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Abstract BACKGROUND CONTEXT: The anterior approach to the lumbar spine is increasingly used to
accomplish various surgical procedures. However, the incidence and risk factors for complications
associated with anterior lumbar spine surgery (ALS) have not been fully elucidated.
PURPOSE: To identify and document types of complications and complication rates associated
with ALS, determine risk factors for these events, and evaluate the effect of measures used to de-
crease complication rates.
STUDY DESIGN: Systematic review and meta-analysis.
METHODS: A systematic review of the English-language literature was conducted for articles
published between January 1992 and December 2013. A MEDLINE search was conducted to iden-
tify articles reporting complications associated with ALS. For each complication, the data were
combined using a generalized linear mixed model with a binomial probability distribution and a
random effect based on the study. Predictors used were the type of procedure (open, minimally in-
vasive, or laparoscopic), the approach used (transperitoneal vs. retroperitoneal), use of recombinant
bone morphogenetic protein-2, use of preoperative computed tomography angiography (CTA), and
the utilization of an access surgeon. Open surgery was used as a reference category.
RESULTS: Seventy-six articles met final inclusion criteria and reported complication rates in
11,410 patients who underwent arthrodesis and/or arthroplasty via laparoscopic, mini-open, and
open techniques. The overall complication rate was 14.1%, with intraoperative and postoperative
complication rates of 9.1% and 5.2%, respectively. Only 3% of patients required reoperation or re-
vision procedures. The most common complications reported were venous injury (3.2%), retrograde
ejaculation (2.7%), neurologic injury (2%), prosthesis related (2%), postoperative ileus (1.4%),
superficial infection (1%), and others (1.3%). Laparoscopic and transperitoneal procedures were as-
sociated with higher complication rates, whereas lower complication rates were observed in patients
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receiving mini-open techniques. Our analysis indicated that the use of recombinant bone morpho-
genetic protein-2 was associated with increased rates of retrograde ejaculation; however, there may
be limitations in interpreting these data. Data regarding the use of preoperative CTA and an access
surgeon were limited and demonstrated mixed benefit.
CONCLUSIONS: Overall complication rates with ALS are relatively low, with the most common
complications occurring at a rate of 1% to 3%. Complication rates are related to surgical technique,
approach, and implant characteristics. Further randomized controlled trials are needed to validate
the use of preventative measures including CTA and the use of an access surgeon. � 2015 Elsevier
Inc. All rights reserved.
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Introduction

The rate of lumbar arthrodesis has steadily increased
over the past couple of decades and can be readily accom-
plished via anterior, posterior, or combined approaches [1].
Originally developed for the treatment of tuberculous le-
sions in the early 20th century, anterior approaches are
now used for a wide array of degenerative, deformity, tu-
mor, trauma, and infection-related spinal pathologies [2].
Proponents of the anterior approach cite direct access to
the anterior vertebral column, allowing more extensive de-
compression of the interbody space and better end plate
preparation for arthrodesis as a critical advantage [3].
Moreover, the ability for improved deformity correction
without posterior approach–related morbidity, such as neu-
rologic injury and paraspinal muscle trauma, is often re-
ported as a major advantage [4].

Despite its appeal as a surgical option for access to the
intervertebral space, however, anterior lumbar spine sur-
gery (ALS) is associated with various intraoperative and
postoperative complications. Considerable anatomic varia-
tions exist in the neurovascular structures anterior to the
lumbar vertebral column. Reported complications are
myriad, including intraoperative vascular, neurologic, and
visceral injury, as well as postoperative complications, such
as thromboembolism, infection, retrograde ejaculation
(RE), and implant-related complications. In an effort to re-
duce these risks, access surgeons are often used to facilitate
safe visualization of the vertebral space while protecting at-
risk vascular and neurologic structures. Additionally,
preoperative imaging, including computed tomography
angiography (CTA), is used to fully define the vascular
anatomy and identify anatomic aberrations.

Currently, diverse literature exists regarding the inci-
dence and impact of various complications associated with
ALS. Additionally, given the variety of surgical approaches
and procedures, guidelines for effective complication man-
agement are numerous and inconsistent. In this study, we
intend to present a systematic literature review of the inci-
dence and risk factors for complications after anterior lum-
bar procedures. Additionally, we aim to specifically answer
the following questions: What is the incidence of intraoper-
ative and postoperative complications associated with

ALS?; what risk factors contribute to an increased rate of
complications?; and what measures decrease the incidence
of intraoperative and postoperative complications?

Materials and methods

Search strategy

A systematic MEDLINE search via PubMed was per-
formed using various combinations of the following search
terms: ‘‘anterior lumbar,’’ ‘‘surgery,’’ ‘‘procedure,’’ ‘‘opera-
tion,’’ ‘‘lumbar fusion,’’ ‘‘lumbar arthroplasty,’’ and ‘‘com-
plications.’’ Peer-reviewed articles published between 1992
and 2013 reporting the incidence of complications during
ALS were included. Case reports, editorials, reviews with-
out quantitative data, and articles not written in the English
language were excluded. Studies including trauma, tumor,
or infection as primary surgical indications for greater than
5% of the study population were excluded. If multiple ar-
ticles from the same author(s) clearly reported the same co-
hort of patients, only the most recently published articles
with the largest sample size were included. To expand the
search results, reference lists of key articles were also ex-
amined for eligible articles.

Data extraction

Data were extracted by two authors (PWM, NS) and in-
dependently reviewed by a third author (DKB). All articles
were reviewed and analyzed to extract the following data:
study design, type of surgical procedure and approach,
number of patients and demographic information, partici-
pation of an access surgeon, utilization of preoperative
CTA, use of recombinant bone morphogenetic protein-2
(rhBMP-2), and reported complications. The type of
surgical procedure was classified as described by the
original study author (eg, ‘‘minimally invasive’’ or
‘‘mini-open’’ vs. open). An access surgeon was defined
as ‘‘a vascular, urological, or general surgeon who con-
ducts the surgical exposure instead of solely the orthopedic
surgeon’’ [5]. Complications were stratified into two cate-
gories: intraoperative or approach related (hereinafter
referred to as intraoperative) and postoperative. If a study
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