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Degenerative disc disease and facet joint disease involving the lumbar spine are common in the aging population and
are the most frequent causes of disability. Surgical interbody fusion of degenerative levels is the most common man-
agement technique. This is an effective treatment option to stabilize the spine and reduce mechanical pain and provides
indirect decompression of the neural elements while restoring lordosis and correcting the deformity. Depending on the
direction of the approach to the vertebral column, various techniques have been described. Anterior lumbar interbody
fusion (ALIF) offers clear and wide visualization of the disc allowing the use of large interbody grafts, which provide
a significant biomechanical advantage over other types of fusion. The transperitoneal approach is a much older technique
and it is not commonly performed unless in isolated cases with extensive retroperitoneal scaring following multiple
abdominal surgeries. The transperitoneal approach has been associated with higher rates of bowel injury, ileus, and
retrograde ejaculation, and is limited at the L,~S, segment, hence many spine surgeons favor a retroperitoneal approach.
The major setback of ALIF is the need for great vessel mobilization. This manipulation of the vessels may lead to deep
vein thrombosis and a direct vascular injury. This makes vascular anatomy studies in the preoperative stage invaluable
in avoiding vascular injury. Other complications include possible injury to intraperitoneal and retroperitoneal organs,
especially in patients with previous surgery and adhesions. Manipulation of the intestines causes postoperative ileus
which lasts a few days. Sexual dysfunction in form of retrograde ejaculation is another complication seen in patients
following ALIF and this has been attributed to injury to the superior hypogastric sympathetic nerves in the lower lum-
bar region.

This article reviews the ALIF procedure i. e., transperitoneal and retroperitoneal approaches, and the associated intra-
operative, early, and late complications.
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[lereHepaTuBHble 3a601€BaHUA MEXNO3BOHOYHbIX JUCKOB M CMOHAMN0APTPO3 NOSCHUYHOTO OTAENA NO3BOHOYHMKA YaCTo
BCTPEYAIOTCA Y NOXWABIX NIOAEH U ABNAIOTCA CaMON pacnpoCTPaHEHHOW NPUYMHON MHBAAUAHOCTU. XUPYPruyecKuit
MeXTEeNoBOI CNOHAMI0AE3 HA YPOBHE BOBIEYEHHBIX NO3BOHKOB — Haubonee pacnpoCTpaHeHHbIi METOA NeveHus. 310
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3P deKTUBHbBIN NOAXOA ANA CTabUAMU3ALMM NO3BOHOYHMKA U YMEHblUEeHUs 60K, NO3BONAIOLMIA KOCBEHHO CHATb KOMMpec-
CUI0 C 3/1IEMEHTOB HEPBHOI CUCTEMbI U BOCCTAHOBUTL JIOPLO3 C UCNpaBieHnem fedopmauuun. OnucaHbl pasinmyHble MeTO-
Abl CNOHAW0AE3a C Pa3HbIM AOCTYNOM K NO3BOHOYHMKY. MepeaHuii nofacHWYHbIi MexxTenosoii cnonaunoges (MMNMC) gaet
BO3MOXHOCTb WMPOKOro 0630pa MEXN03BOHOYHOIO AMCKA, YTO NMO3BONAET UCMO/b30BaTh OO/bLIME MEXTENOBLIE IHAO-
npoTes3bl, 06Nagaowme 3HaYUTENbHBIMU BUOMEXAHUYECKUMU NPEUMYILECTBAMM NO CPABHEHUIO C APYrMMU TUNAMKU NpoTe-
30B. TpaHcnepuTOHeanbHbIN JOCTYN ABNAETCA OTHOCMTENIbHO CTApbiM METOAOM WU UCNONb3YeTCA PeAKo, 33 UCKIYeHNeM
OTAENbHBIX CIYYAEB TAKENOrO PeTponepuToHeanbsHoro pybLueBaHus nocne onepauuin Ha 6piowHoit nonoctu. TpaHcnepu-
TOHEeaNbHbIN [OCTYN CBA3aH C 60MbLed YaCTOTO NOBPEXAEHUN KULWEYHUKA, KUWLEYHO! HENPOXOAUMOCTH, PETPOrpagHoii
3AKYNALUMM U OTPAHNYEH CermeHToM L.=S,, no3ToMy MHOrMe XMpypru NpeAnoyMTalT peTponepuTOHeanbHblil fOCTYN.
MasHbiit HepocTaTok MMMC — HeOOX0AMMOCTE MOOMAN3ALMM MHOXKECTBA COCYLOB, YTO MOXET NPUBOAUTL K TPOMOO3Y
ryboKMX BEH M NpAMOii TpaBMe cocyaoB. Mo3ToMy Ha npefonepauMoHHON CTafUW UCCNef0BaHNe aHAaTOMUKU COCYAOB
SBNAETCA HE3aMeHUMbIM 3TanoM, He06X0AUMbIM ANs U30exaHMs TpaBMbl COCYA0B. [ipyrue oCnoXHeHUs CBA3aHbl C BO3-
MOXHBIM NOBPEXAEHUEM WHTPANepPUTOHEANbHbIX U PETPONEpPUTOHEabHbIX OPraHoB, 0COGEHHO Y MALMEHTOB, KOTOpble
paHee GblIM ONEPUPOBaHbI U UMEIOT pyOLOBOE cpaleHne. MaHMNYNALMY Ha KMLWEYHUKE NPUBOJAT K NOCTONEPaLMOHHOM
KMIWWEYHO HENPOXOJMMOCTM, COXpaHAKLWeica Heckonbko aHen. CekcyanbHas gucdyHKkuna B hopmMe peTporpagHoi
IAKYNALMUN ABAAETCA elle OLHUM OCNOXKHeHUeM y nauneHTos nocne MMMC, Bo3HMKaOWMM B pe3y/ibTaTe TpaBMbl BEPXHe-
ro rMnoracTpanbHOro CUMNATUYECKOro HepBa B HUXKHEM MOACHUYHOM OTAene.

