
North American Spine Society Journal (NASSJ) 11 (2022) 100141 

Contents lists available at ScienceDirect 

North American Spine Society Journal (NASSJ) 

journal homepage: www.elsevier.com/locate/xnsj 

Clinical Studies 

Chemoprophylactic Anticoagulation 72 Hours After Spinal Fracture 

Surgical Treatment Decreases Venous Thromboembolic Events Without 

Increasing Surgical Complications 

Khaled Taghlabi a , Brandon B. Carlson 

b , Joshua Bunch 

b , R. Sean Jackson 

b , Robert Winfield 

a , 

Douglas C. Burton 

b , ∗ 

a Department of Surgery, University of Kansas Medical Center, Kansas City, United States 
b Department of Orthopedic Surgery, University of Kansas Medical Center, Kansas City, United States 

a r t i c l e i n f o 

Keywords: 

Venous Thromboembolism 

Spinal Fracture 

Prophylactic Anticoagulation 

Intervention 

Bleeding Complications 

Epidural Hematoma 

Deep Venous Thrombosis 

a b s t r a c t 

Background: Prophylactic anticoagulation is commonly used following operative treatment of spinal fractures to 

prevent Venous Thromboembolism (VTE) but carries a risk of bleeding complications. The purpose of the study 

was to compare VTE and bleeding complications for MID ( ≤ 72h) versus LATE ( > 72h) chemoprophylaxis timing 

after spinal fracture operative intervention. 

Methods: This is a retrospective review of patients treated for spinal fractures that received anticoagulation 

chemoprophylaxis between May 2015 and June 2019. Chemoprophylaxis initiation timing (MID vs. LATE) was 

the primary grouping variable. Patients with traumatic brain injury or evidence of intracranial or intraspinal bleed 

were excluded. Demographics, injury mechanisms, operative procedures, timing of administration of VTE pro- 

phylaxis, Injury Severity Score (ISS) and Spine Abbreviated Injury Scale (AIS), and complications including VTE 

and bleeding complications were collected. Predictors of VTE were identified using a binary logistic regression. 

Results: Eighty-eight patients (65M, 23F) met inclusion criteria. The median age was 55 years, and median 

Injury Severity Score (ISS) was 14. MID had 68 patients and LATE had 20. Nine patients developed VTE (6 LATE, 

3 MID, p < 0.01 ) . Three patients developed bleeding complications, and all occurred in the LATE group ( p = 0.01 ) . 

ISS ( p < 0.01) and GCS ( p < 0.01) also correlated with an increased VTE rate. 

Conclusions: Chemoprophylactic anticoagulation at 72 hours in surgically treated spinal fracture patients demon- 

strates a lower VTE rate without increasing complications. VTE prophylaxis can be initiated at 72 hours following 

spine fixation to decrease postinjury morbidity and mortality in this high-risk patient population. 
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ntroduction 

Traumatic spine injury is one of the leading causes of death and dis-

bility in adults as well as children [1] . Although injury prevention pro-

rams have been established, the United States is still at the top of the list

ith the highest overall incidence rate of spine injuries in the world [2] .

pinal injuries are associated with high mortality rates, ranging from

2% to 32% within one year of admission [3] . Reports showed that sur-

ically treated spinal fractures are associated with lower mortality than

hat treated nonoperatively [ 3 , 4 ]. However, operatively managed spinal

ractures carry a risk of morbidity and mortality following surgery [5] . 

Patients sustaining traumatic accidents commonly transition to a hy-

ercoagulable state during the post-injury period [6] , specifically those

ith spinal trauma who have a high risk of developing venous throm-
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oembolism (VTE) due to limited mobility following surgical fracture

xation [7] . 

Venous thromboembolism (VTE) can lead to significant morbidity

nd mortality among certain patient populations. In Europe, VTE is re-

ponsible for an estimated 540,000 deaths each year [8] and is the third

ost common cause of death, along with hemorrhage in trauma pa-

ients. It is estimated that VTE incidence exceeds 50% in patients who

ere not treated with anticoagulation prophylaxis and sustained se-

ere trauma, such as motor-vehicle collision (MVC) and gunshot wounds

GSW), resulting in spinal fractures. 

