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Abstract BACKGROUND CONTEXT: Venous thromboembolism (VTE) is a known complication after spine
surgery, but prophylaxis guidelines are ambiguous for patients undergoing elective spine surgery.
PURPOSE: The objective of this study was to characterize the incidence and risk factors for VTE
and the association of pharmacologic prophylaxis with VTE and bleeding complications after elec-
tive spine surgery.
STUDY DESIGN/SETTING: This is a retrospective cohort study of patients undergoing elective
spine surgery in the National Surgical Quality Improvement Program (NSQIP) database and a ret-
rospective cohort analysis at an academic medical center.
PATIENT SAMPLE: This study included 109,609 patients in the NSQIP database from 2005 to
2014 and 2,855 patients at the authors’ institution from January 2013 to March 2016 who under-
went elective spine surgery.
OUTCOME MEASURES: The incidence and risk factors for VTE were assessed in both cohorts
based on the NSQIP criteria. The incidence of bleeding complications requiring reoperation was as-
sessed based on operative reports in the institutional cohort.
MATERIALS AND METHODS: Associations of patient and procedure factors with VTE were
characterized in the NSQIP population. In the single-institution cohort, in addition to NSQIP vari-
ables, a chart review was completed to determine the use of VTE prophylaxis, the history of prior
VTE, and the incidence of hematoma requiring reoperation. The association of patient and proce-
dure variables, including pharmacologic prophylaxis and history of prior VTE, with VTE and hematoma
requiring reoperation were determined with multivariate regression.
RESULTS: Among 109,609 elective spine surgery patients in NSQIP, independent risk factors for
VTE were greater age, male gender, increasing body mass index, dependent functional status, lumbar
spine surgery, longer operative time, perioperative blood transfusion, longer length of stay, and other
postoperative complications. There were 2,855 patients included in the institutional cohort. Phar-
macologic prophylaxis was performed in 56.3% of the institutional patients, of whom 97.1% received
unfractionated heparin. When controlling for patient and procedural variables, pharmacologic pro-
phylaxis did not significantly influence the rate of VTE, but was associated with a significant increase
in hematoma requiring a return to the operating room (relative risk=7.37, p=.048).
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CONCLUSIONS: Pharmacologic prophylaxis, primarily with unfractionated heparin, after elec-
tive spine surgery was not associated with a significant reduction in VTE. However, there was a
significant increase in postoperative hematoma requiring reoperation among patients undergoing pro-
phylaxis. This raises questions about the routine use of unfractionated heparin for VTE prophylaxis
and supports the need for further consideration of risks and benefits of chemoprophylaxis after elec-
tive spine surgery. © 2017 Elsevier Inc. All rights reserved.
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Introduction

Venous thromboembolism (VTE), including deep vein
thrombosis (DVT) and pulmonary embolism (PE), is a known
complication of spine surgery with potentially serious and pos-
sibly fatal consequences. The incidence, risk factors, and
management of VTE after total joint arthroplasty and ortho-
pedic trauma have been well characterized, and evidence-
based guidelines exist to aid in clinical decision making [1–6].
Despite recent efforts to study VTE after spine surgery, the
literature has widely varying estimates of incidence and con-
tradictory messages about the efficacy of VTE prophylaxis
in this population [7–9].

The reported incidence of VTE after spine surgery has
ranged from 0.3% to 31%, varying with patient population,
prophylaxis usage, and surveillance methods [7]. The poten-
tial benefit of prophylactic anticoagulation in spine surgery
patients must be carefully weighed against the potential risk
of epidural hematoma, which can be associated with neuro-
logic deficits and wound drainage that can predispose to
infection [10–12].

Guidelines from the North American Spine Society and
the American College of Chest Physicians note that the balance
of benefit and risk is unclear and merits further investiga-
tion, often forcing surgeons to make a decision about
pharmacologic prophylaxis without strong evidence to guide
them in terms of patient selection or choice of medication
[10,11]. Overall, the guidelines state that the decision is largely
based on clinical judgment. Current guidelines recognize a
need for more studies to evaluate the efficacy of chemopro-
phylaxis and the optimal agent, particularly in low-risk patients
or elective surgeries [10].