B ctatbe npeacTaBneH 063op npouenypsl MMMC, B TOM Yncie ¢ TpaHCNEPUTOHEANbHBIM U PETPONEPUTOHEAbHbIM AOCTY-
naMmu, 1 CBA3aHHbIE C Hell MHTPaonepaLMOHHbIe, paHHKWE U NO3[AHME OCNOXHEHUSA.

KnioueBble CNnoBa: nepeaHuii NOSCHUYHLIN MEXTENOBOM CNOHANNOAE3, lereHepaTUBHble 3a601eBaHNA MEXMTO3BOHOYHbIX
AMCKOB, CMOHAMN0APTPO3, MOACHWYHBbII OTAEN NO3BOHOYHMKA, COHANIOAE3

Ins uutupoBaHua: Musa G., Castillo R.E. B., Ndandja D.T. K. et al. Anterior lumbar interbody fusion (ALIF): a review of
the procedure and associated complications. Neyrokhirurgiya = Russian Journal of Neurosurgery 2023;25(3):119-25.

(In Eng.). DOI: 10.17650/1683-3295-2023-25-3-119-125

INTRODUCTION

There are several benefits of anterior lumbar interbody
fusion (ALIF) reported in the literature. Being an anterior
approach through the retroperitoneal space or transperito-
neal corridor, the posterior elements of the spinal column
like paraspinal muscles and ligaments are spared [1, 2]. This
makes it a less traumatic option in the management of de-
generative diseases of the lower lumbar region with shorter
hospital stay and postoperative pain [2, 3] even though the
duration of postoperative narcotic use is independent of the
surgical technique [4]. Other complications like surgical site
infection and nerve injury are also lower in patients under-
going ALIF [3].

An anterior approach to the spine anatomically offers
a wider and complete view of the intervertebral disc space.
This allows for a more complete discectomy and endplate
preparation, and the use of relatively large interbody grafts.
This anatomical advantage gives ALIF a biomechanical
advantage over approaches to the lower lumbar spine [6].
ALIF is associated with increased postoperative foraminal
volume and disc height [7, 8]. The ability to use more lor-
dotic cages at the lower lumbar spine in degenerative spine
disease increases the chance of attaining near-physiological
lumbar lordosis and sagittal balance [9, 10].

A complete preoperative patient evaluation is required
before performing ALIF. of specific importance in these
patients is the history of abdominal surgery or radiation
therapy. These factors are associated with peritoneal and
retroperitoneal adhesions which increases the risk of com-
plications associated with the approach [11, 12].

