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Abstract

Purpose Anterior lumbar interbody fusion (ALIF) is a well-established alternative to posterior-based interbody fusion tech-
niques, with approach variations, such as retroperitoneal, transperitoneal, open, and laparoscopic well described. Variable
rates of complications for each approach have been enumerated in the literature. The purpose of this study was to elucidate
the comparative rates of complications across approach type.

Methods A systematic review of search databases PubMed, Google Scholar, and OVID Medline was made to identify stud-
ies related to complication-associated ALIF. PRISMA guidelines were utilised for this review. Meta-analysis was used to
compare intraoperative and postoperative complications with ALIF for each approach.

Results A total of 4575 studies were identified, with 5728 patients across 31 studies included for review following applica-
tion of inclusion and exclusion criteria. Meta-analysis demonstrated the transperitoneal approach resulted in higher rates of
retrograde ejaculation (RE) (p <0.001; CI=0.05-0.21) and overall rates of complications (p =0.05; CI=0.00-0.23). Rates
of RE were higher at the L5/S1 intervertebral level. Rates of vessel injury were not significantly higher in either approach
method (p =0.89; CI= —0.04-0.07). Rates of visceral injury did not appear to be related to approach method. Laparoscopic
approaches resulted in shorter inpatient stays (p=0.01).

Conclusion Despite the transperitoneal approach being comparatively underpowered, its use appears to result in a signifi-
cantly higher rate of intraoperative and postoperative complications, although confounders including use of bone morpho-
genetic protein (BMP) and spinal level should be considered. Laparoscopic approaches resulted in shorter hospital stays;
however, its steep learning curve and longer operative time have deterred surgeons from its widespread adaptation.

Keywords Anterior lumbar interbody fusion - Approach - Complications - Outcomes

Introduction

The anterior approach to the lumbar spine affords excel-
lent exposure, most commonly applied to the lower lumbar
levels (L5/S1 and L4/5) [12]. The specific benefits of this
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approach at these levels include enabling greater volume of
disc removal [36] with excellent preparation of the endplates
prior to insertion of an interbody cage or graft [53], thereby
allowing increased contact surface area for better fusion
rates [74]. Lower operative blood loss and operative times
have been reported when compared to posterior approaches
[24], in addition to a reduced risk of adjacent segmental
disease [49]. The avoidance of thecal sac manipulation
inherently reduces risk of dural injury [61]. The advantages
conferred by the anterior approach have made it an increas-
ingly popular option for a variety of conditions including
degenerative disc disease, spondylolisthesis, spinal deform-
ity [23], and infection [53].

Acceleration of surgical techniques has been achieved
through a myriad of avenues including preoperative plan-
ning using 3D printed patient specific dimensions, virtual
reality-based simulation training, and advancements in
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surgical instruments used intraoperatively. The intro-
duction of the DaVinci Robot by access surgeons in the
approach to the anterior lumbar spine has yielded posi-
tive surgical outcomes [22]. A growing area of interest
is current implant use, which has been the recent focus
in research to enhance osteointegration to achieve better
fusion rates [37]. Novel techniques in spinal fusion have
recently been explored to minimise patient complications
and hospital length of stay, with computer-assisted navi-
gation used to increase accuracy of pedicle screw place-
ment compared to freehand placement [47]. Efforts to
mitigate against complications associated with the pro-
cedure have led to the development of variations on the
surgical approach [63]. In particular, risk of to the great
vessels is inherent in their mobilisation [57], whilst also
at risk are the peritoneal visceral contents [30] and the
ureter [30]. Damage to the hypogastric plexus may result
in retrograde ejaculation in men [20]. Adequate position-
ing of interbody devices and minimising risk of device
migration are also considerations in the type of anterior
approach undertaken [1].

The goal of this review is to systematically analyse the
literature to determine the rates of complications associ-
ated with the variations in the anterior approach in lumbar
interbody fusion (ALIF) and other quantitative compari-
sons that exist within available evidence.

