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ABSTRACT

Objective: To determine the safety and efficacy of the proposed venous thromboembolism (VTE) prophylaxis
regime in patients undergoing anterior lumbar interbody fusion (ALIF) surgery.

Background: Deep vein thrombosis (DVT) and pulmonary embolism (PE) are recognized complications after

spine surgery, with rates in the literature ranging from 0% to 14% with some form of prophylaxis. Pharmacological
thromboprophylaxis can cause postoperative bleeding and hematomas, which can result in significant neural
compromise or permanent injury, and wound complications. ALIF surgery involves the handling and compression of

major abdominal vessels during surgery and this adds to the risk of both arterial thrombosis and VTE.
Methods: A retrospective review of data, which were prospectively collected to evaluate the incidence of VTE in

200 consecutive patients undergoing ALIF following our VTE prophylaxis protocol. All patients had low molecular

weight heparin, tinzaparin 4500 units subcutaneously on the evening before surgery, then daily for 3 to 5 days, then
aspirin (acetylsalicylic acid) 150 mg daily plus lansoprazole 30 mg daily for 4 weeks after surgery. All patients had
intermittent pneumatic compression of their calves and thighs intraoperatively and for 24 hours postoperatively then

had early mobilization and thromboembolic deterrent stockings for 6 weeks.
Results: There was no incidence of any symptomatic VTE in the any of the 200 patients and no loss to follow-up.

There was a 0% incidence of injury to the iliac vessels, symptomatic arterial occlusion, wound hematoma, major
intraoperative bleeding, need for transfusion, symptomatic GI bleed, or retroperitoneal hematoma requiring

intervention.
Conclusions: The proposed VTE prophylactic regime is safe and efficacious and may decrease the incidence of

symptomatic VTE in patients undergoing an ALIF procedure, and despite the use of chemical thromboprophylaxis,

there is no evidence of bleeding complications as a result of using this regime.
Level of Evidence: 4.
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Keywords: ALIF, anterior lumbar interbody fusion, VTE, venous thromboembolism, prophylaxis, pulmonary
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INTRODUCTION

Deep vein thrombosis (DVT) and pulmonary
embolism (PE) are recognized complications after
spine surgery, with rates in the literature ranging
from 0% to 14% with some form of prophylaxis.1–3

Venous thromboembolism (VTE) can result in
associated morbidity and mortality and, as a
consequence, numerous organizations have suggested
guidelines to address the issue.4–6 However, there is a
relative paucity of information available regarding
the relative incidence of VTE complications for

specific antithrombotic prophylactic measures within

specific spine surgery patient subpopulations, such as

patients undergoing anterior lumbar interbody fusion

(ALIF) surgery.7 Furthermore, there is not enough

data to definitively state the rate of clinically

symptomatic DVT or PE for each type of spinal

surgical intervention and the prophylactic measures

that could be used, along with the risk to benefit ratio

of those prophylactic measures.

There have been guidelines proposed to reduce

the risk of VTE in orthopedic surgery, especially hip
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and knee replacement surgery and orthopedic
trauma.4–6,8 Within the specialty of Spine Surgery,
the British Association of Spinal Surgeons has
proposed a method for stratifying patient risk in
terms of their individual risk factors for bleeding
and thrombosis risk along with the bleeding and
thrombosis risk of the broad category of spinal
procedure they are undergoing. From these data,
they make general recommendations on the merits
of use of mechanical and chemical prophylaxis, with
a suggestion that all patients undergoing anterior
lumbar surgery receive both mechanical prophylaxis
and early addition of chemical prophylaxis unless
bleeding risks are high.8 Due to the wide variation
of both patient risk factors and individual spinal
procedure, it is difficult to standardize a regime for
all spinal surgery patients. Clearly the risks and
rewards of prophylaxis must be considered for
specific patients. Pharmacological thromboprophy-
laxis can cause postoperative bleeding and hemato-
mas, which can result in significant neural
compromise or permanent injury, and wound
complications.9,10 It is for this reason that pharma-
cological thromboprophylactic treatment has never
been met with universal acceptance from spine
surgeons.