The anterior lumbar spine approach is limited by the
presence of vascular structures, especially above the L,—L,

space. This makes computed tomography angiography an
invaluable preoperative study to help understand the vascu-
lar anatomy and reduce the risk of injury [13]. Alternative-
ly, or additionally, preoperative magnetic resonance imaging
scans are useful to carefully visualize the position of the
kidneys and other retroperitoneal structures as well as the
lumbosacral spine and intervertebral discs [13—15].

Careful patient selection is important to optimize the
postoperative outcome in ALIF. The main commonly dis-
cussed surgical indications for ALIF include spondylolis-
thesis, degenerative lumbar scoliosis, failed posterior fusion,
degenerative disk disease, and adjacent segment disease [7,
12]. However, reports of ALIF use in lumbar spine trauma
and following tumor resection have been described in the
literature [12].

Contraindications of ALIF commonly discussed in the
literature include prior abdominal surgery and radiation
therapy which increases the risk of adhesions and risk of in-
jury to the surrounding structures, morbid obesity which is
a major risk factor for subsidence, fusion failure, and other
postoperative complications, and severe aortic atheroscle-
rosis [11].

TECHNICAL CONSIDERATIONS

There is a lack of high-quality evidence in the spine
literature regarding the optimal surgical approach to the
L,—S, segment for anterior lumbar interbody fusion [16].
The most common are the retroperitoneal and transperito-
neal approaches for ALIF [17]. The higher rates of bowel
injury, ileus, and retrograde ejaculation associated with the
transperitoneal approach and the fact that it is limited to the
L,—S, segment have made the retroperitoneal approach



more favorable [17, 18]. Both approaches are described
briefly below.

RETROPERITONEAL APPROACH

For L, ; and L,—S levels, the patient is kept in a true
supine position. However, for higher levels or multiple lev-
el ALIF, positioning the patient in a slight right lateral de-
cubitus position may be helpful.

The left side of the abdomen is preferred for the ap-
proach because the aorta is more robust than the vena cava.
To relax the iliopsoas during the procedure, flexing the hips
may be helpful. Incisions may vary depending on the levels
targeted. The skin incision may be either horizontal at the
midline (Pfannenstiel) for L,—S, or paramedian horizontal
for higher levels (Fig. 1).

A longitudinal incision is associated with a higher risk
of denervation and atonia of the rectus abdominis. The
transversalis fascia and arcuate line are identified and de-
tached from the lateral abdominal wall with careful inspec-
tion and gentle finger dissection. Once the transversalis
fascia is incised, the peritoneal sac is moved medially to ac-
cess the retroperitoneal space via blunt dissection (Fig. 2).

In case of penetration into the peritoneum, it should be
carefully examined to exclude associated bowel injury, then
it should be immediately closed using absorbable 3—0 or
4—0 sutures to prevent postoperative hernia and bowel in-

jury.

Fig. 1. Shows two skin incisions commonly used in anterior lumbar interbody
fusion. A — left lateral incision for retroperitoneal approach. B — Pfannenstiel
incision for the transperitoneal approach. Drawing by Dr. Musa Gerald
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Fig. 2. Cadaver dissections showing the abdominal layers in retroperitoneal
approach: a — the linea semilunaris (blue arrow) and rectus abdominis fascia
(black arrow); b — the rectus abdominis (blue arrow) and the peritoneum seen
under the transversalis fascia (green arrow). Photo curtesy Dr. Castillo
Rossi E.B.

Fig. 3. Shows an enlarged illustration of the midline neurovascular anatomy
at the lower lumbar spine, L .—S, disc (grey arrow). The common iliac arteries
(blue arrow) are clearly visible with the internal iliac seen on the left side. The
common iliac veins are indicated by the black arrow. The sympathetic nerves
are seen on the great vessels (green arrow). The middle sacral artery and
vein are shown arising from the bifurcation of aorta and vena cava in the
midline. The ureters (not shown here) lie laterally. Drawing by Dr. Musa
Gerald