Fig.1 PRISMA flowchart

Methods
Search strategy

A systematic search in accordance with Preferred Reporting
Items for Systematic reviews and Meta-Analysis (PRISMA
[55]) guidelines was made of electronic databases including
PubMed, OVID Medline, and Google Scholar, with study
selection identification up to November 2020 (Fig. 1). Broad
search terms to ensure adequate capture were used, using
a combination of “Anterior Lumbar Interbody”, “ALIF”,
“Complications”, “Lumbar Interbody Fusion” as keywords
or MeSH search terms. This study was registered with
PROSPERO under registration number: CRD42020220449.

Abstracts of relevant titles were read, with inclusion and
exclusion criteria applied (Table 1), and if the inclusivity of
the study was uncertain the study was read in full. Reference
lists of included articles were evaluated for any additional
research suitable for assessment. Data extraction was car-
ried out independently by two reviewers (AF, IF), with 2
and 8 years specialty training completed including dedicated
spinal unit residency rotations undertaken. Results were col-
lated and presented in a systematic fashion below.

Study quality was assessed using the Risk of Bias Tools
as per Cochrane guidelines.

Ad hoc tables were designed to summarise data from the
included studies and show their key characteristics including
method of fusion and use of access surgeons (Table 2) and
any important questions related to the aim of this review
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Table 1 Inclusion and exclusion
criteria

Review criteria

Inclusion

Exclusion

Patient population
Study types

Level of evidence <1V

Publication type
Operative methods

> 18, anterior interbody fusion,

In vivo

Peer reviewed, English
ALIF only

< 18, oblique or lateral approaches
Systematic reviews, case reports
>V

Abstracts, letters

Mixed approaches, disc arthro-
plasty, unclear methods

Table 2 Studies by approach method

Laparoscopic/other Open
Transperitoneal 2 0
Retroperitoneal 3 16
Mixed methods 10

(Tables 3 and 4). Complication rates for operative metrics,
access complications, and overall complications were pooled
for inter-group analysis. Meta-analysis on rates of retrograde
ejaculation and vascular injuries was carried out using Rev-
Man 5.4 using a fixed effects method to evaluate risk differ-
ence between approach groups. A difference in complication
rates with a p value of < 0.05 was taken as significant.

Results

Our search yielded 4575 publications. The 31 studies sat-
isfying inclusion criteria included a total of 5728 patients,
5408 undergoing and ALIF via a retroperitoneal approach,
320 via a transperitoneal approach, with methods enumer-
ated below (Table 2).

Included studies in this review consisted of two ran-
domised control trials: 10 prospective cohort studies and 19
retrospective studies. There was a trend toward the retrop-
eritoneal approach with all study methodologies. Bias was
assessed using Cochrane recommended tools for systematic
reviews, with no studies deemed high risk during assess-
ment. Non-randomised control trials studies were assessed
using ROBINS-I tool, generally demonstrating unclear risk
in relation to missing data, measurement of outcomes, and
bias in selection of reported results, in part due to the study
methodologies of retrospective data collection.

Complications

Simple pooling of outcomes evaluated was carried out across
studies included for review to assess perioperative and post-
operative outcomes between approach methods. Complica-
tions included for analysis included rates of RE, vascular
injury, haematological complications including deep venous

thrombosis and haematoma formation, injury to the viscera,
development of Dural tears, wound infections, hernias, and
the incidence of postoperative ileus. Total patients included
per group were used for analysis, except rates of RE. Where
no gender breakdown was available in the studies, compli-
cation and patient population were excluded, with results
summarised below (Table 5).

Meta-analysis

Meta-analysis of studies directly comparing transperitoneal
and retroperitoneal approaches for overall complications,
rates of retrograde ejaculation (RE), and vessel injury was
carried out, with 5 studies included for analysis of RE and 3
studies comparing vascular outcomes, and overall outcomes
between approaches. An I* value of 0-41% demonstrated
for all comparisons, demonstrating moderate homogeneity.