In recent years, several studies have endeavored to use na-
tional databases to characterize incidence and risk factors for
VTE in large, nationally representative samples [13–16]. The
American College of Surgeons’ National Surgical Quality Im-
provement Program (NSQIP) is a national database consisting
of more than 600 hospitals that catalog demographic,
comorbidity, intraoperative, and postoperative factors up to
Postoperative Day 30 for various surgical procedures [17].
Deep vein thrombosis and PE are postoperative adverse events
monitored for the NSQIP dataset. Advantages of NSQIP for
the study of VTE include large sample sizes and follow-up
of patients until Postoperative Day 30, regardless of dis-
charge status [4].

Past investigations have characterized risk factors for VTE
in the NSQIP sample [15,16]. However, by including patients

with high-risk profiles (eg, trauma and emergency cases), these
studies may not accurately describe patients undergoing elec-
tive surgery who may have a different risk profile. Another
limitation of these prior studies is that NSQIP does not offer
data on VTE prophylaxis or a history of prior VTE.

The current study first aimed to identify the incidence and
risk factors for VTE after elective spine surgery in the NSQIP
population. The second aim was to perform a retrospective
analysis of NSQIP variables supplemented by a chart review
of elective spine surgery patients at a single large academic
medical center to study the association between inpatient phar-
macologic prophylaxis and the occurrence of postoperative
VTE and bleeding complications. It was hypothesized that
chemoprophylaxis would lead to a reduced incidence of VTE
without significantly increasing the incidence of bleeding com-
plications requiring reoperation.

Materials and methods

NSQIP cohort

A retrospective cohort study was conducted using NSQIP
years 2005–2014. Patients undergoing elective spine surgery
were identified based on the following procedures and Current
Procedural Terminology (CPT) codes: anterior cervical
discectomy and fusion (22551, 22554, and 63075), anterior
cervical corpectomy (63081 and 63085), cervical disc ar-
throplasty (22856 and 22857), cervical laminectomy (63015,
63045, and 63265), cervical laminotomy (63020 and 63040),
posterior cervical fusion (22595 and 22600), posterior tho-
racic fusion (22610), thoracic laminectomy (63046 and 63266),
thoracic corpectomy (63085 and 63086), anterior lumbar fusion
(22558), anterior lumbar corpectomy (63087 and 63088),
lumbar laminectomy (63047, 63005, 63012, and 63267),
lumbar laminotomy (63030 and 63042), and posterior lumbar
fusion (22612, 22630, and 22633). Patients were excluded
for cases marked emergency or non-elective, fusion of seven
or more levels (to exclude deformity cases with increased risks
[17,18]), missing data, and primary International Classifica-
tion of Diseases diagnosis codes indicating trauma, tumor,
or infection.

Demographic, comorbidity, intraoperative, and postoper-
ative factors were characterized. Demographic factors included
age, gender, and body mass index (BMI). Comorbidity factors
included smoking status, diabetes, hypertension, chronic
obstructive pulmonary disease, congestive heart failure, pre-
operative renal failure, disseminated cancer, coagulopathy,
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preoperative anemia, dependent functional status, and Amer-
ican Society of Anesthesiologists’ classification of III or higher.

Intraoperative factors included the operative time, proce-
dure type (characterized as anterior cervical, posterior cervical,
thoracic, anterior lumbar, posterior lumbar, or combined
anterior-posterior lumbar), undergoing a multilevel proce-
dure, and perioperative blood transfusion. Postoperative factors
included the presence of several postoperative complica-
tions (VTE, superficial surgical site infection, deep surgical
site infection, pneumonia, mechanical ventilation of >48 hours,
unplanned reintubation, urinary tract infection, postopera-
tive renal insufficiency or failure, sepsis or septic shock, stroke,
cardiac arrest, and myocardial infarction) and length of stay.
Of note, the database specifies that all thromboembolic events
were confirmed with imaging and required treatment with an-
ticoagulation or an inferior vena cava filter; however, because
of the varying practices in many participating centers, it cannot
be definitively known whether all VTEs presented symptom-
atically or whether some were detected through routine
imaging screenings of all patients at some centers [19].

Institutional cohort

The elective spine surgery patients recorded for NSQIP
at a single large academic medical center, from January 2013
to March 2016, were identified. A retrospective cohort from
this population was identified using the same inclusion and
exclusion criteria as noted previously for the NSQIP cohort.

For each of these patients, NSQIP-recorded 30 postoper-
ative day follow-up data were available. In addition to the
NSQIP-recorded variables, a retrospective chart review was
completed to examine for the use of pharmacologic and me-
chanical VTE prophylaxis, history of prior VTE, and incidence
of hematoma requiring reoperation. The institutional data in-
cluded only symptomatic VTEs (ie, presenting with lower
extremity pain or swelling for DVT, dyspnea, or chest pain
for PE), consistent with NSQIP criteria stated previously [19],
and confirmed with venous duplex ultrasonography (in the
case of DVT) or computed tomography angiogram or
ventilation-perfusion scan (in the case of PE).