In terms of surgery specific risks, anterior lumbar
spine surgery involves the handling and compres-
sion of major abdominal vessels during surgery and
this adds to the risk of both arterial thrombosis and
VTE.11

To date, the guidelines available relating to VTE
prophylaxis in elective anterior lumbar spinal
surgery make only generalized recommendations
with regard to mechanical and chemical prophylax-
is, they are largely open to surgeon interpretation
and preference, with no specific pharmacological
regimes suggested. Herein we evaluate the incidence
of VTE after ALIF using a combination of
mechanical and pharmacological thromboprophy-
laxis preoperatively and postoperatively. We report
the outcomes of adult patients undergoing ALIF
and provide what the authors believe is the first
ALIF-specific protocol for the perioperative pre-
vention of VTE in the published literature. This
regime was adopted from Gold Coast Spine,
Australia.

METHODS

A retrospective review of data that were prospec-
tively collected to evaluate the incidence of VTE in

patients undergoing ALIF following our treatment
protocol and to assess its efficacy in prevention and
associated complications. We identified 200 consec-
utive patients who underwent ALIF for degenera-
tive conditions from 2013 to 2017.

A standard left (or right) sided mini-open
anterior retroperitoneal approach was used; an
Omni-Tract (Omni-Tract Surgical) Wishbone Style
table-mounted abdominal retractor was used to help
retract the abdominal contents. Lateral retraction of
the left and right common iliac vessels was
performed for the L4/5 level and above with pins
into the vertebral body. For the L5/S1 level, the
vessels were moved laterally, and pins were inserted
into the vertebral body. As a general principle, the
operating surgeon attempted to minimize the time
where the vessels were under retraction; however,
there was no effort to temporarily release the
pressure on the vessels during the procedure to
intermittently restore blood flow as some surgeons
advocate. Care was taken to handle the vessels very
carefully to minimize the risk of injury and
thrombotic events.

The standard procedure for all cases was to use
perioperative cell salvage and re-transfuse the
patients if there was significant bleeding. All
patients had low molecular weight heparin
(LMWH), tinzaparin 4500 units (Innohep; LEO
Pharma A/S, Ballerup, Denmark), subcutaneously
on the evening before surgery, then daily for 3 to 5
days (whilst an in-patient) and then aspirin (ace-
tylsalicylic acid) 150 mg daily plus lansoprazole 30
mg daily for 4 weeks after surgery. All patients wore
thromboembolic deterrent stockings (TEDS) for a
total of 6 weeks from the time of surgery. All
patients had intermittent pneumatic compression of
their calves and thighs (Flotron) intraoperatively
and for 24 hours postoperatively. Patients were
mobilized the morning after surgery.

All patients were routinely reviewed in the
outpatient clinic at 2, 6, 24, and 52 weeks. The
records of all patients were reviewed for the
incidence of VTE. All patients were asked specifi-
cally at their 6-month review point if they had
undergone any VTE investigations or treatments, to
identify any patients who might have had a VTE in
between clinic appointments or in other hospitals.

RESULTS

Two hundred consecutive patients were included
in the study. The average age was 44.6 (28–70.3)
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years. One hundred eighteen patients were female.
The ALIF was performed for a single level in 184
patients, mostly at L4/5 or L5/S1 (see Table 1). One
of the patients had ALIF at L5/S1 that was a
revision procedure of a previous ALIF.

The most common indication for surgery was
neuroforaminal stenosis caused by loss of disc
height in 59 patients (see Table 2). Fourteen patients
had previously had a posterior approach and spinal
fusion and the ALIF was performed due to ongoing
pain and nonunion. All 61 patients with spondylo-
listhesis or with a failed posterior fusion had a
combined procedure of both an ALIF and a
posterior stabilization at the same sitting.