Retrograde ejaculation

Comparative studies demonstrated a significantly higher risk
of RE (Fig. 2) using the transperitoneal approach (p <0.001;
CI=0.05-0.21).

Vessel injury

Number of vessel complications in comparative studies
had a generally low reporting (Fig. 3); however, rates of
vessel injury by approach were not found to be significant
(p=0.89; CI=—0.04-0.07).

Overall complications

Data regarding overall complications (Fig. 4) was reported
in only 3 comparative studies. The mean number of peri and
postoperative complications in the retroperitoneal (n=>5)
and transperitoneal (n=6) groups, respectively, with this
difference deemed not statistically significant (p =0.05;
CI=0.00-0.23). The I* value was 41%.
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Table 4 Retroperitoneal and mixed methods studies

Sasso et al.
(2003) [65]

Kaiser et al.
(2002) [35]

Frantzides et al.

(2006) [26]

Escobar et al.
(2003) [25]

Cowles et al.
(2000) [21]

Burkus et al.
(2002) [14]

Lavelle et al.
(2014) [39]

Zdeblick and
David (2000)
[74]

Geerdes et al.
(2001) [28]

Prospective
comparative
study

N: 146

M:F 146:0

Retrospective
comparative
study

N: 98

M age: 43

M:F 43:55

Retrospective
cohort study

N: 28

M age: 43

M:F 15:13

Retrospective
comparative
study

N: 135

M age: 43

M:F 50:85

Retrospective
comparative
study

N:75

M age: 45/41

M:F 33:43

RCT

N:279

M age: 43.3
M:F 146:133

RCT
N:73
M age: 44
M:F 32:42

Prospective
comparative
study

N: 50

M age: 40.5

M:F 24:26

Retrospective
cohort study

N: 30

M age: 43

M:F 8:22

Degenerative
disc disease

DDD spon-
dylolisthesis
(G1) Pseu-
doarthrosis
multiple
diagnoses

Degenerative
disc disease
spondylolis-
thesis post
laminectomy
syndromes

Degenerative
disc disease
Spondylolis-
thesis
Previous fusion
pseudoarthrosis

Degenerative
disc disease
Failed previous

surgery

Degenerative
disc disease

Spondylolis-
thesis

Degenerative
disc disease
Discogenic back

pain

Discogenic pain
Pseudoarthrosis
Failed surgery

Discogenic back
pain

Radiculopathy

Degenerative
disc disease

Retroperitoneal
n: 116
Transperitoneal
n: 30
Position: supine
Transperitoneal
[35, 48]
Position: NA

Transperitoneal
Position: Tren-
delenburg

Retroperitoneal
video assisted
n: 30

Transperitoneal
insufflation
n: 34

Position: NA

Transperitoneal
Position: Tren-
delenburg

Retroperitoneal
n: 226 + trans-
peritoneal
n: 53

Position: supine

Retroperitoneal
n: 17 Trans-
peritoneal
n: 56

Position: NA

Transperitoneal
n: 25 Retrop-
eritoneal n: 25

Position: NA

Transperitoneal
Position: Tren-
delenburg

Open

Laparoscopic
n: 47
Mini-open n: 51

Laparoscopic

Retroperitoneal:
open (G4) (n:
20)

Video assisted
(G2) (n: 30)
Transperitoneal
insufflation
(G1) (n: 34)

Mini-lap
extraperitoneal
(G3) (n: 30)

Laparoscopic
n: 55+ open
n: 20

Open

Midline
(trans) + para-
median (retro)

Laparoscopic
n: 254 mini-
open n: 25

Laparoscopy

rhBMP-2 (n:
78)

Iliac crest bone
graft (n: 68)