Statistical analysis

For the NSQIP cohort, multivariate Poisson regression with
robust error variance was used to test the association of the
noted demographic, comorbidity, intraoperative, and post-
operative factors with the development of VTE within
Postoperative Day 30.

The national and institutional samples were compared on
the basis of age, gender, BMI, ASA Class ≥III, procedure type,
length of stay, and incidence of VTE. Student t test was used
to compare continuous variables, and chi-squared test was used
to compare categorical variables.

To assess for variables that may influence the prescrip-
tion of pharmacologic prophylaxis in the institutional cohort,
a multivariate Poisson regression with robust error variance
was used to test the association of demographic, comorbidity
(including history of VTE), and intraoperative factors with
whether or not a patient underwent prophylaxis.

Multivariate Poisson regression with robust error vari-
ance was used to test the association of NSQIP variables, as
well as history of prior VTE and pharmacologic prophylax-
is status, with incidence of VTE within Postoperative Day
30, controlling for demographic, comorbidity, intraopera-
tive, and postoperative factors. The same multivariate regression
analysis was repeated within certain subpopulations deemed
to be at high risk of VTE based on the analysis.

Another multivariate Poisson regression with robust error
variance was performed to test the association of demograph-
ic, comorbidity, and intraoperative variables, as well as
pharmacologic prophylaxis, with the incidence of hema-
toma requiring reoperation.

The level of significance for all tests was set at p<.05. Sta-
tistical tests were performed using Stata version 13.1
(StataCorp, LP, College Station, TX, USA).

Results

NSQIP cohort

In the national study, 109,609 patients were included. Ini-
tially, 123,320 patients were identified based on included CPT

Table 1
Demographics

National Institutional p-Value

Number of patients 109,609 2,855
Age (y) 56.4±14.4 56.0±14.7 .125
Gender .815

Female 52,628 (48.0%) 1,364 (47.8%)
Male 56,931 (52.0%) 1,491 (52.2%)

Body mass index (kg/m2) 30.2±16.0 29.5±5.7 .027
ASA Class ≥III 39.9% (43,758/109,609) 34.4% (983/2,855) <.001
Length of stay (d) 2.4±5.3 2.4±2.9 .633
Incidence of venous thromboembolism 0.61% (672/109,609) 1.23% (35/2,855) <.001

ASA, American Society of Anesthesiologists.
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codes, of which 13,711 were excluded because of non-
elective case, fusion of 7+ levels, or diagnosis of tumor, trauma,
or infection, or missing data. The demographics of this pop-
ulation are presented in Table 1. The incidence of VTE was
0.61% (672/109,609 patients).

The results of the multivariate analysis for independent risk
factors for VTE are presented in Table 2. Significant factors
with the greatest relative risk were stroke (relative risk
[RR]=4.27, p<.001), pneumonia (RR=2.92, p<.001), cardiac
arrest (RR=2.62, p=.015), anterior lumbar procedure (RR=2.59,

p<.001), and superficial surgical site infection (RR=2.28,
p=.001).

Institutional cohort

There were 2,855 patients included in the institutional study.
The demographics of this population are presented in Table 1.
Initially, 3,254 patients were identified based on included CPT
codes, of which 399 were excluded because of non-elective
case, fusion of 7+ levels, or diagnosis of tumor, trauma, or

Table 2
Multivariate relative risk of venous thromboembolism in national cohort

BMI, body mass index; COPD, chronic obstructive pulmonary disease; SSI, surgical site infection; ASA, American Society of Anesthesiologists; VTE,
venous thromboembolism.

Shading indicates statistical significance at p<.05.
N (VTE) indicates the number of patients with each risk factor who experienced a VTE.
N (risk factor) indicates the total number of patients with a given risk factor, out of total N=109,609.
* Relative risk (95% confidence interval).
† Indicates a continuous variable, so all patients are included.
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infection, or missing data. The incidence of VTE was 1.23%
(35/2,855 patients), which was significantly greater than the
national cohort (0.61%, p<.001). There were also differ-
ences in BMI (national: 30.2±16.0 kg/m2, institutional:
29.5±5.7; p=.027) and ASA Class ≥III (national: 39.9%, in-
stitutional: 34.4%; p<.001). There were no differences in age,
gender, or length of stay.