There was no incidence of any symptomatic VTE
in the any of the 200 patients, and there was no loss
to follow-up. There was a 0% incidence of injury to
the iliac vessels, symptomatic arterial occlusion,
wound hematoma, major intraoperative bleeding,
need for transfusion, and no symptomatic retroper-
itoneal hematoma requiring intervention. There
were no symptomatic GI bleeds. There were 2
superficial wound infections treated with oral
antibiotics, one of which required a negative
pressure wound therapy dressing for 10 days.

DISCUSSION

This review of patients reveals a 0% incidence of
clinically detectable VTE in our patient sample, an
incidence that is lower than the 0.4% to 2.4% in the
published literature following ALIF surgery.10,12–16

A large retrospective analysis of 1474 patients
undergoing single-level ALIF surgery registered in
the American College of Surgeons National Surgical
Quality Improvement database suggests a 0.8%
postoperative risk of PE and 0.9% risk of DVT
requiring therapy. No further information is avail-
able on the use of mechanical and chemical
thromboprophylaxis in this large multicenter study.
ALIF surgery is thought to carry a higher risk of
thromboembolic complications compared with pos-
terior lumbar surgery due to the handling and

retraction of the major vessels adjacent to the
surgical field during the procedure.10,12–17

Unfortunately, the majority of current published
literature regarding ALIF surgery does not detail
the precise thromboprophylactic regime used. The
minority that do detail their regime tend to use some
form of mechanical compression device at the time
of surgery and immediately postoperation without
any form of chemical prophylaxis.14,15

Brau14 reported a retrospective analysis of 686
patients undergoing ALIF surgery with a regime of
mechanical compression device prophylaxis alone
during surgery. No chemical thromboprophylaxis
was used nor was routine postoperative DVT
screening part of their protocol. They reported a
1.0% symptomatic DVT rate, of those 7 patients 5
had a below knee DVT and 2 had an above knee
DVT. There were no patients recorded with a
symptomatic PE.14

In a comparable study, Garg et al.15 reported 212
ALIF cases and used a similar protocol of a
mechanical compression device from surgery until
discharge with no chemical thromboprophylaxis.
They reported a 2.4% rate of symptomatic DVT
without routine Doppler screening.15

There is very limited literature available on
centers that use chemical thromboprophylaxis or a
combination of mechanical and chemical prophy-
laxis in ALIF surgery. Mehren et al.18 report a
retrospective German case series of 120 patients
who underwent ALIF surgery. All patients had a
postoperative regime of LMWH until fully mobile;
no details are provided regarding the use of
mechanical thromboprophylaxis, and patients un-
derwent early mobilization from day 1. With this
regime, they reported no instances of significant
vessel injury or major bleeding and 1 case of DVT
(0.8%).18

One Australian study looking at 188 patients
undergoing ALIF or similar total disc replacement
lumbar surgery reports using continuous pulse
oximeter monitoring on the great toes, if there was
any significant reduction in the reading after vessel

Table 1. Level of anterior lumbar interbody fusion procedure.

Level Number of Patients Percentage

L3/4 1 0.5
L4/5 77 38.5
L5/S1 106 53
L3/4 and L4/5 1 0.5
L4/5 & L5/S1 14 7
L3/4, L4/5, and L5/S1 1 0.5
Total 200

Table 2. Indication for procedure.

