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Abstract
Objective: The use of stand-alone 2-level anterior lumbar interbody fusion (ALIF) for degenerative lumbar
disease has been increasing as an alternative to routinely augmenting these constructs with posterior
fixation or fusion. Despite the potential benefits of a stand-alone approach (decreased cost and operative
time, decreased pain and early mobilization), there is a paucity of information regarding these operations in
the literature. This investigation aimed to determine the safety profile, radiographic outcomes including
fusion rates, improvement in preoperative pain, and spinopelvic parameter modification, for patients
undergoing stand-alone 2-level ALIF.

Methods: This retrospective case series involved a chart review of all patients undergoing 2-level stand-
alone ALIF at a single tertiary hospital from 2008 to 2018. Data included patient demographics,
hospitalization, complications and radiological studies. Visual analog scale (VAS) back and leg scores were
measured via patient-administered surveys preoperatively and up to 18 weeks postoperatively.

Results: Forty-one patients who underwent L4-S1 stand-alone ALIF were included. Sixteen (39%) of patients
had undergone previous posterior lumbar surgery. Length of stay averaged 4.2 days. Complication rates were
comparable to 1-level ALIF. Two patients required reoperation. Fusion rates were 100% for L4-5 and 94.4%
for L5-S1. There was no significant change in lumbar lordosis (LL) or LL-pelvic incidence (PI), but there was
improved segmental lordosis (SL) and disc height at L4-S1 on final follow-up imaging. There was also
modest but statistically significant improvement in VAS back and leg scores.

Conclusions: Stand-alone 2-level ALIF is an option for a surgeon to perform in the absence of significant
instability, even in the setting of prior posterior surgery. These procedures increase SL and disc height, but
do not have the same effect on LL or LL-PI.

Categories: Neurosurgery
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Introduction
Lumbar interbody fusion can be performed from anterior (anterior lumbar interbody fusion [ALIF]), lateral
(lateral or oblique lumbar interbody fusion [LLIF or OLIF]), or posterior (posterior or transforaminal lumbar
interbody fusion [PLIF or TLIF]) approaches [1]. The anterior approach allows for a comprehensive ventral
discectomy and straightforward endplate preparation, followed by direct graft insertion [2,3]. Comparable to
posterior and lateral approaches, ALIF is associated with high fusion rates [1,4-6]. This approach allows
substantial deformity correction and indirect neuroforaminal decompression, while also enabling early
postoperative mobilization by sparing posterior spinal and psoas muscle dissection [7-11]. ALIF may be
superior to TLIF, LLIF or OLIF at providing both segmental and overall lordosis correction [1,4,11,12]. The
anterior approach has limitations however, as it is most suitable for the L4-5 and L5-S1 levels and provides
only indirect neural element decompression. Complications can include visceral, ureteral, and vascular
injuries, along with retrograde ejaculation secondary to sympathetic injury [13,14].

Stand-alone 2-level ALIF is an alternative to routinely augmenting multilevel anterior constructs with
posterior fixation or fusion in patients without significant instability. However, the literature evaluating this
technique is limited, especially in considering patients who have undergone prior posterior surgery. To our
knowledge, no prospective or large-series retrospective studies are available. The potential benefits of
stand-alone 2-level ALIF include early postoperative mobilization and high fusion rates, with satisfactory
neuroforaminal height restoration and neurospinopelvic parameter improvement. Socioeconomic benefits
may include decreased operating time, length of stay, and overall cost. We sought to evaluate stand-alone 2-
level ALIF in a large comparatively homogenous series of patients, in the absence of significant instability,
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and even with a history of prior posterior lumbar surgery.

Materials And Methods
Institutional review board approval was obtained for this study; as a retrospective review of medical records
and charts, the informed consent of patients was not sought. We performed a search of the operating room
electronic scheduling record of a single tertiary hospital to locate all patients undergoing 2-level stand-alone
ALIF from 2008 to 2018. A retrospective review of each patient’s chart was performed to obtain information
on the following patient demographics: gender, smoking status, presence of osteoporosis, history of
previous posterior surgery, age at the time of surgery, body mass index and pain characteristics. Details
about the operation and hospitalization were collected, including the use of bone morphogenic protein-2
(BMP-2) (Medtronic, Dublin, Ireland) and length of stay. Polyetheretherketone (PEEK) (Globus, Audubon,
PA, USA) and titanium-coated PEEK (Aesculap, Tuttlingen, Germany) implants were used. Immediate
postoperative and long-term complications were also collected, including re-operation, retrograde
ejaculation, intraoperative vessel injury, hardware complication, adjacent segment disease, urinary
symptoms, deep vein thrombosis, and cerebrospinal fluid (CSF) leak.

