). 
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e  
hy we choose to focus on the implications of chemical prophylaxis.

owever, we recognize there is potential for combined anticoagulatory

ffects and thus skewed results among patients that received both forms

f prophylaxis. The design of our meta-analysis was also limited to the

omparison of VTE incidence as a whole and did not include relative

ub-analyses of DVT and PE. In a meta-analysis conducted by Ellenbogen

t al. [7] of 7 general spine surgery studies, the incidence of DVT was sig-

ificantly lower in patients receiving chemoprophylaxis compared with

hose that did not, despite no significant difference in the overall rate of

TE. 

The main limitation in this review is the heterogeneity among the in-

luded studies. There was significant variation across numerous influen-

ial factors including baseline patient characteristics and comorbidities,

pinal procedures and approaches performed, types of chemical antico-

gulation, timing and duration of chemoprophylaxis, and methods of

iagnosis, among others. Variation in surgery type is particularly im-

ortant to consider, as rates of VTE and postoperative bleeding can vary

or different procedures and thus may alter the risks and benefits asso-

iated with prophylactic anticoagulation. The statistical heterogeneity

I2 ) for the meta-analysis of VTE and SEH incidence was 95% and 54%,

espectively, thus, a random effects model was used. This review is also
7 
imited by the quality of the available studies. Few RCTs have been con-

ucted on this topic in the elective spine surgery population. Although

e determined the overall risk of bias to be low among each of the four

CTs, 2 studies raised some concern for the quality of their randomiza-

ion process [32 , 38] . Quality assessment of the included observational

tudies identified one study as “fair ” quality caused by deficits in co-

ort selection, and another as “poor ” with deficits in each of the se-

ection, comparability, and outcome domains [25 , 29] . In many studies,

ey variables and relevant information were not well-defined, which

urther contributed to the inconsistency. Given the significant hetero-

eneity and quality concerns within several studies, we acknowledge

hat our findings should be taken with caution. The overall pooled inci-

ence rates in this review, as well as the nonsignificant effects of chemo-

rophylaxis on the rates of VTE and SEH, are by no means definitive for

he entire elective spine surgery population. 

To the best of our knowledge, this is the largest systematic review

nd meta-analysis of thrombotic chemoprophylaxis in the elective spine

urgery population. We believe a strength of this review is that it cap-

ures a recent rise in publications on this topic, however, additional

CTs are needed. We recommend that future studies focus on delin-

ating the effects of chemoprophylaxis on various subpopulations of
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Table 4 

Newcastle-ottawa scale results for nonrandomized studies included in the meta-analysis. 

Study Criteria ∗ Quality result † 

Selection Comparability Exposure 

1 2 3 4 5 6 7 8 

Nicol et al. [23] 1 1 1 1 1 1 1 1 Good 

Cunningham et al. [24] 1 1 1 1 2 1 1 1 Good 

Yang et al. [26] 1 0 1 1 0 1 0 1 Poor 

Weber et al. [27] 1 0 1 1 1 1 1 1 Good 

Fawi et al. [29] 1 1 1 1 2 1 1 1 Good 

McLynn et al. [14] 1 1 1 1 2 1 1 1 Good 

Shapiro et al. [31] 1 0 1 0 1 1 1 1 Fair 

Kiguchi et al. [30] 1 1 1 1 1 1 1 1 Good 

Thota et al. [35] 1 1 1 1 1 1 1 1 Good 

Fiasconaro et al. [37] 1 0 1 1 1 1 0 1 Good 

Pirkle et al. [37] 1 1 1 1 2 1 1 1 Good 

Cloney et al. [35] 1 1 1 0 1 1 1 1 Good 

∗ 1, representativeness of the exposed cohort; 2, selection of the nonexposed cohort; 3, ascertainment of exposure; 4, demonstration that outcome of interest was 

not present at start of the study; 5, comparability of cohorts on the basis of the design or analysis; 6, assessment of the outcome (independent assessment or record 

linkage); 7, was follow-up long enough for outcomes to occur? (minimum of 30 days); 8, adequacy of follow-up (lost to follow-up rate > 10% is inadequate). 
† Good: 3 or 4 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3 stars in outcome/exposure domain; Fair: 2 stars in selection 

domain AND 1 or 2 stars in comparability domain AND 2 or 3 stars in outcome/exposure domain; Poor: 0 or 1 star in selection domain OR 0 stars in comparability 

domain OR 0 or 1 stars in outcome/exposure domain. 

Fig. 4. Risk of bias assessment for randomized studies included in the meta-analysis using the Cochrane Risk of Bias Tool 2.0. (A) Traffic light plot depicting 

the authors’ judgments of individual bias domains for each study. (B) Graph demonstrating authors’ judgments of each bias domain across all included studies as 

percentages and relative risks. VTE, venous thromboembolism. 
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lective spine surgery procedures, while controlling for different types,

iming, and duration of prophylaxis. 

onclusions 

Venous thromboembolism remains a common and potentially devas-

ating postoperative complication for patients undergoing spine surgery.

mong the 19 studies that met eligibility criteria, we found the pooled

ncidence of VTE to be 3.2% overall, 2.9% in patients receiving chemo-

rophylaxis, and 3.6% in patients that did not receive chemoprophy-

axis. Despite a reduced incidence of VTE in patients receiving chemo-
8 
rophylaxis, this was not a statistically significant difference. Our find-

ngs also suggest that the use of chemoprophylaxis may not make a sig-

ificant difference in the rates of spinal epidural hematomas following

lective spine surgery. We identified a substantial degree of heterogene-

ty among the available literature; thus, our findings should be taken

ith caution. In spite of this, this review summarizes the current land-

cape of literature on thromboprophylaxis in elective spine surgery for

linicians and patients and has the potential to shape the future develop-

ent of refined clinical guidelines. Future studies should better define

he efficacy of specific prophylactic protocols in subpopulations of elec-

ive spine surgery that are most at risk of thrombotic complications. 
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