NA

BAK

RAY

Lordotic LT
cages

Iliac bone
graft+BMP

Posterior
pedicle screw
n: 10

Cylindrical cage

Bone grafting

NA

LT-CAGE

BMP n: 143

Iliac crest bone
graft n: 136

BAK n: 32
SAC n: 41
ICBG

BAK

Lordotec

Femoral cortical
Interbody
fusion allo-
graft

BAK

One level L4/L5S Y

or L5/S1

Single level

n: 88
L5/S1 n: 81
L4/L5 n: 7
Two level n: 10
L4/S1 n: 9
L3/L5n: 1

Single level
L5/S1 n: 28

NA

Single level
L4/LS5 n: 69
L5/S1 n: 109
L5/L6 n: 1

Single level
LA4/L5 n: 19
L5/S/1 n: 37
Two level

L4/S1 n: 17

Y

Y

N

NA

Single level L4/ Y (Lap group)

L5

Single level
L4/L5 n: 3
L5/S1 n: 25
Two level
L4/S1n:2
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Table 4 (continued)

Chung et al. Prospective Discogenic back Transperitoneal Mini-open n: 22 Brantigan car-  Single level Y (Lap group)
(2003) [19] comparative pain n: 22 Retrop-  Laparoscopic bon cage L5/S1
study eritoneal n: 22 n: 22
N:44 Position: NA
M age: 49.5
M:F 11:33
Safaee et al. Retrospective Spondylolis- Retroperitoneal ~ Open NA Single level n: Y
(2020) [62] cohort study thesis n: 898 350
N:938 Deformity Transthoracic Two level n:
M age: 57 Infection n: 40 396
M:F 427:511 Trauma Position: NA Three level n:
Tumour 164
Pseudoarthrosis > Four level
n: 28

Table 5 Complications by

Trans lap n: 241

Trans open n: 154

Retro another n: 227  Retro open n: 5106

approach type

Average operative time 180 min 165 min 250 min 133 min
EBL 103 ml 295 ml 204 ml 190 ml
Average length of stay 3.7 days 4.25 days 3.7 days 4.5 days
Retrograde ejaculation  22% 12.2% 2.2% 2%
Vessel damage 2.1% 0.7% 3.1% 3.03%
DVT 0.5% NA 0.35% 1.4%
Haematoma formation NA NA 0.7% 0.6%
Visceral damage 2.1% NA 0.4% 0.37%
Hernia NA NA NA 1.3%
Wound infection: NA 0.7% 0.35% 1.9%
Tleus 2.1% 3.7% NA 5%
Dural tears NA 0.7% NA 0.04%

Zdeblick 2000 1 12 0 12 9.2% 0.08 [-0.12, 0.29] 2000 ==

Burkus 2002 4 30 2 116 36.4% 0.12 [-0.01, 0.24] 2002 -

Chung 2003 1 5 0 6 4.2% 0.20 [-0.20, 0.60] 2003

Escobar 2003 3 12 1 38 13.9% 0.22 [-0.03, 0.47] 2003 o T
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Fig.2 Meta-analysis demonstrating rates of retrograde ejaculation between approaches

Discussion
Use of access surgeons

Anterior access to the spine is purported to provide bet-
ter fusion rates; less blood loss, soft tissue injury, neural
injury; and shorter operative time [5]. These benefits are
weighed against the risk of vascular and visceral damage
during exposure of the spine [58]. Efforts to mitigate these

@ Springer

complications have included the use of “access surgeons”
to provide safe passage. Conflicting evidence on the
advantage conferred by the presence of general and vas-
cular surgeons exists [32], a potential cause thought to be
the variable training provided to spinal surgeons depend-
ing on healthcare system’s practice of access surgeon use
[1]. A recent meta-analysis found use of access surgeons
is associated with increased rates of retrograde ejaculation
(RE) and arterial injury (p <0.001), with fewer postopera-
tive complications noted than studies without their input
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Fig.3 Meta-analysis demonstrating rates of vessel injury between approaches
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Fig.4 Meta-analysis demonstrating rates of overall complications between approaches