Indication Number of Patients Percentage

Neuroforaminal stenosis 59 29.5
Spondylolisthesis 47 23.5
Revision discectomy 45 22.5
Degenerative disc disease 35 17.5
Revision for posterior nonunion 14 7
Total 200
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retractor placement, then a single shot of unfrac-
tionated heparin was administered intraoperatively
to achieve anticoagulation for 30 minutes. In their
study of 188 patients, they used heparin in 38.3% of
patients and had 1 patient with a DVT (0.5%).19

Overall, they found a small statistically significant
increase in the amount of blood loss with those
receiving heparin. Our study did not look at the
estimated blood loss for each patient; however,
increased blood loss does not seem to be a major
issue with this regime. There were no episodes of
major vessel injury or bleeding, and cell salvage was
not required in any of the patients who were
included in this study; however, it is important to
consider that preoperative anticoagulation could
result in difficulty in controlling bleeding, which
could occur with the rare complication of major
vessel injury. This is a potentially devastating
complication, but in the hands of an experienced
spine and/or vascular surgeon, the risk should be
mitigated through meticulous surgical technique
and soft tissue handling. This study has shown a
low incidence of vascular injury in the hands of a
surgeon performing anterior lumbar spinal surgery
regularly (0%).

No studies were available looking at aspirin as
chemical prophylaxis in ALIF or comparable
lumbar disc replacement surgery. However, there
is a precedent for aspirin use in some centers for
posterior lumbar surgery, as well as other orthope-
dic surgery.20–22

Another major factor in the development of VTE
in ALIF surgery is thought to be the method of and
duration of vessel retraction during the procedure.
Some authors have criticized the use of Steinman
pin or fixed abdominal retractor retraction of the
vessels due to the perceived increased risk of arterial
occlusion, vascular wall injury, and VTE.9,23,24 It is
the standard practice of the senior author to use
Steinman pin retraction of the vessels, and in this
study of 200 patients we did not identify any
instances of these complications.

The design of this study did not involve routine
ultrasound scanning of all patients postoperatively,
so it is not possible to comment on the rate of
asymptomatic DVT in this patient group. However,
the significance of clinically undetectable DVTs
remains controversial. The study also did not seek
to examine the patients’ risk factors for VTE at
baseline nor did it look at previous anticoagulation
therapy for other medical conditions. The major

limitation of this study is the sample size since VTE
is a relatively rare complication following ALIF
surgery.10,12–16

There are a number of facets to the regimen
described and understandably there may be con-
cerns regarding potential cost implications. It is only
possible to discuss the cost based on a UK health-
care system in the National Health Service. The
total cost for the duration of treatment is £146.36,
but this does not include the cost of TEDS or
pneumatic compression cuffs used. There is signif-
icant morbidity associated with VTE along with the
potential of an increased/additional length of stay.
The exact cost of this is difficult to determine but in
terms of increased/added bed stay alone this is
around £400 per day. This does not take into
account the cost of ongoing treatment for VTE such
as treatment with Factor Xa inhibitors, which costs
a minimum of £180 for a 3-month course of
treatment.

Overall there is a paucity of good evidence
regarding the risks and benefits of mechanical and
chemical prophylaxis in ALIF surgery. We believe
this is the first study to propose a specific regime for
the perioperative mechanical and chemical preven-
tion of VTE in patients undergoing anterior lumbar
surgery with robust patient numbers and document-
ed efficacy of the regime. It is also in line with the
National Institute for Health and Care Excellence
guidelines for VTE thromboprophylaxis in spinal
surgery and the British Orthopaedic Association
and British Association of Spinal Surgeons guide-
lines for anterior lumbar spine surgery.4,8

CONCLUSION

The proposed VTE prophylactic regime is safe
and efficacious and may decrease the incidence of
symptomatic VTE in patients undergoing an ALIF
procedure. Clearly, routine postoperative vein
imaging would be needed to confirm the complete
absence of VTE using this technique; however, we
have demonstrated a reduction in the symptomatic
VTE rate following ALIF surgery as compared with
the general reported rates in the ALIF literature. In
addition to the VTE prophylaxis, the authors
believe that that careful patient selection, early
mobilization, and minimizing the time the abdom-
inal vessels are under tension are all key factors in
reducing the incidence of VTE; although these were
not specifically investigated in this study. Further-
more, we believe that despite the use of chemical
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thromboprophylaxis, there is no evidence of bleed-
ing complications as a result of using this regime.
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