Prophylactic anticoagulation is commonly used following spinal

racture surgqical treatment; however, bleeding complication risks ex-

st. Previous studies demonstrate that preoperative anticoagulation does

ot increase bleeding complications in patients with spinal fractures and
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r  
ay reduce the risk of VTE [9] . However, few studies have discussed the

mpact of postoperative anticoagulation on VTE and bleeding complica-

ions following operative treatment of spinal fractures [10–13] . 

Trauma centers in the United States implement different practice

anagement guidelines (PMG) for VTE prophylaxis. Some recommend

hemoprophylaxis initiation within 72 hours of spinal fracture opera-

ive fixation, while others recommend initiation after 72 hours [14–16] .

urrently, there is no consensus for optimal postoperative VTE chemo-

rophylactic anticoagulation timing (4). 

Prior to 2017, patients with operative spinal fractures admitted to

he trauma service at the University of Kansas Medical Center received

TE prophylaxis two weeks post-operatively. In June 2017, a new pro-

ocol was implemented, initiating chemoprophylaxis 72 hours post-

peratively in patients who have undergone a spinal operation for a

pinal fracture. 

The purpose of this study was to evaluate the efficacy and safety

f the PMG for early VTE prophylaxis in patients treated surgically for

raumatic spinal fractures. A retrospective chart review was conducted

o assess the relative efficacy and safety of the new PMG for early VTE

rophylaxis in patients with operative spinal fractures. This chart com-

ares the outcomes in patients admitted within two years before proto-

ol implementation (May 1, 2015 to May 31, 2017) and two years after

mplementation (June 1, 2017 to June 30, 2019). 

ethods 

This is a 4-year (2015-2019) retrospective analysis of our institu-

ional trauma registry (American College of Surgeons-verified level I

rauma center). Consecutive patients treated for operative fixation of

pinal fractures at our institution between May 2015 and June 2019

ere identified. This study was approved by the Institutional Review

oard. 

nclusion Criteria 

Patients who were 18 years or older, admitted with a spinal frac-

ure requiring surgical management and who received postoperative

TE chemoprophylaxis were included. 

xclusion Criteria 

Patients younger than 18 years, with a traumatic brain injury, or

ntracranial or intraspinal bleeding on admission were excluded. 

atient Stratification 

Patients were stratified into two groups based on the timing of initia-

ion of VTE chemoprohylaxis: MID vs LATE. MID initiation was defined

s chemoprophylaxis administered within 72 hours. Late initiation was

efined as chemoprophylaxis administered after the first 72 hours of

urgery. 

ata Collection 

An electronic chart review was performed. Age, sex, injury mecha-

isms, transfers, Glasgow Coma Scale (GCS), Injury Severity Score (ISS),

bbreviated Injury Scale (AIS) for the spine, upper and lower extremities

ere collected. Spinal fractures were described using the fracture level

cervical, thoracic, lumbar, or sacral), imaging reports, and American

pinal Injury Association (ASIA) Impairment Score. Admission hema-

ologic labs, preoperative and postoperative VTE prophylaxis, time of

nitiation of postoperative VTE prophylaxis, including type and dose,

ere recorded. 

Operative data points included operative procedure, timing, length,

stimated blood loss, and surgical service (Orthopedic or Neuro-

urgery). Complications including VTE (Deep vein thrombosis (DVT)
2 
nd/or pulmonary embolism (PE)) and bleeding (epidural, subdural, in-

raabdominal, intrathoracic hematoma or subarachnoid/intramedullary

emorrhage) were recorded. Data was entered into a REDCap

atabase. 

TE Protocol 

The institutional protocol implemented for patients surgically

reated for spinal fractures included VTE chemoprophylaxis re-initiated

2 hours post-operatively with low molecular weight heparin (LMWH;

noxaparin) 30mg subcutaneously every 12 hours, based on previous

eports [ 14 , 15 ]. Patients with clinical symptoms of DVT were screened

y venous duplex ultrasonography. 

PE was diagnosed based on computed tomographic angiography

r ventilation-perfusion scans in symptomatic patients. Computed to-

ography (CT) reports were reviewed for the presence of intraspinal

ematoma (epidural or subdural hematoma, subarachnoid or in-

ramedullary hemorrhage) or extraspinal hematoma (intraabdominal

r intrathoracic hematoma) in symptomatic patients. Intraspinal or ex-

raspinal hematoma was defined as any new bleeding on subsequent

maging. 