[59]. This was felt likely to be in part due to the use of
access surgeons predominantly in multilevel exposure, or
difficult anatomical variances. Three studies [2, 44, 46]
evaluated the role of access surgeons in the anterior spi-
nal surgery reported a low vascular complication rate due
to the presence of the access surgeon for the entirety of
the operation. In contrast, Garg et al. [27] reported a 64%
vascular injury occurring on approach despite the pres-
ence of a vascular surgeon. Whilst Chiriano et al. [17]
previously emphasised the importance of access surgeons
primarily for continued vascular trainee exposure to open
surgery, three studies in this review [21, 25, 26] found
a significant learning curve associated with their laparo-
scopic ALIF approach despite the presence of fully quali-
fied general surgeons, with Cowles et al. [21] finding the
conversion rate dropped from nearly 50 to 0% across the
study time frame. The need for continued surgical resident
exposure to ALIF procedures to ensure sufficiently expe-
rienced surgeons can provide access to the spine has been
emphasised, regardless of surgical specialty [11]. Previous
research on the impact of access surgeons on patient out-
comes did not evaluate the relationship between level of
surgical training obtained and complication rates outlined
[59]; however, the validity of trainees as access surgeons
in this role and familiarity of the access surgeon to the pro-
cedure warrant further evaluation given the high morbidity

associated with complications in both transperitoneal and
retroperitoneal approaches.

The impact of access surgeons on operative time has yet
to established. Jarrett et al. [32] found similar rates of com-
plication rates in patient groups with both access surgeons
and no access surgeons present but noted that access sur-
geons were more likely to participate in multilevel expo-
sure procedures and should be considered when factoring the
impact of access surgeons on total operative time. Mogan-
nam et al. [54] evaluated the impact of previous abdominal
surgery on patient complication rates, with no significant
increase in rates noted.

Open vs. laparoscopic approaches

Whilst advantages including shorter inpatient stays, fewer
major complications, and less blood loss are associated
with the laparoscopic approach [15], the risk of com-
plications due to the anatomical variation at the level of
approach, a steep learning curve, and the required knowl-
edge of intra-abdominal anatomy [25] with longer opera-
tive times have led to widespread adoption of the open
retroperitoneal approach. Cowles et al. [21] reported the
highest conversion rate at 38%, with risk factors includ-
ing involvement of more than one spinal level, adhesions,
bleeding, and levels other than L5/S1. The most common
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reason for conversion reported was to gain adequate con-
trol following vessel injury [25, 35], with Zdeblick et al.
[74] reporting a 16% conversion rate due to inadequate
exposure laparoscopically.

Estimated blood loss was less using non-open
approaches, although this did not reach significance
(p=0.1), with longer operative times reported (p=0.1).
Blood loss has been indicated to be a poor objective meas-
urement, due to the association of hidden blood loss in
anterior lumbar interbody fusion operations [34]. Aver-
age length of stay was shorter in patients undergoing a
non-open approach (p=0.01). Complications arising from
open procedures including wound infection and ileus were
likely the cause for the longer inpatient stay in this cohort.

Patient positioning

Patient positioning is an important preoperative step to
minimise anaesthetic risks, reduce risk of damage to struc-
tures during access to the spine, and the need for intraopera-
tive repositioning [44]. A study evaluating the position of
the great vessels in relation to the anterior spine found the
bifurcation of the aorta was higher whilst in the prone posi-
tion; the left common iliac vessels are at greater risk whilst
patients are supine [7], with the lateral decubitus position
thought to aid gravity mobilise abdominal contents includ-
ing the great vessels away from the operative field [44].
Indeed, efforts to mitigate approach-related complications
associated with ALIF have led to a rise in the use of the
oblique lumbar interbody fusion (OLIF) [33], with favour-
able outcomes on rates of ileus compared to ALIF [72].
With the minimally invasive approach OLIF has a vascu-
lar complication rate than that of ALIF; however, further
research on its long-term outcomes is required [73]. With
a rise in the use of the lateral decubitus positioning with
recently developed spinal instruments, morphometric evalu-
ation of the great vessels indicates the L5/S1 window is
larger in the supine position compared to that of the lateral
decubitus position (p <0.0001) [18]. The impact of patient
positioning in the lazy lateral position offers a potential pro-
tection against risk to vascular structures, and patient out-
comes demonstrated that the lazy lateral position yielded no
vascular or visceral-associated patient complications [56].
Molloy et al. [56] felt the use of muscular windows during
initial access contributed to the reduction in postoperative
hernia rates. Reporting of patient positioning was inconsist-
ent across the studies in this review; of those listed, supine
was the most common, with three studies having patients
in Trendelenburg [21, 26, 28], two in lateral decubitus [29,
44], and one in lithotomy [42], with small numbers prevent-
ing further analysis on their use.
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Vascular injury