All preoperative, immediate postoperative, and final standing radiographs, as well as computed tomography
(CT) scans, for those patients included in the analysis were evaluated. A single spine surgeon measured all
spinopelvic parameters to decrease the interobserver variability. Parameters measured were lumbar lordosis
(LL, angle from the superior L1 endplate to the superior S1 endplate), segmental lordosis (SL, angle from the
superior L4 endplate to the superior S1 endplate), sacral slope (SS), pelvic tilt (PT), pelvic incidence (PI), L4-
5 anterior disc height, L4-5 posterior disc height, L5-S1 anterior disc height, and L5-S1 posterior disc height.
X-rays were utilized to evaluate for fusion in the interbody cage as to limit unnecessary ionizing radiation.
When appropriate, CT scans were obtained and evaluated for the presence of interbody fusion. Only patients
with imaging studies at least 40 weeks (approximately nine months) from surgery were included in the
fusion analysis. A paired t-test (SAS Institute, Cary, NC, USA) was utilized to determine differences between
the means of spinopelvic parameters at the immediate postoperative period and on final X-rays in
comparison to the preoperative radiographs.

Voluntary electronic surveys were given to patients preoperatively and at every clinic appointment with
questions about pain levels. These included a 10-point visual analog scale (VAS) for a patient’s maximum
back pain, average back pain, maximum leg pain, and average leg pain. A paired t-test was used to
determine differences between these scores at every clinic visit in comparison to the preoperative scores.

Results
Patient demographics
Of the 41 patients who underwent L4-S1 ALIF, 22 were female and 19 were male. The average age at surgery
was 51.9 years (95% confidence interval (CI): 47.6-56.2). The average body mass index was 28.1 (95% CI:
26.8-29.3). When asked about radicular or lower back pain as a percentage of total symptomology, patients
noted that an average of 62.4% of their total symptoms were due to back pain (95% CI: 52.3-72.4). Only one
patient was a smoker, and one patient had a history of osteopenia. Sixteen patients (39%) had a history of
previous posterior lumbar surgery. Ten of these patients underwent bilateral laminectomies with or without
discectomy at L4-5, L5-S1 or both. Five patients underwent hemilaminectomy or laminotomy with or
without discectomy at L4-5, L5-S1 or both. One patient underwent a posterior fusion from L4-S1 with
removal of posterior instrumentation and subsequent pseudarthrosis prior to presentation to our clinic. The
demographic data are listed in Table 1.
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Demographic No. Patients (%)

Gender  

Female 22 (53.7%)

Male 19 (46.3%)

Smoking status  

No 40 (97.6%)

Yes 1 (2.4%)

Osteopenia  

No 40 (97.6%)

Yes 1 (2.4%)

Previous posterior surgery  

No 25 (61.0%)

Yes 16 (39.0%)

TABLE 1: Preoperative baseline characteristics of patients undergoing 2-level stand-alone
anterior lumbar interbody fusion

Immediate postoperative and long-term details and complications
All approaches were performed through a transperitoneal approach with the aid of a vascular approach
surgeon. The transperitoneal approach, even though not standard, was the choice of the approach surgeon.
BMP-2 (8.2 mg per level) was used as an interbody graft in both cages and in all patients. The average length
of stay was 4.2 days (95% CI: 3.6-4.8). Immediate postoperative and long-term complications are listed in
Table 2.

Complication No. Patients (%)

Re-operation 2/41 (4.88%)

Adjacent segment disease 3/41 (7.32%)

Ileus requiring nasogastric tube placement and/or prolonged hospital stay (>7 days) 3/41 (7.32%)

Permanent retrograde ejaculation 2/19 (10.5%)

Transient retrograde ejaculation 1/19 (5.26%)

Transient urinary hesitancy and erectile dysfunction 1/41 (2.44%)

Transient urinary retention 2/41 (4.88%)

Intraoperative vessel Injury 3/41 (7.32%)

Hardware complication 2/41 (4.88%)

Deep vein thrombosis 2/41 (4.88%)

Cerebrospinal fluid leak 1/41 (2.44%)

TABLE 2: Perioperative and long-term complications for patients undergoing 2-level stand-alone
anterior lumbar interbody fusion

