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Abstract Study Design Retrospective analysis of prospectively collected cohort data.
Objective Anterior lumbar interbody fusion (ALIF) is a commonly performed proce-
dure for the treatment of degenerative diseases of the lumbar spine. Detailed and
comprehensive descriptions of intra- and postoperative complications of ALIF are
surprisingly limited in the literature. In this report, we describe our experience with a
team model for ALIF and report all complications occurring in our patient series.
Methods Patients were prospectively enrolled between January 2009 and January
2013 by a combined spine surgeon and vascular surgeon team. All patients underwent
an open ALIF using an anterior approach to the lumbosacral spine.
Results From the 227 ALIF cases, mean operative blood loss was 103mL, ranging from
30 to 900 mL. Mean operative time was 78 minutes. The average length of stay was 5.2
days. Intraoperative vascular injury requiring primary repair with suturing occurred in 15
patients (6.6%). There were 2 cases of postoperative retroperitoneal hematoma. Three
patients (1.3%) had incisional hernia requiring revision surgery; 7 (3.1%) patients had
prolonged ileus (>7 days) managed conservatively. Four patients described retrograde
ejaculation. Sympathetic dysfunction occurred in 15 (6.6%) patients. There were 5
(2.2%) cases of superficial wound infection treated with oral antibiotics, with no deep
wound infections requiring reoperation or intravenous therapy. There were no mortal-
ities in this series.
Conclusions ALIF is a safe procedure when performed by a combined vascular surgeon
and spine surgeon team with acceptably low complication rates. Our series confirms
that the team approach results in short operative times and length of stay, with rapid
control of intraoperative vessel injury and low overall blood loss.
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Introduction

Anterior lumbar interbody fusion (ALIF) is a commonly
performed procedure for the treatment of degenerative dis-
eases of the lumbar spine. ALIF was first described by Capener
in 1932 for the treatment of spondylolithesis1 and Ito et al in
1934 for the treatment of Pott disease,2 and it has since
become a widely used technique for the treatment of a range
of lumbar spine disorders. The common indications for ALIF
include spondylolisthesis, degenerative disk disease, degen-
erative lumbar scoliosis, pseudarthrosis, and adjacent seg-
ment disease.3

ALIF is argued to have biomechanical advantages over
posterior approaches for lumbar spinal fusion, including
restoration of disk height and lumbar lordosis, reduction of
anterior listhesis, and achievement of coronal and sagittal
balance.4–6 The advantages over posterior approaches are
attributed to the negated need for retraction and dissection
of the posterior spinal musculature and excellent exposure
of the anterior column and disk space.7 The development of
adjacent segment disease has been shown to be less com-
mon in ALIF8; in addition, ALIF has fewer perioperative
complications relating to injury of the dura and neural
structures due to more direct visualization of and access to
the disk space and anterior column.9 Other advantages of
ALIF over the alternative approaches include shorter oper-
ating time, less blood loss, and reduced perioperative
morbidity.5,10–12

Approach-related complications of ALIF are distinct from
those of posterior approaches to the lumbar spine and
predominantly relate to visceral and vascular injuries. The
results of the major publications reporting complications of
anterior spinal surgery are summarized in ►Table 1. The
published rates of vascular injury associated with ALIF vary
considerably, ranging from 1.9 to 24%,13,14 and the injuries
occur most commonly in operations involving the L4–L5 disk
space.15 Laceration of the left common iliac vein is the most
commonly reported injury,15 whereas arterial injuries are
much less frequent, with the rate of injury to the left iliac
artery reported to be 0 to 0.9%.15 Other vascular injuries
include laceration of the iliolumbar vein, avulsion of the
median sacral and lumbar vein, and injury to the inferior
vena cava or abdominal aorta, as well as thrombosis of the left
iliac artery and retroperitoneal hematoma.

The incidence of deep venous thrombosis following ante-
rior spinal surgery ranges from 0 to 12.2%.16,17 Visceral
complications are uncommon and include inadvertent enter-
otomy and ureteric injury. Injury to neural structures can
result in femoral nerve palsy,18 retrograde ejaculation, erec-
tile dysfunction, and sympathectomy manifesting in symp-
toms such as altered lower limb temperature and unilateral
lower limb edema. Retrograde ejaculation occurs in up to 5%
of ALIFs in men, with rates much higher with laparoscopic
approaches (45%).19 Wound complications include infection,
wound dehiscence, and incisional hernia.20 Other case re-
ports have included rare and isolated complications including
pancreatitis,21 retroperitoneal abscess and fibrosis, and lat-
issimus dorsi rupture.22–24

Intraoperative complications of ALIF relating specifically to
spinal instrumentation include bone fracture, dural tears, and
ureteric avulsion,25 though these are uncommon. Vascular
injurymayalso occur during the spinal instrumentation stage
of ALIF, with up to 55% of vascular injuries attributed to this
stage in some series.14

Detailed and comprehensive descriptions of intra- and
postoperative complications of ALIF are surprisingly limited
in the literature. In this report, we describe our experience
with a teammodel for an anterior approach for lumbar spinal
surgery, and we report all the complications that occurred in
our patient series.