In the institutional study, all patients had mechanical pro-
phylaxis with sequential compression devices and early
ambulation. Pharmacologic prophylaxis was performed in
56.1% of the patients. Among those patients, the three most
commonly used medications were unfractionated heparin
(97.1%), low–molecular-weight heparin (2.5%), and warfa-
rin (0.3%).

Variables significantly associated with undergoing phar-
macologic prophylaxis are delineated in Table 3. The factors
most significantly associated with undergoing pharmaco-
logic VTE prophylaxis were thoracic surgery (RR=1.62,
p<.001), anterior lumbar surgery (RR=1.32, p<.001), history
of prior VTE (RR=1.21, p=.006), ASA Class ≥III (RR=1.14,
p<.001), and multilevel procedure (RR=1.10, p=.007).
Perioperative blood transfusion was associated with de-
creased frequency of prophylaxis (RR=0.62, p<.001), but the
cause and effect of this relationship could not be determined.

In a univariate comparison, there was no significant as-
sociation between pharmacologic prophylaxis and incidence
of VTE (RR=1.32, p=.421; Figure).

In the multivariate analysis for associations with VTE in
the institutional cohort, independent risk factors for VTE are
delineated in Table 4. The factors most significantly associ-
ated with VTE in order of decreasing relative risk were
urinary tract infection (RR=16.05, p<.001), history of prior

Table 3
Multivariate regression for significant associations with undergoing phar-
macologic prophylaxis

BMI, body mass index; COPD, chronic obstructive pulmonary disease;
ASA, American Society of Anesthesiologists; A/P, anterior-posterior.

Shading indicates statistical significance at p<.05.
* Relative risk (95% confidence interval).
† Chart review variable.

Fig. Relative risk of experiencing venous thromboembolism or hematoma based on prophylaxis status, with or without controlling for other variables. Diamond
indicates relative risk; bar indicates 95% confidence interval. Black shading indicates that prophylaxis is significant at p<.05; gray shading indicates that the
variable is not significant. VTE, venous thromboembolism; OR, operating room.
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VTE (RR=9.48, p<.001), perioperative blood transfusion
(RR=3.56, p=.003), male gender (RR=2.64, p=.018), and
increasing BMI (RR=1.08 per unit, p=.030). Even with mul-
tivariate analysis, pharmacologic prophylaxis was not found
to significantly influence the rate of VTE (RR=0.68, p=.424).

The following subpopulations were analyzed based on in-
creased risk of VTE: age ≥65 years (N=863), male gender
(N=1,491), BMI ≥30 (N=1,218), lumbar procedure type

(N=2,124), and history of prior VTE (N=84). Following
multivariate analysis, pharmacologic prophylaxis was not as-
sociated with significant decrease in VTE incidence in any
of the subgroups.

The incidence of postoperative bleeding or hematoma re-
quiring a return to the operating room was 0.4% (11/2,855).
Ten of these were surgical site hematomas, whereas one
patient experienced bilateral cerebellar hematomas. Seven of

Table 4
Multivariate relative risk of venous thromboembolism in the institutional cohort, including chart review

BMI, body mass index; COPD, chronic obstructive pulmonary disease; SSI, surgical site infection; ASA, American Society of Anesthesiologists;
VTE, venous thromboembolism.

Shading indicates statistical significance at p<.05.
N (VTE) indicates the number of patients with each risk factor who experienced a VTE. N (risk factor) indicates the total number of patients with a given

risk factor, out of total N=2,855.
N/A indicates the variable could not be analyzed because N (VTE)=0 or because of covariance.
* Indicates relative risk (95% confidence interval).
† Indicates continuous variable, so all patients are included.
‡ Chart review variables.
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the hematomas presented with significant neurologic defi-
cits (63.6%), three presented with pain or wound drainage
(27.3%), and one presented with difficulty breathing (9.1%).
Among 10 patients experiencing hematoma who underwent
pharmacologic prophylaxis, 9 received unfractionated heparin
and 1 received low–molecular-weight heparin.

The incidence of postoperative hematoma requiring
reoperation was significantly greater among patients under-
going prophylaxis (0.62% undergoing prophylaxis versus .08%
not undergoing prophylaxis; RR=7.80, p=.020; Figure). In the
multivariate analysis for associations with postoperative he-
matoma (Table 5), the association with pharmacologic
prophylaxis (RR=7.37, p=.048) remained significant. There
was also a significant association with smoking (RR=3.16,
p=.048).

