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Abstract
Deep vein thrombosis (DVT) and pulmonary embolism (PE) present a high incidence after surgery, posing a high risk in surgical practice. Although 
a consensus does exist on thromboprophylaxis in orthopedic surgery, this topic remains controversial in regard to spinal surgery. In this current 
paper, we review and discuss the different forms of prophyilaxis presented in literature, in order to develop guidelines on prophylactic measures 
in spinal surgery, improving patient´s outcomes and reducing any medical/legal problems that could arise from a thrombotic complication.
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RESUMO
O tromboembolismo venoso (TEV) e a tromboembolia pulmonar (TEP) apresentam elevada incidência no pós-operatório, sendo de alto risco na prática 
cirúrgica. Embora já exista consenso sobre tromboprofilaxia em cirurgias ortopédicas, na cirurgia de coluna, a conduta ainda é controversa. Neste artigo, 
analisamos e discutimos as diferentes tromboprofilaxias publicadas na literatura, a fim de desenvolver orientações sobre medidas profiláticas em cirurgia 
da coluna, melhorando os resultados do paciente e reduzindo os problemas médico-legais que possam surgir a partir de uma complicação trombótica.

Descritores: Tromboembolia venosa; Embolia pulmonar; Coluna vertebral/cirurgia; Complicações pós-operatórias.

RESUMEN
La tromboembolia venosa (TEV) y la tromboembolia pulmonar (TEP) tienen alta incidencia en el postoperatorio, siendo de alto riesgo en la 
práctica quirúrgica. Aunque ya existe un consenso sobre la tromboprofilaxis en cirugía ortopédica de la columna vertebral, su manejo sigue 
siendo controversial. En este artículo analizamos y discutimos las diferentes tromboprofilaxis publicadas en la literatura, con el fin de elaborar 
directrices sobre la profilaxis en la cirugía de la columna vertebral, mejorar los resultados del paciente y reducir los problemas médicos y 
jurídicos que surgen de una complicación de la trombosis.

Descriptores: Tromboembolia venosa; Embolia pulmonar; Columna vertebral/cirugía; Complicaciones postoperatorias.
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INTRODUCTION
Venous thromboembolism (VTE) is a well-known episode in sur-

gical practice and represents a spectrum of diseases that includes 
deep vein thrombosis, thrombosis associated with central venous 
catheters, and its most serious complication, pulmonary thrombo-
embolism (PTE).1 Both asymptomatic and clinically apparent episo-
des in hospitalized patients are associated with high mortality, and 
are the main cause of morbidity and mortality in the United States.2 
In clinical practice, antemortem suspicion occurs in only a small 
percentage of PTEs, and the few cases followed up, together with 
the lack of literature, are insufficient to form solid experience and 
guidelines for the treatment of this event.3 The high incidence of VTE 
in surgical populations, besides the legal consequences,4 highlights 
the need for prophylaxis in this group of patients.5

Knee and hip replacement surgeries, and the surgical tre-
atment of hip fractures, are associated with a high rate of VTE 
and a high mortality rate, despite the consensus on prophylaxis.6 
However, little has been described in the literature concerning 
thromboembolic events and their prophylaxes in spinal surgeries, 
with only the risk factors for their occurrence being mentioned, 
without scientific confirmation of their postoperative implications.7 
Another important factor related to thromboprophylaxis in spinal 

surgery is the increased risk of epidural hematoma in patients 
using prophylaxis with anticoagulants and thrombolitics.8,9 There-
fore, this work aims to establish guidelines for the prevention of 
VTE in elective spinal surgeries, and to clarify the possible risks 
related to the use of the different preventative therapies, through 
a systematic review of the literature.

METHODS
A systematic review was conducted in accordance with the 

guidelines published by the Centre for Evidence-Based Medicine 
(available at www.cebm.net) and QUOROM (Quality of Reporting 
of Meta Analyses, available at http://www.greenjournal.org/misc/
quorom.pdf). An Ovid online search engine was used to search the 
Medline database from 1966 to 2013. The keywords used for the 
search were “Spine” and “Thrombosis”.