The landmark to be palpated at this stage is the psoas
muscle and the pulsation of the common iliac artery which
is usually palpable laterally. The next prominent landmark
is the L,—S, disk and sacral promontory. At L.—S, level, the
middle sacral vessels are seen arising from the aorta and
vena cava and should be cauterized. Also present in this
area Infront of the L,—S, disk, are the autonomic nerves.
These nerves may easily be damaged by monopolar electro-
cautery, thereby leading to autonomic dysfunction includ-
ing retrograde ejaculation (Fig. 3).
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The left common iliac artery and vein at L, , level, must
be mobilized from left to right. It should be kept in mind
that the iliolumbar vein may be encountered at L. It should
be ligated before mobilizing the left common iliac vein to
avoid avulsion and massive bleeding [18, 19]. After the ra-
diological confirmation of the correct level, anterior an-
nulotomy, discectomy, and endplate preparation is per-
formed. The excessive overzealous discectomy should be
avoided to prevent penetrating the dorsal annulus fibrosus
which can predispose to epidural bleeding or a cerebrospi-
nal fluid leak. Once adequate discectomy has been per-
formed, a trial may be done to verify the cage size, and then
the intervertebral cage with morselized autologous or allo-
geneic bone graft is placed within the disk space [20].

THE TRANSPERITONEAL APPROACH

The transperitoneal approach is a much older tech-
nique and it is not commonly performed unless in isolated
cases with extensive retroperitoneal scaring following mul-
tiple abdominal surgeries. However, in some institutions,
this approach remains the gold standard [16].

This is technique is associated with a high risk of injury
to the peritoneal contents and the superior hypogastric
plexus. The risk of intestinal obstruction resulting from the
scaring is higher in these cases. Manipulation of the intes-
tines causes postoperative paralytic ileus.

However, in cases with a history of multiple abdominal
surgeries or a case of revision of an anterior spinal surgery,
the transperitoneal technique is still a valuable option to re-
duce the risk of vascular and ureteral damage. The tech-
nique varies from surgeon to surgeon. We describe a sum-
mary of the common steps in this technique. A standard
midline abdominal incision or a Pfannenstiel incision 5 cm
above the pubis and vertical dissection through the Linea
alba are made [16]. The peritoneum is sharply opened and
the intestines are pushed laterally and are protected using
retractors and wet gauze.

The sigmoid colon and mesocolon are retracted away
from the midline to the left and the cecum to right. This
directly exposes the posterior peritoneum over the vertebral
column. The peritoneum is separated from the retroperito-
neal space, prevertebral vessels, and nerves by injecting
saline into this physiological space. The posterior peritone-
um is opened vertically by blunt dissection to expose the
anterior vertebral column. Only minimal short bursts
of monopolar electrocautery are utilized to prevent injury
to the superior hypogastric plexus and resultant retrograde
ejaculation [3, 16]. The rest of the procedure is as in the
retroperitoneal approach.

COMPLICATIONS

The major setback of ALIF is the need for great vessel
mobilization. This manipulation of the vessels may lead
to deep vein thrombosis and a direct vascular injury [21].
Being a retro or transperitoneal approach there is a risk
of injury to the abdominal and pelvic organs. Improper

closure of the peritoneum or abdominal wall poses a risk
of incisional hernia [21]. Injury to the laterally located sym-
pathetic nerves can cause vasodilation in the ipsilateral leg,
but almost always resolve spontaneously in the first three
to six months after surgery. Retrograde ejaculation is seen
in up to 45 % of men and has been attributed to hypogastric
plexus injury [22—24]. We classify these complications as
intraoperative, early, and late postoperative.

Intraoperative complications. Vascular injury is one
of the commonest intraoperative complications of ALIF
seen in 6.66 % [11] to 18 % [14] of cases. Arterial injury is
relatively rare. It usually presents as thrombotic occlusion
or intraoperative or delayed massive hemorrhage due to ei-
ther excessive manipulation or prolonged retractor use
causing vascular wall ischemia [25, 26]. Most venous inju-
ries are related to exposure rather than to graft placement
[14]. Venous bleeding can be mild and controllable with
compression and bipolar coagulation or so catastrophic that
a case might have to be abandoned [11]. Venous thrombosis
following damage to the iliac veins on the affected side is a
real concern. This makes the postoperative doppler study
invaluable for follow-up.