MID VTE prophylaxis was LMWH within 72 hours post-operatively.

ATE VTE prophylaxis was defined as greater than 72 hours after

urgery. Timepoints were divided into three subgroups, MID ( < 24hr;

4-48hr; 48-72hr) and LATE (72h – 1 week, 1-2 weeks, > 2weeks) for

dditional sub-analyses. 

tatistical Analysis 

Analyses were conducted using statistical software (SPSS, IBM Corp.,

ersion 27). Data are reported as mean ± standard deviation or median

range) for continuous variables. Frequency rates (percentage) were re-

orted for categorical variables. Data were tested for normality. Differ-

nces between non-normally distributed continuous variables were an-

lyzed with Mann-Whitney U test. Categorical variables were analyzed

ith Fisher’s Exact test. A binary logistic regression was performed to

etermine which variables were predictive of VTE occurrence. 

esults 

During the study period, 530 patients were identified with spinal

raumas. Eighty-eight patients qualified for study inclusion. The median

ge was 55 years, and 74% were male ( Table 1 ). Fifty-one patients were

ransferred from an outside facility. Median GCS and ISS were 15 and14,

espectively. The median spine abbreviated injury scale was 4. 

With regards to the level of spine fracture, there was a predomi-

ance of thoracic fractures (44.3%) followed by Cervical (43.2%), Lum-

ar (39.8%), Sacral (11.4%), and Coccygeal (1.1%). Twenty-nine (33%)

f our patients received preoperative VTE prophylaxis. The mean oper-

tive duration was 3.5 hours with a median estimated blood loss of 250

l. 

Sixty-eight patients (77.3%) were in MID, and 20 (22.7%) were in

he LATE group ( Table 1 ). There was a significant difference in number

f transfers ( p = 0.018), surgical service ( p = 0.008), GCS ( p = 0.03),

TE ( p < 0.01) and bleeding (p = 0.01) complication rates between

atients in MID vs LATE groups. There were no significant differences

etween MID vs LATE for age (53 vs. 56), sex, mechanism of injury, In-

ury Severity Score, AIS spine, level of spinal fracture, preoperative VTE

rophylaxis administration, duration of operation, or estimated blood

oss. (All p > 0.05) ( Table 2 ). 

In the MID group sub-analyses, six patients (6.8%) received LMWH

ithin 24 hours post-operatively; 37 (42%) received the initial dose be-

ween 24-48 hours, and 25 (28.4%) received the initial dose between 48-

2 hours. LATE group sub-analyses showed that nine patients (10.2%)

eceived postop prophylaxis 72h – 1 week after surgery, 7 (8%) received
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Table 1 

Characteristics of Study Patients. 

Characteristics of Study Patients 

N = 88 (%) 

Gender 

Male 65 (74%) 

Female 23 (26%) 

Age a 55 [ 18 - 89] 

Mechanism of Injury 

Fall 46 (52.3) 

MVC 25 (28.4) 

MCC 7 (8) 

MVC vs Pedestrian 6 (6.8) 

Blunt Assault 3 (3.4) 

Unknown 1 (1.1) 

Patient Transfer 51 (58) 

Surgical Service 

Orthopedic Surgery 34 (38.6) 

Neurological Surgery 54 (61.4) 

Glascow Coma Scale a 15 [ 3 – 15 ] 

Injury Severity Score a 14 [ 4 – 75] 

AIS Spine a 4 [ 2 – 7 ] 

Spine Fracture Level 

Cervical 38 (43.2) 

Thoracic 39 (44.3) 

Lumbar 35 (39.8) 

Sacral 10 (11.4) 

Coccygeal 1 (1.1) 

Preoperative VTE Prophylaxis Administration 29 (33) 

Duration of Operation b 3.5 ± 1.5 

Estimated Blood Loss During Operation a 250 [0 – 3200] 

Postoperative VTE Prophylaxis Administration 

EARLY ( ≤ 72h) 68 (77.3) 

LATE ( > 72h) 20 (22.7) 

Subjects with VTE Complication 9 (10.2) 

Deep Vein Thrombosis (DVT) 8 (9.1) 

Pulmonary Embolism (PE) 2 (2.3) 

Other 1 (1.1) 

Subjects with Bleeding Complication 3 (3.4) 

Epidural Hematoma 1 (1.1) 

Other 2 (2.3) 

∗ p < 0.05, statistically significant. 