Literature reviews, case reports, articles in languages other 
than English, and those related to anesthesia procedures, punc-
tures, and traumas were excluded. The eligible studies were then 
reviewed in detail, and data was compiled for analysis and compa-
rison, including study design, type of surgical procedure, number 
of patients, prophylaxis method used, incidence of VTE and PTE, 
and the level of evidence of the study. 
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RESULTS
The initial search on the Medline database using the keywords 

“Spine” and “Thrombosis” identified 776 articles. Article reviews 
(90 articles) and case reports (301 articles) were excluded, leaving 
a total of 385 articles at the end of the initial analysis. Two of the 
authors reviewed the titles and abstracts of the remaining works, 
selecting those that satisfied the inclusion criteria. Only clinical 
trials related concomitantly to venous thromboembolism and spi-
nal surgery were included, resulting in 31 articles. Publications in 
languages other than English or related to anesthetic procedures, 
punctures, and traumas were also excluded in this step. In the end, 
26 eligible articles were reviewed in detail (Figure 1).

Of the 26 articles evaluated, 14 were prospective single-center 
studies and nine were conducted retrospectively, while one presen-
ted a retrospective analysis of data collected prospectively. Only two 
prospective, comparative, randomized studies were conducted. A 
total of 1,402,657 patients were evaluated across all these studies, 
all of whom underwent some type of surgical procedure of the spine. 
The surgical procedures performed in each study, as well as the 
prophylaxis used, the diagnostic methods, and the rates of VTE and 
PTE are described in Table 1.10-35

the lack of precise literature.37-39 Our research uncovered only one 
study with level 1 evidence, in which Wood et al28 compared the use 
of pneumatic compression stockings with the use pneumatic thigh 
compression bandages. Although a control group was not used, the 
authors found lower rates of incidence of DVT and PTE than those 
found in the literature. However, there were no significant differences 
between the two prophylactic procedures tested, and the choice of 
method was made based on costs, ease of access, comfort, and 
preference of the medical team.

Yoshioka et al,10 in their prospective comparative study,
demonstrated that the incidence of DVT varies according to the re-
gion of the surgery and its approach. The cervical region presented 
a lower rate of complications, while spinal tumors requiring extensive 
excisions presented a higher rate of DVT. Other factors described 
in the literature, and that lead to an increased risk of DVT, include 
surgical time, longer periods of postoperative immobility, and ventral 
decubitus.24,37,40 Patient demographics are also an important factor 
contributing to the risk of DVT. Advanced age, male sex, presence 
of other comorbidities, such as congestive heart failure (CHF), and 
recent weight loss are independently associated with an increase in 
the rate of DVT complications.14 In contrast, Kim et al15 failed to dem-
onstrate significant associations between demographic variables, 
comorbidities, and even between the type of surgical procedure and 
increased risk of VTE and PTE, showing a discrepancy in the results 
presented in the current literature and the absence of comprehen-
sive works with higher levels of evidence. In our research, only one 
study was categorized as level 1 evidence according to the level of 
evidence criteria used by the scientific community.41 

The average overall rates of VTE and PTE found in this review 
were 3.55% and 1.04%, respectively. However, the heterogeneity 
of the studies prevents us from applying the numbers directly to 
spinal patients. Healthy patients selected clinically following less 
extensive procedures presented a low rate of DVT,30 while patients 
with one or more thromboembolism risk factors submitted to more 
substantial procedures with venography scans presented higher 
rates.24 The spinal surgeon should therefore weigh these different 
factors, estimating each patient’s risk individually. 

The most commonly used methods of prophylaxis are me-
chanical, such as compression by elastic compression stockings 
(ECS), intermittent pneumatic compression (IPC) and pneumatic 
foot pumps, and less frequently, chemical methods with low mo-
lecular weight heparin (LMWH) and low dose coumadin. In several 
articles,32,34,33 Ferree described the use of mechanical prophylaxis 
and found no significant statistical difference in rates of VTE, while 
in his prospective study, Epstein22 showed that intermittent pneu-
matic compression is effective in prophylaxis against VTE/PTE. Smith 
et al,31 using a combination of elastic compression stockings and 
intermittent pneumatic compression, found no evidence of throm-
bosis in any of the 126 duplex ultrasound studies, and reported 
an overall clinical prevalence of thrombotic complications of 0.9%
(3 patients in 317). 