Vascular damage is a known complication arising whilst
obtaining access to the spine [38]. Conflicting reports
on the impact of factors contributing to vascular injury
exist, including patient co-morbidities, spinal level [17],
and laparoscopic vs. open approach [71]. The transperi-
toneal approach significantly increased the risk of vascu-
lar damage compared to retroperitoneally in one review
[71], a finding refuted in other studies [2, 31]. Risk of
vessel injury was found to be higher in retroperitoneal
approaches in this review, a difference not reaching signifi-
cance (p=0.07). Manunga et al. [46] noted their transperi-
toneal approach allowed them greater scope to mobilise
the vessels thus aiding a reduction in damage, and greater
operative control, congruent with Lucas et al. [42] find-
ing the level of bifurcation required retraction of the iliac
vessels far to the right with the retroperitoneal approach,
the most common cause of vessel injury.

The ALIF approach at L4/L5 is limited by the rates of
vascular injury and degree of vessel mobilisation required
[73]. Research has failed to demonstrate a predictive cor-
relation between anatomical pelvic parameters and over-
lying vessel location, indicating independent vascular
planning may be required in the surgical approach [4].
Chiriano et al. [17] found vascular injuries occurred most
commonly during the L4/L5 approach during exposure
between the left iliac artery and vein resulting in a sig-
nificantly higher rate injury (p <0.001), echoed by two
studies in this review [26, 46], with Manunga et al. [46]
finding 84.6% vessel injuries occurring at the L4/L5 expo-
sure step using an open approach, most commonly due
to avulsion of the iliac vessels. Multilevel exposure was
also found to increase risk of vascular injury (p <0.001)
[27]. Type of cage and associated vascular complications
were not discussed in the studies included in this review.
Vascular complications have been found to be significantly
more common with the use of threaded cages compared to
non-threaded cages [64]. With the development of novel
3D porous cages in ALIF [50], impact of cage type on
rates of vascular injury should be considered. Vascular
complications including deep venous thrombosis (DVT)
and pulmonary embolism (PE) have been reported to have
a higher association in ALIF operation, with additional
intraoperative posterior steps increasing the risk [31].
The highest incidence in this review occurred in the ret-
roperitoneal open approach, although variation in report-
ing complications was prevalent in studies included. One
study found a correlation (p =0.022) between DVT and
multilevel exposure, and males (p =0.013) [27], with 10%
DVTs occurring following extensive iliac reconstruction
in another [46].
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Rates of RE

Ejaculatory disorders (ED) are a commonly cited complication
occurring in lumbar spinal surgeries, thought to occur primarily
due to hypogastric plexus injury during access to the surgical
corridor [40]. Factors associated with an increased risk of ED
are obesity [8] and use of BMP. Neuroinflammation is a side
effect of BMP investigated by the Food and Drug Administra-
tion (FDA), with indications that its use near the hypogastric
plexus could result in complications arising from compound
leakage. Burkus et al. [13] evaluated a series of anterior lumbar
spine studies, finding a correlation with use of BMP and RE not
reaching significance. Three studies in this review directly evalu-
ated the effect of BMP in ALIF rates of RE [16, 20, 41], with
mixed findings. Comer et al. [20] noted a found a significant
association between use of BMP and rates of RE (p=0.0012).
Carragee et al. [16] reported a similar finding (p=0.023), while
Lubelski et al. [41] found no significant association (p=1).
Burkus et al. [14] found a significant correlation between uri-
nary retention and use of BMP (p=0.04), a complication not
commonly listed in studies evaluating its efficacy; thus, a true
incidence of the relationship is unknown.