Two subjects had 2 documented VTE complications each. 
a Median [range] 
b Mean ± SD 
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Table 2 

Characteristics of Timepoint Groups. 

Characteristics of Timepoint Groups 

MID N = 68 (%) LATE N = 20 (%) P value 

Male 48 17 0.159 

Female 20 3 

Age a 53 [18 – 87] 56 [23 – 89] 0.40 

Mechanism of Injury 

Fall 37 (54.4) 9 (45) 0.70 

MVC 19 (27.9) 6 (30) 

MCC 4 (5.9) 3 (15) 

MVC vs Pedestrian 5 (7.4) 1 (5) 

Blunt Assault 2 (2.9) 1 (5) 

Unknown 1 (1.5) 0 (0) 

Patient Transfer 42 (61.8) 9 (45) 0.018 ∗ 

Surgical Service 

Orthopedic Surgery 21 (30.9) 13 (65) 0.008 ∗ 

Neurological Surgery 47 (69.1) 7 (35) 

Glasgow Coma Scale a 15 [3 – 15] 15 [3 – 15] 0.03 ∗ 

Injury Severity Score a 13 [4 – 75] 17 [14 – 26] 0.06 

AIS Spine a 3 [2 – 7] 4 [3 – 6] 0.10 

Spine Fracture Level 

Cervical 27 (39.7) 11 (55) > 0.05 

Thoracic 28 (41.2) 11 (55) 

Lumbar 26 (38.2) 9 (45) 

Sacral 7 (10.3) 3 (15) 

Coccygeal 1 (1.5) 0 (0) 

Preoperative VTE Prophylaxis 

Administration 

24 (35.3) 5 (25) 0.43 

Duration of Operation b 3.5 ± 1.5 4 ± 2 0.26 

Estimated Blood Loss During 

Operation a 
200 [100 – 400] 400 [188 – 600] 0.02 ∗ 

Subjects with VTE Complication 3 (4.4) 6 (30) < 0.01 ∗ 

Subjects with Bleeding 

Complication 

0 (0) 3 (15) 0.01 ∗ 

a Median [range] 
b Mean ± SD 

∗ p < 0.05, statistically significant 
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heir initial dose 1 – 2 weeks, and 4 (4.5%) received it more than two

eeks after surgery. 

Overall, the type and dose of postoperative VTE prophylaxis were

imilar between groups, in which subcutaneous Enoxaparin 30 mg was

dministered twice daily. Nine patients (10.2 %) developed VTE fol-

owing spinal fracture operative fixation ( Table 1 ). There was a lower

requency of VTE when comparing MID (3) and LATE (6) anticoagula-

ion groups ( P = 0.004). There were more bleeding complications in the

ATE (3) compared to MID (0) (P = 0.01). ( Table 2 ) 

Fig. 1 and Table 3 

Binary logistic regression identified Age ( p = 0.039) and GCS

 p = 0.041) as significant predictor variables of the VTE outcome variable

R-square 0.541, 89.8% predictive accuracy). Gender, ISS, AIS spine, op-

rative time, EBL and timing of anticoagulation were not significant in

he model ( p > 0.05). 

iscussion 

Venous thromboembolism (VTE) is a common cause of morbidity

nd mortality following operative fixation of traumatic spinal injuries

17] . According to the National Quality Forum, VTE contributes to the

eath of 300,000 people in the United States each year [18] . Different

ractice management guidelines for VTE prevention exist, and the use

f anticoagulation after surgery has been extensively studied in the lit-

rature. However, widely accepted guidelines for VTE prophylaxis, and
3 
articularly the timing of postoperative chemoprophylaxis following op-

rative fixation of spinal fractures, do not exist [ 19 , 20 ]. 

Furthermore, the risk of developing VTE or bleeding, specifically

pidural hematoma, following spinal surgery is unclear. Glotzbecker

t al. reported a scarcity of evidence concerning VTE and bleeding com-

lications following spinal surgeries in addition to a deficit in data sup-

orting the efficacy and safety of VTE prophylaxis protocols [21] . 