B. Kapustka in a review of the ALIF biomechanical
analysis stated that although the venous injury is the most
common, arterial wall dissection or rupture is the most se-
rious iatrogenic injury; therefore, careful preoperative eval-
uation of vessels on magnetic resonance imaging or abdom-
inal computed tomography angiography, meticulous
preparation and manipulation of the iliolumbar vascular
complex is required [27].

Peritoneal perforation due to adhesions is not uncom-
mon during retroperitoneal exposure in patients with a his-
tory of abdominal surgery. However, the true rate of perito-
neal perforation is difficult to predict as many authors do
not report this complication. Primary closure of the perito-
neum in cases with perforation has been reported with no
complications.

Bowel perforation is a rare complication with the pos-
sibility of severe postoperative complications. Adhesions are
the major factors for perforation [27]. Unfortunately, the
degree of adherence of the bowel to the peritoneum and the
retroperitoneal structures cannot be predicted in advance
[11]. However, for patients with a history of previous ab-
dominal surgery, intraabdominal sepsis, malignancy, or ra-
diotherapy, the presence of peritoneal adhesions should be
anticipated and measures put in place to manage bowel
rapture. In the case of bowel perforation, the degree of con-
tamination should be carefully considered before proceed-
ing with the procedure. In the presence of significant con-
tamination, the operation should be abandoned after
bowel closure [11].

Early postoperative complications. In the early postop-
erative period, ileus is a common self-limiting complication
usually lasting 2 to 3 days after the retroperitoneal approach.
However, in patients with extensive bowel manipulation
(especially in the transperitoneal approach), multiple



previous abdominal surgeries, retroperitoneal hematoma
formation, or excessive narcotic use, ileus may last longer
than 3 days [28]. Patients with prolonged ileus are man-
aged with intravenous fluids, nasogastric suction, and in-
testinal motility enhancers until unequivocal bowel sounds
return.

A case of postoperative pancreatitis has been reported
and was attributed to faulty retractor placement [11].

Abdominal wound dehiscence after retroperitoneal ex-
posure is rare and has been reported in 0 to 2.3 % of cases
[29]. This is associated with systemic factors affecting
wound healing or poor surgical technique.

Late postoperative complications. Sympathetic nerve
injury is a common late complication of ALIF which may
be self-limiting, short term, or present with long term com-
plications. Many authors regard sympathetic nerve injury
as an unavoidable surgery-related complication of an ante-
rior approach as the superior hypogastric plexus of the sym-
pathetic system is located in front of the L, and S, vertebral
bodies [30, 31]. Unilateral injury may be asymptomatic or
with no long-term sequelae. However, a bilateral injury may
cause sexual dysfunction in the form of ejaculatory distur-
bance. The incidence of retrograde ejaculation following
ALIF ranges from 5 to 22 % [11] with complete or partial
resolution of the symptom seen in one-third of the patients
over 1 to 2 years [32, 33]. Erectile dysfunction has also been
reported. However, it is believed to be of psychogenic ori-
gin [33, 34] and is unlikely to result from a standard ALIF
procedure as the parasympathetic plexus responsible for
penile erection is not encountered during ALIF.

Another under-reported late complication during ret-
roperitoneal exposure for ALIF is an injury to the ilioingui-
nal and the lateral branch of the iliohypogastric nerve. They
are commonly injured as they course over the iliac crest.
These patients present with numbness or paresthesia affect-
ing the medial upper thigh. Viswanathan Rajaraman report-
ed three patients, two recovered completely by 6months and
1 had only partial recovery [11]. This is in contrast to fem-
oral and genitofemoral nerve injury that occurs in transp-
soas approaches.