The number of studies that have investigated chemoprophylaxis 
is small and, coupled with the lack of suitable control groups and the 
significant heterogeneity of the populations studied, their results do 
not enable any conclusions to be drawn about the use of chemical 
anticoagulants in reducing thromboembolitic events. In contrast, 
Cunningham et al,17 comparing groups without prophylaxis and with 
chemoprophylaxis, found no statistical differences between them, 
suggesting that preoperative prophylaxis does not influence the rate 
of postoperative VTE and PTE.  

Another important complication related to the use of chemopro-
phylaxis is symptomatic epidural hematoma, which usually presents 
rapidly progressing neurological deterioration and may be associ-
ated with coagulopathy induced by the administration of antico-
agulants.42-44 Around 4% of patients who receive systemic LMWH 
prophylaxis develop hemorrhagic complications, compared with 
the 0.5% to 2.5% of patients who develop DVT following spinal sur-
gery,40,45 making this a substantial disincentive for chemoprophylaxis 
following spinal surgery.9,46

776 articles found in the initial 
search

90 review articles

301 case report articles

354 articles not related
concomitantly to spinal
surgery and thrombosis

5 articles in languages other 
than English, or related 

to anesthetic procedures, 
punctures and traumas

385 articles with title and 
abstract evaluated

26 articles included in
the analysis

Figure 1. Search results in publications about thrombosis in spinal surgery 
using the Medline database.
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DISCUSSION
The occurrence of VTE and PTE are common clinical situa-

tions with high relative prevalence in older age groups and in the 
hospital environment. Clinical manifestations may be absent, or 
even concealed or suggestive, and may be an incidental finding, 
a complication of high morbidity, or lead to sudden death.3 Deep 
vein thrombosis (DVT) and its most feared complication, pulmo-
nary thromboembolism (PTE), still have a high incidence, and in 
PTE, deaths occur prematurely. There should be daily postoperative 
evaluations in search of symptoms that might indicate VTE or PTE.36

As is well known, the number of thrombotic events increases in 
surgical cases, with the risk ranging from 15 to 40% in neurosur-
geries, reaching alarming rates of 40 to 60% in major orthopedic 
surgeries, according to the American College of Chest Physicians 
(ACCP).8 In spinal surgery, the incidence of DVT becomes more 
uncertain given the heterogeneity of the surgical procedures and 
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Table 1. Summary of the 26 articles selected for inclusion in the systematic review.10-35 
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Study design Type of surgical procedure Number of 
patients Prophylaxis Incidence 

of VTE

Incidence of 
symptomatic 

PTE
Diagnostic method

1 Yoshioka et al10 Comparative
prospective

Lumbar or lower thoracic 
decompression with or 
without instrumentation                                                                           

Cervical decompression with 
or without instrumentation                          

Spinal tumors 

340

Mechanical (compression 
stockings and intermittent 
pneumatic compression 

devices)

13.5% 2.9% Duplex US

2 Oglesby et al11 Retrospective
database analysis

Posterior and anterior cervical 
fusion Posterior cervical

decompression
273,396 Not available 0.38% 0.15% Not available

3 Fineberg et al12 Retrospective
database analysis

Lumbar fusion or 
decompression 578,457 Not available 0.34% 0.18% Not available

4 Al-Dujaili et al13 Single center
prospective

Spinal sugery (excluding 
facetary inflitration, 

vertebroplasty, 
epidural injection, and 

thermocoagulation of the 
medial branch)

158

Mechanical
(compression stockings)                                 
Chemical (low molecular 

weight heparin)

0.63% Zero Clinical and Doppler 
US

5 Gephart et al14 Retrospective 
database analysis Spinal fusion 430,081 Not available 0.4% not available Not available

6 Kim et al15 Retrospective 
database analysis Spinal fusion 3331 Not available 0.24% 1% Spiral CT

7 Takahashi et al16 Retrospective 
database analysis

Lumbar fusion or
decompression 1975

Without prophylaxis                                                             
Intermittent pneumatic 

compression devices and 
compression stockings

19% 0.56% D-Dimer

8 Cunningham
et al17

Retrospective 
database analysis Spinal surgery 3870 Without prophylaxis

Chemoprophylaxis 0.28% 0.31% Not available

9 Yoshiiwa et al18 Retrospective 
database analysis Spinal surgery 88

Mechanical (compression 
stockings and intermittent 
pneumatic compression 

devices)