Discussion

The incidence of VTE in the NSQIP population under-
going elective spine surgery was found to be 0.61%. This is
on the low end of incidences typically reported in the spine
surgery literature, including prior studies using NSQIP [15,16].
This relatively low incidence may have been found because
of the exclusion of high-risk diagnoses (eg, trauma, neoplasm)
that past studies have shown to be associated with in-
creased risk of VTE [12,16,17]. In contrast, the incidence of
VTE in the institutional cohort was significantly greater at
1.23%. It is unclear whether this variation is due to patient
factors, differences in management, or vigilance of screen-
ing for VTE.

Independent risk factors for VTE identified in both na-
tional and institutional analyses included greater age, male
gender, increasing BMI, perioperative blood transfusion, longer
length of stay, and urinary tract infection. Several variables—
dependent functional status, lumbar surgery, greater operative
time, and various postoperative complications—identified as
risk factors in the national sample were not identified in the
institutional cohort. It is not clear whether these differences
are due to actual differences between the populations versus
effects that could not be identified because of a smaller sample
size in the institutional sample. Of note, several postopera-
tive complications (eg, stroke, cardiac arrest, and surgical site
infections) could not be assessed at the institutional level
because there were no incidences of VTE among patients also
experiencing the complication.

Notably, no medical comorbidity was associated with in-
creased risk of VTE in either the national or institutional
population. This finding contrasts with several past studies
that have identified conditions including cancer, hyperten-
sion, anemia, and high ASA class as risk factors [13,15,16].
Other notable variables not associated with increased inci-
dence of VTE were multilevel fusions and circumferential
fusions (compared with posterior fusion), whereas some prior
studies have identified these as risk factors [17,20].

Contrary to our hypothesis, pharmacologic prophylaxis did
not significantly decrease the incidence of VTE, even after
controlling for differences in patient and procedural factors
and patterns of prophylaxis usage. Further, in the subgroup
analysis among populations with increased VTE risk (eg, pa-
tients with history of prior VTE), there was no subgroup where
prophylaxis was associated with a significant change in the
incidence of VTE. This is not out of the spectrum of find-
ings in the literature where widely varying findings have been
reported concerning the efficacy of pharmacologic prophy-
laxis in preventing VTE in the spine population [7–11].

In a meta-analysis of VTE following elective surgery,
Sansone and colleagues found a significant reduction in DVT
with pharmacologic prophylaxis compared with only me-
chanical or no prophylaxis, although there were not enough
PE cases to evaluate [12]. Notably, Sansone and colleagues
could not perform multivariate analysis to assess for poten-
tial confounding variables because such data were not available
in the original studies. Additionally, the studies included in
the meta-analysis used active screening for VTE, so many
asymptomatic cases were included. It is possible that there
are different effects when comparing clinically evident venous
thromboembolic disease versus asymptomatic cases de-
tected on screening. In contrast, Schuster and colleagues
conducted a systematic review of elective thoracolumbar
surgery that found no change in VTE risk with pharmaco-
logic prophylaxis, although the study was limited by the small
sample size [9].

Although one could question if greater power might have
led to identifying a significant reduction of VTE in the current
study, it is important to note that pharmacologic VTE pro-
phylaxis was associated with a significant increase in the

Table 5
Multivariate relative risk of postoperative hematoma in institutional cohort

BMI, body mass index; COPD, chronic obstructive pulmonary disease;
ASA, American Society of Anesthesiologists.

Shading indicates statistical significance at p<.05.
* Relative risk (95% confidence interval).
† Chart review variable.
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incidence of bleeding complications requiring a return to the
operating room, even after controlling for patient factors that
may influence bleeding risk or prescribing patterns.

Although epidural hematoma and other bleeding compli-
cations are a commonly cited concern with prophylactic
anticoagulation after spine surgery, there is a lack of evi-
dence to decisively characterize the level of risk that
prophylaxis poses and to identify patients where benefits
outweigh risks [10]. The current study suggests that phar-
macologic prophylaxis with unfractionated heparin (97.1%
of prophylaxis used in the institutional cohort) was signifi-
cantly associated with an increased risk of bleeding
complications that require reoperation in elective spine surgery.
This finding supports the frequent assertion that these adverse
events are an important consideration before initiating pro-
phylaxis after elective spine surgery.