Materials and Methods

Ethics Approval
Approval was obtained from the South Eastern Sydney Local
Health District, New South Wales Australia–Northern Sector
ethics committee, Ref: HREC 11/183.

Patient Recruitment
Patients were prospectively enrolled between January 2009
and January 2013 by the senior author (R.J.M.) who per-
formed all ALIF procedures in combination with a vascular
surgeon (A.L.). Exclusion criteria included patients with an
infection, osteoporosis, or cancer. Details regarding patient
factors including age, gender, and comorbidities were collect-
ed, along with operative details including the spinal level of
surgery and the intervention performed. Information regard-
ing all complications occurring in the perioperative period
was recorded, with a particular focus on the duration of
surgery, blood loss, and length of hospital stay, as well as
the vascular, visceral, and neurologic injuries.

Surgical Technique
All the patients underwent an open ALIF using an anterior
approach to the lumbosacral spine. The vascular surgeon (A.
L.) assisted with the approach in all procedures. Heparin was
not used during the procedure. The incision varied on the
approach level and the number of levels performed, with a
mini-Pfannenstiel incision used for access to the L5–S1 level
(►Fig. 1A) and amidline vertical incision used for other levels
and multilevel approaches (►Fig. 1B). A left-sided retroperi-
toneal dissection exposing the affected anterior vertebral disk
and retraction with a Synframe (Synthes Spine, Paoli, Penn-
sylvania, United States) were performed (►Fig. 2). In all cases,
the left ureter was identified and retracted medially. The
major anterior vessels (aorta and iliac veins/arteries) were
mobilized and retracted. The level of pathology was con-
firmed with X-ray prior to the disk removal, and the end
plates were prepared. A stand-alone ALIF cage was packed
with the bone graft, inserted, and fixed with integral screws.
An X-ray was used to confirm correct placement, and antibi-
otic irrigation was used prior to closure.

Postoperative Care
The patients were encouraged to ambulatewithin 24 hours of
surgery. Calf compressors were used in all the patients until
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mobilization. The determinations regarding rehabilitation
and the level of physical exercise were based on the recom-
mendation of the treating surgeon.

Results

Overall, 227 patients underwent anterior lumbar spinal sur-
gery between 2009 and 2013 performed by one surgical team
(R.J.M. and A.L.), as outlined in►Table 2. The mean age of this
cohort was 57.6 years, with a slight female preponderance,
and approximately one third of the patients were overweight
or obese. Of the patients, 143 (63%) underwent single-level
operations, and 84 (37%) underwentmultiple-level surgery at
the lumbar spine level (►Table 3). The L4–L5 and L5–S1 disk
spaces were the most common operative levels, making up
34.7 and 59.5%, respectively. ALIF was the procedure per-

formed on the majority of spinal levels (308 of 331 levels,
93.1%), with total disk replacement performed on the re-
maining 23 (6.9%).

The mean operative blood loss was 103 mL, ranging from
30 to 900 mL (►Table 4). Intraoperative blood loss greater
than 600 mL occurred in two cases, and no patients required
blood transfusion during the procedure. The mean operative
time was 78 minutes (range 40 to 195 minutes). The average
length of stay was 5.2 days (range 1 to 19 days). The operative
blood loss, operative time, and patient length of stay were all
increased for patients undergoing multilevel surgery.

Intraoperative vascular injury requiring primary repair
with suturing occurred in 15 patients (6.6%). These included
9 lacerations of the inferior vena cava, 2 of which occurred at
the bifurcation. A further 4 lacerations were sustained to the
common iliac vein, 1 to the external iliac vein, and 1 to the
iliolumbar vein. There were no arterial lacerations. Other
major vascular complications included 2 cases of postopera-
tive retroperitoneal hematoma requiring surgical drainage
without a source of bleeding identified (►Fig. 3), and 1 case of
acute arterial thrombosis required urgent reoperation and
thromboendarterectomy (►Fig. 4) on the background of
significant iliac atheroma.