The transperitoneal approach had a significantly higher asso-
ciation with RE compared to other approaches in this review
(p=0.0009). Evaluation of available data demonstrated 92%
cases RE occurred at L5/S1 in two studies with significantly
high rates [28, 35]. Similarly, Sasso et al. [65] found 85% of the
patients who developed RE underwent exposure at the L5-S1
level. This finding was supported by Carragee et al. [16] who
suggested the rates of RE in relation to the L5/S1 junction may
be in part due to the bilateral injury risk associated with dissec-
tion of the aortic bifurcation. Given the FDA supported findings
regarding the risk of BMP use, findings in two of these studies
[35, 65] should be taken in context of an unclear breakdown of
BMP use between control and intervention groups. Many stud-
ies reported their retrospective study method precluded accurate
reporting rates of RE [46, 62], which should be considered in the
context of these findings.

Visceral injury

Visceral complications including ureteric injury, enterotomy,
bladder rupture have all been found with the ALIF approach
[71]. Reported rates of visceral injury were low from all
approaches in this review. Three studies using a retroperi-
toneal approach reported peritoneal rupture rates ranging
from 2.29 [1] to 16% [25] with no long-term complications.
Boos et al. [9] reported all peritoneal rupture cases occurred
primarily during extraperitoneal port insertion, early in the
data collection stages of the study, and have thus attributed
this to a learning curve.

Postoperative ileus

Rates of postoperative ileus in ALIF patients vary in the
literature, with between 2 and 58% reported [60], most
commonly occurring between 2 and 5.4% [43], and occur-
ring in both transperitoneal and retroperitoneal approaches
[68]. Open ALIF approaches in this review had higher
rates of postoperative ileus reported compared to laparo-
scopic procedures, with no significant difference between
transperitoneal and retroperitoneal approaches (3.54% vs.
2.60%; p > 0.05). Bowel obstruction is a not uncommon
complication associated with ALIF, with retroperitoneal
structure mobilisation thought to be associated with the
incidence of pseudo-obstruction [68]. Frantzides et al.
[26] had one case of small bowel obstruction which they
attributed to posterior peritoneum-cage adhesion and rec-
ommended peritoneal closure to reduce complications.
Manunga et al. [46] identified their bowel ischemia from
SMA injury as secondary to patient aneurysm identi-
fied postoperatively, recommending careful preopera-
tive evaluation to identify patients at increased risk of
complications.

Neurological complications

Dural tears are a complication in lumbar surgery associ-
ated with significant secondary complications including
intracranial haematoma and dural fistulae [70]. Addition-
ally, dural tears are associated with an increased risk of
wound infections, neurological deficits, and perioperative
systemic complications [67]. Three cases of dural tears
were reported in this review, two occurring in the open
retroperitoneal approach [11, 29] with an incidence rate of
0.04%, and one in the transperitoneal open group (0.7%)
[35].

Conclusion

The open retroperitoneal approach is an established
method for anterior lumbar interbody fusions with an
acceptable safety profile. Transperitoneal studies are
underpowered, with a dearth of data available. Research
indicates a significantly higher risk of RE with this
method; however, confounders including use of BMP and
insufficient reporting of spinal level approaches should
be considered. Laparoscopic approaches have shorter
inpatient stays, with less postoperative complications
including wound infection and ileus; however, its steep
learning curve and longer operative times deter surgeons
from its widespread adaptation.
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