For patients who experienced a bleeding complication, the
use of chemoprophylaxis, the timing of first dose, and the
timing when the hematoma was recognized were assessed
(Appendix S1). Of note, 3 of the 10 patients who underwent
pharmacologic prophylaxis and subsequently sustained a he-
matoma received their first dose in the evening of Postoperative
Day 0. It is not clear whether this represents a significant dif-
ference from patients who did not experience a hematoma.
However, there is some evidence that the risk of bleeding
complications is increased with the earlier initiation of che-
moprophylaxis, so this finding may be consistent with existing
literature [21].

Although the prevention of VTE after spine surgery has
been previously studied in the literature, the current inves-
tigation makes several notable contributions. Although prior
studies of chemoprophylaxis after elective spine surgery have
generally featured sample sizes ranging from 40 to 400
[7,21–23], the current study’s large sample size of nearly 3,000
enables a more accurate assessment of relatively rare events,
VTE and postoperative hematoma. This may be particularly
relevant concerning hematomas, as the rate of postoperative
bleeding complications requiring reoperation was less than
1 per 250 patients, meaning that prior studies likely could not
study these events with adequate power. Additionally, the
current study featured an internal control group of patients
who did not undergo pharmacologic prophylaxis, meaning
that differences between the control and treatment groups could
be identified and controlled for and that both groups fea-
tured the same inclusion and exclusion criteria. In contrast,
many prior investigations have been case series where all pa-
tients underwent the same treatment, and any comparisons
were to historical rates in other manuscripts, meaning pop-
ulation differences could not be characterized [7,21–23]. These
represent meaningful strengths over prior studies evaluating
the risks and benefits of pharmacologic VTE prophylaxis after
spine surgery.

Compared with prior studies relying on the NSQIP data-
base, the current study is novel in combining national data
and single-institution data that were supplemented with a tar-
geted chart review to investigate VTE after elective spine

surgery. This approach combines the large sample sizes, 30-
day follow-up, and high-quality data abstraction by trained
NSQIP reviewers with key variables for studying VTE that
are not available in the database. The connection with
NSQIP data also provided a large number of other variables
to control for potential associations with which patients un-
derwent prophylaxis and developed a VTE or a bleeding
complication [19]. To our knowledge, this is also the first study
of VTE incidence using NSQIP to focus solely on elective
spine surgery, whereas prior studies have included all spine
cases, which could affect study results [15,16]. Additional-
ly, compared with other database studies, NSQIP provides
specific variables to confirm whether cases are elective,
meaning that the current study offers a more accurate sample
of elective cases compared with VTE studies that have used
other databases.

The current study is limited by several factors, most notably,
its retrospective, observational nature. Randomized con-
trolled trials are needed to better evaluate the role of
prophylactic anticoagulation in VTE and its risk of bleed-
ing complications. Another limitation is that the overwhelming
majority of patients on prophylaxis received unfractionated
heparin. Because of the retrospective design of the study,
the choice of a prophylactic agent was entirely due to indi-
vidual surgeons’ practices. There is some evidence supporting
low–molecular-weight heparin as a safe option for antico-
agulation after elective spine surgery, although this study
used a relatively small sample size and may have been un-
derpowered [21], and newer studies are beginning to assess
novel oral anticoagulants as well [24]. It was not possible to
compare the efficacy of various anticoagulants in the current
study, and other anticoagulants may potentially demon-
strate superior results compared with unfractionated heparin;
however, anticoagulants may also be associated with bleed-
ing risks or concerns, necessitating further study of these other
agents.

Although the overall study benefited from a large sample
size, some of the high-risk subgroups had small sample sizes
that may have limited the power to detect an effect of pro-
phylaxis on VTE incidence. Dedicated investigation of these
subpopulations may potentially demonstrate a greater benefit
of anticoagulation compared with the entire population.
Another limitation was the ability to monitor for VTEs only
through Postoperative Day 30. Although the timing of VTE
after elective spine surgery has not been conclusively estab-
lished, it is possible that some cases occurred beyond the
monitoring period, which could potentially influence results.

In conclusion, VTE is a well-recognized and potentially
dangerous complication of elective spine surgery, creating a
need for safe and effective prophylactic measures. The current
study found that pharmacologic prophylaxis predominantly
with unfractionated heparin did not significantly decrease the
risk of VTE but significantly increased the risk of bleeding
events requiring reoperation. Current guidelines state that there
is generally insufficient evidence to support the routine use
of chemoprophylaxis in low-risk patients, and the findings
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of the current study support the need for further risk-benefit
considerations.
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