To address these issues as a participant in the American College of

urgeons Trauma Quality Improvement Program (TQIP), we standard-

zed our approach to VTE prophylaxis in patients with operative spinal

ractures. Our institutional protocol involved chemoprophylaxis with

noxaparin 30 mg subcutaneously every 12 hours initiated 72 hours

ost-operatively. Enoxaparin is only held if there is evidence of bleed-

ng or another contraindication. This protocol aimed to identify patients

t risk for venous thromboembolism and implement appropriate inter-

entions to minimize VTE occurrence. 

Regarding the differences in injury scales between the patients re-

eiving early vs. late VTE prophylaxis, Kim DY et al. reported that ISS,

CS, and head AIS were higher in the late VTE prophylaxis. Still, their

tudy included patients with traumatic brain injuries. On the contrary,

n our study, only GCS was higher in the LATE group. This indicates that

he patient’s injury may be more likely to have an impact on VTE and

leeding complications following spinal surgeries than on the timing of

TE prophylaxis administration. 

We further investigated the mechanism of injury, location of spinal

racture, duration of the operation, and estimated blood loss intraoper-

tively in our patient population. Most of our patients had a fall mecha-

ism. Spinal fractures were mainly located at the thoracic level followed

y the cervical level, consistent with the literature [15] . 

Rates of thromboembolic disease following operative fixation of

pinal fractures have been reported by several studies varying between
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530 Patients, 18 years or older in 
Trauma Registry between May 

2015 and June 2019

309 Trauma Patients with Spinal 
Fractures

100 Trauma Patients Underwent 
Spinal Fixation Procedure  

221 Trauma Patients without
Spinal Fractures

209 Trauma Patients Received 
Non-Operative Management

88 Trauma Patients Received 
Postoperative VTE 

Chemoprophylaxis (Study Group)

12 Trauma Patients Did Not Receive 
Postoperative VTE 
Chemoprophylaxis

Fig. 1. Flow Diagram of Study Patient Inclu- 

sion Criteria. 

0  

s  

t  

t  

m  

i  

r  

%

 

t  

f  

o  

t  

c  

o  

a  

c

 

s  

D  

h  

t  

o  

o  

p  

c

 

c  

s  

h  

b  

n  

b

 

p  

s  

n  

l

 

s  

t  

c  
.3% and 31% [18] . Discrepancies in the rate of VTE are explained by

everal factors, such as genetic diversity between the patient popula-

ions, variability of screening protocols, surgeons’ approach, types and

iming of VTE prophylaxis, and patient’s compliance with prophylactic

edications. The overall rate of VTE in our study aligns with the rates

n the literature, where recently published studies reported overall VTE

ates ranging between 1% and 12% [ 14-16 , 22 ] comparable to the 10.2

 overall rate observed in our study. 

Our objective was to examine the influence of VTE prophylaxis on

he outcomes of VTE versus bleeding in patients with operative spinal

ractures. Early administration of VTE prophylaxis ( ≤ 72 hours) post-

peratively correlated with a decreased risk of VTE (4.4%) compared

o late VTE prophylaxis (30%). Tracy BM et al. [23] reported a signifi-

ant increase in the rate of VTE in patients with delayed administration

f VTE prophylaxis. Similarly, early initiation of VTE prophylaxis was

ssociated with a decreased incidence of VTE, as reported in a study

onducted by Chang R. et al. [14] . 

The prevalence of epidural hematoma in patients with operative

pinal fractures is less than 1%, as reported in the literature [ 21 , 24 , 25 ].

hillon E.S. et al. [16] reported a 0.19% overall rate of epidural

ematoma in their patient population. A systematic review of 25 ar-
4 
icles conducted by Glotzbecker et al. [21] demonstrated an overall rate

f 0% - 1% for the development of an epidural hematoma. Although

ur study population is small, only one patient who received late VTE

rophylaxis developed epidural hematoma with an overall rate of 1.1%,

onsistent with the existing literature. 