There were no intraoperative visceral injuries. One patient
with a knownbackground of diverticular disease sustained an
acute bowel obstruction requiring laparotomy 13 days post-
ALIF surgery. Three patients (1.3%) had an incisional hernia
requiring revision surgery; 7 (3.1%) patients had prolonged
ileus (>7 days), which was managed conservatively. Four
patients described retrograde ejaculation, 3 of which had
resolved within 3 months of surgery. Sympathetic dysfunc-
tion occurred in 15 (6.6%) patients, manifesting as left-sided
leg warmth and/or swelling. These symptoms resolvedwithin
6 months in all cases. There were 5 (2.2%) cases of superficial
wound infection treated with oral antibiotics, with no deep

Fig. 1 (A) L5–S1 approach: horizontal minimal access incision. (B) L3–L4 and L4–L5 approach: midline incision.

Fig. 2 Synframe retractor (Synthes Spine, Paoli, Pennsylvania, United
States).
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wound infections requiring reoperation or intravenous
therapy.

All the patients with major complications requiring early
return to the operative theater had a good outcome (two cases
of postoperative hematoma and one case of arterial obstruc-
tion). There were no mortalities in this series.

Discussion

ALIF is a well-established and increasingly utilized proce-
dure for treating a range of lumbar spinal pathologies. Its
continued uptake among spinal surgeons may be limited by
the perceived seriousness of the potential complications, in
particular major vascular injury. Our results corroborate
those of previous studies showing that such complications
are uncommon, and major harm can be minimized by the
implementation of a team approach including a
vascular-trained access surgeon accompanying the spinal
surgeon.

Approach
Our study reports the experience with a solely retroperito-
neal approach, which has been shown to have a major
advantage of reduced incidence of retrograde ejaculation in
male patients when compared with the transperitoneal
laparoscopic approach.19 This result has been attributed to
the proximity of the superior hypogastric plexus to the
posterior peritoneum, and as such, authors including Than
et al have advised against the use of this approach in male
patients.7 On the contrary, however, is a series of 104 (53
male) patients described by Asha et al who used an open
transperitoneal approach with no instances of retrograde
ejaculation.17 Similarly, they had very low rates of vascular
complications but did report a high proportion of paralytic
ileus. As such, there remains much scope for further investi-
gation in comparing trans- and retroperitoneal approaches to
the lumbar spine.

Vascular Injury
The rates of vascular injury reported here are acceptably low,
comparable to those published in the available literature
(►Table 1). Higher rates of both major and minor vascular
complications occur in operations performed at the L4–L5
level and above, due to the need for retraction and mobiliza-
tion of the iliac and major vessels.14 Prolonged retraction and
occlusion of the left internal iliac artery attribute to the
uncommon but potentially serious complication of acute
arterial thrombosis.13Wehave experienced this complication
on one occasion; it was detected on early postoperative
review, and thrombectomy was performed acutely with an
excellent result. The combination of a spine surgeon and a
vascular surgeonworking in combination has resulted in very
low rates of total blood loss for both single-level and multi-
level procedures.

Learning Curve
As with any operation that has technique- and approach-
related issues, a learning curve is encountered. In our series,
the majority of the complications were in the initial 100
patients performed. Both retroperitoneal hematomas and 3 of
4 cases of retrograde ejaculation were in the initial 100 cases
performed. Techniques to reduce potential postoperative
hematomas and retrograde ejaculation have resulted in a
substantial reduction in these complications in the later ALIF
procedures in this series.

Table 2 Patient details

n %

Number of patients 227

Mean age, y (range) 57.6 (25–86)

Sex (male/female) 105/122

Comorbidities

Overweight (BMI 25–30) 62 27.3

Obesity (BMI > 30) 17 7.5

Cigarette smoking 36 16

Diabetes 20 8.8

Work-related injury 43 18

Pathologies

Degenerative disk disease
with radiculopathy

104 45.8

Degenerative disk disease
without radiculopathy

54 23.8

Spondylolisthesis 27 11.9

Failed posterior fusion 18 7.9

Scoliosis 14 6.2

Adjacent segment disease 10 4.4

Abbreviation: BMI, body mass index.