Overall, 17 of 41 of patients (41.5%) had at least a minor complication after surgery, which included re-
operation, adjacent segment disease, prolonged ileus, transient or permanent retrograde ejaculation,
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transient urinary retention/hesitancy, hardware complication, deep vein thrombosis (DVT), intraoperative
vessel injury, and cerebrospinal fluid leak. Three patients (7.32%) developed adjacent segment degeneration,
with two treated conservatively and another treated with surgery. Two patients (4.88%) underwent re-
operation: one for early hardware failure at L5-S1 with subsequent S1 endplate fracture, and another for
early adjacent segment degeneration at L3-4. Three patients (7.32%) developed a clinically significant ileus
requiring nasogastric tube placement or a prolonged hospital stay greater than seven days. Two males
(10.5%) had permanent retrograde ejaculation, while another (5.26%) had transient retrograde ejaculation.
Three patients (7.32%) had transient urinary dysfunction, sexual dysfunction or both. Three patients (7.32%)
had an intraoperative vessel injury: two caused by retractors injuring the vena cava or iliac vein and one iliac
vein injury that occurred during screw placement. There were two (4.88%) hardware complications: lateral
breach of an L4 screw discovered and removed intraoperatively with a resultant radiculopathy treated
medically, and an L4-5 interbody cage placement causing L4 body fracture that was managed conservatively.
Two patients (4.88%) developed DVT. One patient (2.44%), who had a history of prior L4-5 discectomy,
sustained an intraoperative CSF leak during discectomy at the L4-5 level.

Fusion rates and spinopelvic parameters
Thirty-six of 41 patients (87.8%) had X-rays, CT scans or both performed at least 40 weeks postoperatively.
Average follow-up was 59.9 weeks (95% CI: 48.5-71.3). One patient was lost to follow-up immediately after
surgery. Two patients were lost to follow-up after their six-week postoperative visit. Two patients were
removed due to re-operations with subsequent posterior instrumentation and fusion. All 36 eligible patients
fused at L4-5. Thirty-four of the 36 patients (94.4%) fused at L5-S1. In the two patients with L5-S1
pseudarthrosis, there was fusion mass formation at L4-5 but not at L5-S1. This was also indicated on their X-
rays. X-rays alone were sufficient to confirm fusion for 20 patients. CT scans confirmed fusion in 14 of 16
patients.

Spinopelvic parameters were determined based on imaging acquired at preoperative, immediate
postoperative and final visit intervals; they are listed in Table 3. Thirty-four patients had preoperative
standing X-rays. Seven patients either did not have standing X-rays or had only flexion-extension X-rays.
Thirty-eight patients had final X-rays. Three patients were removed from final X-ray analysis: two secondary
to early reoperation and one who had no follow-up after discharge from the hospital. Of the final X-rays of
38 patients, two were obtained at the six-week visit, 16 at the 40-week visit and 20 at a visit greater than 52
weeks. There was a significant decrease of 5.0 degrees in LL between preoperative and immediate
postoperative X-rays, and a significant decrease in SS of 2.1 degrees in the immediate postoperative period.
However, there was no difference between preoperative and final LL or SS. There was a significant increase
in SL of 7.7 degrees in the immediate postoperative period. This difference decreased to 3.9 degrees on final
X-rays, though still statistically significant. There was no significant difference in PT between the three time
periods. Finally, there was a significant increase in anterior and posterior disc heights at both L4-5 and L5-
S1 immediately postoperatively. This increase continued to be statistically significant, though diminished,
on the final radiographs. When evaluating PI-LL balance (PI and LL being within 10 degrees of one another),
52.6% of patients were balanced preoperatively, and 68.4% were balanced at final follow-up. This trend was
not statistically significant. The average PI-LL difference was 10.5 degrees preoperatively and 8.6 degrees
postoperatively, which was also not statistically significant.
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Parameter  Preoperative Mean ± SD  Postoperative Mean ± SD  Final Mean ± SD

Lumbar lordosis (°)  48.2 ± 8.42 (n = 34)  43.2* ± 10.8 (n = 41)  50.8 ± 8.44 (n = 38)

Segmental lordosis (°)  31.5 ± 9.41 (n = 34)  39.2* ± 8.00 (n = 41)  35.4* ± 6.51 (n = 38)

Sacral slope (°)  35.5 ± 7.26 (n = 34)  33.4* ± 8.06 (n = 41)  36.4 ± 6.63 (n = 38)

Pelvic tilt (°)  17.9 ± 9.35 (n = 23)  21.4 ± 9.31 (n = 21)  17.2 ± 6.60 (n = 33)

L4-5 Anterior disk height (mm)  11.5 ± 4.59 (n = 34)  17.2* ± 3.82 (n = 41)  15.9* ± 3.89 (n = 38)