It is widely acknowledged that an increased risk of bleeding ac-

ompanies the initiation of VTE prophylaxis in patients with traumatic

pinal injuries. Most studies in the literature focused only on epidural

ematomas as the primary outcome for bleeding and did not assess other

leeding complications [22] . In our study, bleeding complications were

ot restricted to epidural hematomas only, but we also captured any

leeding complications following spinal surgery. 

As a result, we found that two patients who received late VTE pro-

hylaxis developed an intrathoracic hematoma. This is a small sample

ize. It is likely that these new findings on follow-up CT imaging were

ot the result of chemoprophylaxis administration but more likely re-

ated to the magnitude of the injury itself. 

The primary weakness of our study is its retrospective design and

mall sample size. Our sample sizes resulted in a statistical power below

he standard target of greater than 80%. Although this questions the

ertainty and generalizability of our findings, we believe there is value
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Table 3 

Characteristics of VTE Groups. 

Characteristics of VTE Groups 

VTE N = 9 (%) No VTE N = 79 (%) P value 

Male 7 58 ns 

Female 2 21 

Age a 64 [ 24 - 82] 53 [ 18 – 89] ns 

Mechanism of Injury 

Fall 5 (55.6) 41 (51.9) ns 

MVC 4 (44.4) 21 (26.6) 

MCC 0 (0) 7 (8.9) 

MVC vs Pedestrian 0 (0) 6 (7.6) 

Blunt Assault 0 (0) 3 (3.8) 

Unknown 0 (0) 1 (1.3) 

Patient Transfer 4 (44.4) 47 (59.5) ns 

Surgical Service 

Orthopedic Surgery 5 (55.6) 29 (36.7) ns 

Neurological Surgery 4 (44.4) 50 (63.3) 

Glasgow Coma Scale a 14 [ 3 – 15 ] 15 [ 3 – 15 ] < 0.001 ∗ 

Injury Severity Score a 27 [ 13 – 38] 14 [ 4 – 75] 0.006 ∗ 

AIS Spine a 4 [ 3 – 6 ] 4 [ 2 – 7 ] ns 

Spine Fracture Level 

Cervical 4 (44.4) 34 (43) ns 

Thoracic 7 (77.8) 32 (40.5) 

Lumbar 4 (44.4) 31 (39.2) 

Sacral 0 (0) 10 (12.7) 

Coccygeal 0 (0) 1 (1.3) 

Preoperative VTE Prophylaxis Administration 3 (33.3) 26 (32.9) ns 

Duration of Operation b 3 ± 1 4 ± 1.5 ns 

Estimated Blood Loss During Operation a 200 [0 – 600] 250 [0 – 3200] ns 

Time of Administration of VTE Prophylaxis 

MID ( ≤ 72h) 3 (33.3) 65 (82.3) 0.004 ∗ 

LATE ( > 72h) 6 (66.6) 14 (17.7) 

a Median [range] 
b Mean ± SD 

∗ p < 0.05, statistically significantns = p > 0.05 
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n reporting them nonetheless due the rarity of VTEs among this patient

opulation and the need for improved clinical data reporting [ 11 , 26 , 27 ].

Additionally, patients were not all followed after hospital discharge.

ome patients may have developed asymptomatic epidural hematoma

fter discharge or may have been treated at another hospital. However,

t is less likely to develop chemoprophylaxis-related bleeding complica-

ions after discharge. 

Most anticoagulants were stopped prior to hospital discharge unless

he patient had a known DVT or PE. Moreover, we did not collect data

oncerning the use of other VTE prophylactic measures, such as me-

hanical prophylaxis and mobilization, that are known for their role in

inimizing the risk of VTE in trauma patients. 

Ultimately, as the incidence of epidural hematoma in this population

s extremely low, our small sample size precludes a definitive judgment

oncerning the safety of early VTE prophylaxis with respect to bleeding.

espite the limitations, our study is one of the few studies in the trauma

iterature investigating the timing of administration of VTE prophylaxis

ollowing operative spine fixation. 

onclusions 

Routine anticoagulation by 72 hours in patients who have under-

one fixation for spinal fractures is associated with a lower rate of VTE

ithout increasing bleeding or wound complications. Large, multicenter

rospective studies are required to define further the efficacy and safety

f an early pharmacological VTE prophylaxis strategy in this high-risk

atient population. 
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