Table 3 Operative details

n %

Number of intervertebral levels

1 143 63

2 67 29.5

3 14 6.2

4 3 1.3

Total number of cases 227

Operative level

L2–L3 3 0.9

L3–L4 16 4.8

L4–L5 115 34.7

L5–S1 197 59.5

Total number of levels exposed 331

Operation performed

ALIF 308 93.1

Total disk replacement 23 6.9

Abbreviation: ALIF, anterior lumbar interbody fusion.
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Combined Vascular Surgeon and Spine Surgeon
There are many benefits of a combined vascular surgeon and
spine surgeon approach. The operative times are relatively
short as compared with previously documented studies
(►Table 1), as the approach is performed by a surgeon
specializing in the manipulation and mobilization of the
vessels, therefore reducing the overall operative time. If
bleeding is encountered, rapid control of the bleeding and
efficient repair of the vessel are achieved with the dual
surgical approach.

Although some have documented the success rates of
ALIF surgery performed by a single surgeon, we recom-
mend the shared surgical responsibility, with each surgeon
performing the aspects of the ALIF surgery corresponding
to training and skill level.14 Considering the current high
rates of legal actionwith surgical misfortune, the combined
team approach will most likely reduce surgical risk and
issues of litigation.

Tricks/Techniques to Minimize Vascular and
Abdominal Injury
All patients had a preoperative vascular assessment and
mapping of their peripheral pulses for postoperative moni-
toring of perfusion. Intraoperative toe oximetry was not
performed, and vascular retraction was limited to an amount
required to give adequate exposure to perform the diskec-
tomy and implant insertion. When venous injury occurred,
the most important method of vascular control was direct
pressure over the vein prior to attempt to extend the surgical
field, as extra retraction against the vessel can result in
extension of the laceration and further uncontrollable hem-
orrhage. Bleeding was often encountered on the posterior
aspect of the vein as it was retracted by the lip of the retractor
blade and careful exposure was required. A continuous 5–0
suture repair was used to control the bleeding.

Over time andwith experience, the treating surgeons have
adopted the following techniques to reduce the complication
rate:

L5–S1 Level

• Peanuts. A small compacted cotton pledget in the jaws of a
curved hemostatic forcep is used to reduce the risk of
retrograde ejaculation. Also, peanuts are used for blunt
dissection on the anterior longitudinal ligament and disk,
rather than monopolar diathermy, to clear the anterior
aspect of the L5–S1 disk space.

• Median sacral artery and vein. The median sacral artery
and vein are routinely divided using either vascular clip or
loop tie. There may be multiple vessels anterior to the L5–
S1 disk space, however, and all need to be divided prior to
diskectomy.

• Right-sided approach. For cases where there is a high
likelihood of further surgery at the L4–L5 level, thought
should be given to a right-sided approach to provide ease
of left-sided retroperitoneal access without retroperitone-
al scarring should the L4–L5 level be approached at a
future date.

Table 4 Surgical outcomes

n %

Intraoperative blood loss, mL (range)

Single level 82 (30–700)

Multilevel 162 (60–900)

Total operation time, min (range)

Single level 67 (40–125)

Multilevel 98 (60–195)

Mean length of stay, d (range)

Single level 4.6 (1–9)

Multilevel 6.2 (3–19)

Complications

Major

Postoperative retroperitoneal
hematoma

2 0.9

Acute arterial thrombosis 1 0.4

Acute bowel obstruction 1 0.4

Retrograde ejaculation 4 1.8

Incisional hernia requiring revision 3 1.3

Vascular injury 15 6.6

Minor

Sympathetic dysfunction 15 6.6

Wound infection (superficial) 5 2.2

Prolonged Ileus (>72 h) 7 3.1

Fig. 3 Large retroperitoneal hematoma requiring drainage and
exploration.
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L4–L5 Level

• Iliolumbar vein. We now routinely divide the iliolumbar
vein due to risk of a retraction tear of this vessel, which
allows for extended retraction of the left common iliac
vein. Repair of the iliolumbar vein can be very difficult as
the distal aspect of the divided vessel can retract, with
significant blood loss.

• Sympathetic trunk. We do not use diathermy in the vicinity
of the sympathetic trunk; we use blunt dissection only to
dissect laterally on the disk space.

L2–L3 and L3–L4 Levels

• Preoperative angiogram. With higher-level ALIF proce-
dures, we routinely perform computed tomography angi-
ography with three-dimensional vascular reconstruction
to assess the renal arterial anatomy, as aberrant lower pole
renal arteries are present in up to 5% of patients and could
be encountered at this level.

Conclusion

ALIF is a safe procedure when performed by a team con-
sisting of a vascular surgeon and a spine surgeon, with
acceptably low complication rates. Our series confirms that
the team approach to this procedure results in short
operative times, short length of stay, rapid control of
intraoperative vessel injury, low overall blood loss, and
shared surgical responsibility with benefits to overall pa-
tient outcomes.
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