Deep venous thrombosis is reported as a late complica-
tion in ALIF 7 to 8 % of patients due to manipulation of the
major vessels during the procedure [35]. Intraoperative pre-
ventative measures against deep venous thrombosis include
careful vascular tissue handling. This can be accomplished
by placing Steinman pins in the vertebral body to keep the
vessels retracted [14, 30, 31] and avoiding constant contin-
uous retraction to avoid vessel wall ischemia. The advantag-
es of Hand-held malleable retractors for vascular retraction
with the periodic release of pressure when surgery is not
being performed near these structures cannot be overem-
phasized. As required in post major surgery patient care,
early postoperative mobilization, routine prophylactic
methods such as intraoperative sequential compressive
boots, and the use of low-dose heparin are vital for the
prevention of this complication.
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Injury to the lumbar sympathetic chain located on the
lateral aspect of the vertebral bodies has been recognized
in the past and is more associated with lateral lumbar inter-
body fusion than ALIFE. Characteristically, the patient com-
plains of a cold limb or foot on the side contralateral to the
side of injury. The affected side is warmer due to loss
of sympathetic vasoconstriction [11]. Considering that these
symptoms can also be seen in cases of arterial thrombosis,
the distal pulses should be checked to exclude the possibil-
ity of arterial compromise [26].

BIOMETRICAL RESULTS

Pre- and postoperative three-dimensional computed
tomography scan is the gold standard investigation to ana-
lyze foraminal parameters [7]. Normal reference values are:
foraminal area (FA) from 1.25 to 2.25 cm?, foraminal height
(FH) from 11 to 19 mm and foraminal width (FW) from 5
to 12 mm [7, 27]. Symptomatic degenerative lumbar disc
disease is associated with lower foraminal parameters [6, 27,
36]. Several authors have reported significant foraminal
improvement with ALIF ranging from 40 % [6, 27, 36] to as
high as 87 % (for L.—S level) [7].

Improvements in lumbar lordosis and posterior and
anterior disc height (DH) improvement attributed to ALIF
have been highlighted in the literature [27, 37, 38]. The
increase in FA following ALIF has shown varying results.
Percentage improvement of FA has ranged from 49 % by
B. Kapustka et al. who used a mean cage height of 12.31 mm
to about 66.7 % achieved by P.J. Rao et al. using only 7 mm
disc destruction. However, J.D. Schlegel et al. reported on a
cadaveric specimen that an anterior disc distraction of 10 mm
caused 40 % FA improvement [39]. This brings into question
the relationship between the cage height and the foraminal
area. This is however beyond the scope of this review.

There is a significant correlation between ODI ques-
tionnaire score and FH, and FA improvement. ODI score
improvements in as high as 94 % of patients have been as-
sociated with improvement in foraminal parameters [7].
This emphasizes the importance of foraminal parameters as
indicators of good outcomes.

SUBSIDENCE

Subsidence is another rare but important complication
seen in ALIFE It is defined in literature as a decrease in the
vertical height of the vertebral disc space before complete
fusion [7]. The reduction in disc space can detrimentally
affect stability, and mechanical correction, and cause
chronic pain [40]. Subsidence occurs from as early as 15
days [41] to 3 months [15]. Body mass index is a major
factor associated with accelerated subsidence rates [42].

Caudal endplate erosion or overpreparation during dis-
cectomy [7] and variations in strength across endplate re-
gions due to variations in bone mineral density [15] are
considered risk factors for subsidence. The posteroinferior
third of the endplate and the vertebral periphery are strong-
er than the anterosuperior and the central regions of the
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vertebral endplate [41, 43]. This is supported by J.Y. Choi
et al., who reported a subsidence rate of 39.1 % at the superior
endplate and 17.3 % at the inferior endplate [15].
Furthermore, the rate of subsidence is affected by the
type of implant used in the fusion. Several studies in the
literature have studied the various implant materials. The
sole use of bone grafts in ALIF has been associated with
subsidence rates of up to 100 % [37, 44]. As an alternative
to bone grafts, metal interbody cages and more recently
PEEK [45] have been associated with better disc height and
reduced risk of subsidence during fusion [15, 40, 46].
However, studies have shown that subsidence does not
impair bony fusion [7, 47] and has no significant effect on

the clinical outcomes including VAS back pain, ODI, SF-
12 PCS, and MCS scores [7].

CONCLUSION

Anterior lumbar interbody fusion is a common and
effective treatment option to stabilize the spine and reduce
mechanical pain and provides indirect decompression of the
neural elements while restoring lordosis and correcting the
deformity. It is, however, not without complication. The
technical considerations and complication profiles are im-
portant and should be reviewed regularly to reduce compli-
cations and improve the quality of patient education and
preoperative informed consent.
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