5.68% 2.27% D-DImer

10 Smith et al19

Retrospective 
analysis of 

prospectively 
collected data

Lumbar microdiscectomy            
Anterior cervical fusion              
Lumbar decompression

108,419 Not available 0.12% 0.14% Not available

11 Schizas et al20 Single center
prospective

Lumbar fusion or
decompression 270

Compression stockings 
and low molecular weight 

heparin

not 
available 2.22% Spiral CT

12 Piasecki et al21 Single center 
prospective

Anterior posterior 
reconstruction of spinal 

deformity
66

Mechanical (compression 
stockings and intermittent 
pneumatic compression 

devices)

9.1% 7.6%
Magnetic resonance 
venography, Doppler 

US, and Spiral CT

13 Epstein22 Single center 
prospective

Posterior fusion with 
instrumentation and 

laminectomy
139 Compression stockings 2.8% 0.7% Doppler US

14 Oskouian and 
Johnson23

Retrospective 
database analysis

Anterior thoracic and lumbar 
spinal reconstruction 207 Not available 2.42% 0.48% Not available

15 Oda et al24 Single center 
prospective Posterior spinal surgery 110 Without prophylaxis 15.5% 0% Bilateral ascending 

venography

16 Lee et al25 Single center 
prospective Major spinal surgery 313 Without prophylaxis 1.3% 0% Duplex US

17 Dearborn et al26 Retrospective 
database analysis Major spinal surgery 116

Mechanical (compression 
stockings and intermittent 
pneumatic compression 

devices)

0.86% 2.2% Duplex US

18 Rajaraman
et al27

Single center 
prospective Anterior spinal surgery 50 Not available 1.67% 0% Doppler US

19 Wood et al28
Prospective, 

comparative, and 
randomized

Major spinal surgery 136

Pneumatic compression 
stockings or pneumatic 

thigh compression 
bandages

1.47% 0.74% Duplex US

20 Rokito et al29 Single center 
prospective Major spinal surgery 329

Compression stockings of 
the thigh, calf, or a low dose 

of coumadin
0.3% 0% Doppler US

21 Nelson et al30 Single center 
prospective Posterior spinal fusion 117

Compression stockings 
and intermittent pneumatic 

compression pumps
0% 0% Duplex US

22 Smith et al31 Single center 
prospective Spinal reconstruction 317

Compression stockings 
and intermittent pneumatic 

compression devices
0.95% 0.32% Duplex US

23 Ferree32 Single center 
prospective Lumbar laminectomy 60 Compression stockings 5% 0% Not available

24 Ferree and
Wright33

Single center 
prospective Posterior spinal surgery 185

Elastic compression 
stockings or intermittent 
pneumatic compression 

devices

2.16% not available Duplex US

25 Ferree et al34 Single center 
prospective Spinal surgery 86 Not available 6% not available Not available

26 West and
Anderson35

Single center 
prospective Posterior spinal surgery 41 Not available 14% not available Duplex Doppler US
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Final Considerations
There is no single risk factor in spinal surgery, mainly due to 

the heterogeneity of approaches and pathologies. Therefore, it is 
not possible to indicate a standard thromboprophylaxis for spinal 
surgery as can be done for hip and knee surgeries. Additionally, che-
moprophylaxis is still not safe due to the possibility of hemorrhagic 
complications. Therefore, it falls to the spinal surgeon to analyze the 
risk of DVT/PTE individually for each specific case.

Well-controlled prospective studies are also necessary to 
correctly identify the real incidence of DVT in high-risk patients,

as well as to define the best type of prophylaxis to be indicated. 
In addition to determining the safest time to begin pharmacologi-
cal therapy, it is also necessary to confirm the efficiency and the 
possible consequences of chemical prophylaxis, which is currently 
widely used in clinical practice, but still without evidence of its
efficiency and safety.

All authors declare no potential conflict of interest concerning 
this article.
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