L4-5 Posterior disk height (mm)  5.47 ± 2.27 (n = 34)  8.19* ± 2.55 (n = 41)  7.27* ± 2.30 (n = 38)

L5-S1 Anterior disk height (mm)  11.1 ± 4.34 (n = 34)  19.0* ± 2.31 (n = 41)  17.9* ± 2.87 (n = 38)

L5-S1 Posterior disk height (mm)  3.77 ± 1.59 (n = 34)  6.12* ± 1.91 (n = 41)  6.02* ± 1.69 (n = 38)

TABLE 3: Spinopelvic parameters for patients undergoing 2-level stand-alone anterior lumbar
interbody fusion (ALIF) as measured in preoperative, immediate postoperative and final standing
radiographs
Asterisk (*) denotes statistical significance with p < 0.05.

Clinical pain outcomes
Only 32 patients responded to VAS back pain questions preoperatively, and only 27 and 26 patients
responded to the VAS maximum leg pain and average leg pain questions, respectively. At the six-week
postoperative visit, the number of respondents decreased to 25 and 18 for VAS back (both maximum and
average) and VAS leg pain, respectively. At 18 weeks, 23 patients responded to the VAS back pain (both
measures). At the same time point, 19 patients responded to the VAS maximum leg pain and 16 patients
responded to the VAS average leg pain. The response rate dropped much lower at the 11-month visit and
therefore those results are not presented.

The VAS maximum back pain score preoperatively was 7.9 (standard error of the mean = 0.47), decreased to
5.2 (0.56) at six weeks, and further to 4.8 (0.67) at 18 weeks. The VAS average back pain score preoperatively
was 5.8 (0.46), decreased to 3.0 (0.36) at six weeks, and remained stable at 3.0 (0.53) at 18 weeks. The VAS
maximum leg pain score preoperatively was 7.9 (0.34), decreased to 5.2 (0.74) at six weeks postoperatively,
and then increased slightly to 5.3 (0.74) at 18 weeks. The VAS average leg pain score preoperatively was 6.0
(0.43), decreased to 3.1 (0.626) at six weeks postoperatively, and then increased slightly to 3.6 (0.77) at 18
weeks. All values from the four measures at the two postoperative time points were statistically improved (p
< 0.05) when compared to the preoperative measures. This trend is graphically shown in Figure 1.
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FIGURE 1: Graphical depiction of visual analog scale (VAS) scores for
back and leg pain. (A) Maximum back pain, (B) average back pain, (C)
maximum leg pain, and (D) average leg pain all statistically improved
postoperatively at the 6-week and 18-week visits (p < 0.05). Error bars
show standard error of the mean.

Discussion
We present our experience with performing 2-level stand-alone ALIF in patients with symptomatic
degenerative lumbar disease without significant instability. Avoiding posterior fixation or fusion in these
patients decreases overall cost and operative time, while enabling early postoperative mobilization and
reducing length of stay [15]. We found an average length of stay of 4.2 days, well in accordance with the
national average of 5.1 days for ALIF and considerably below the average of six days for combined anterior-
posterior fusion approaches [15]. However, though this technique is utilized on a widespread basis in spine
surgery, most of the evidence regarding this procedure comes from heterogeneous studies or meta-analyses
that combine patients undergoing 1-level and multilevel stand-alone ALIF. As such, our study describes the
largest series of 2-level stand-alone ALIF in the literature. We demonstrate that this intervention achieves
high fusion rates without the need for posterior instrumentation, even in those patients who had undergone
previous posterior lumbar surgery, provided there is no significant instability. Based on our experience,
significant instability likely is any mobile spondylolisthesis with greater than 3 mm of translation between
flexion-extension X-rays. However, this claim would need significant testing with prospective, larger studies
for validation. Patients with significant instability or concerns regarding the strength of anterior fixation
would likely require a posterior fixation or fusion procedure and would not be candidates for a stand-alone 2-
level ALIF.

A high fusion rate was achieved even with 39% of patients having undergone previous posterior surgeries,
most of which were complete laminectomies rather than hemilaminectomies or laminotomies (Figure 2).
This result suggests that disruption to the posterior tension band is not an absolute contraindication to
performing 2-level stand-alone ALIF. Moreover, four patients had a preoperative grade-I spondylolisthesis at
L4-5, three of which worsened just slightly on flexion-extension X-rays. The fourth patient did not have
dynamic X-ray imaging available, though comparing upright to supine imaging modalities did not
demonstrate a change in the amount of anterolisthesis. One of these four patients was lost to follow-up, but
the other three fused at the L4-5 level (one of whom had an L4-5 unilateral iatrogenic pars fracture from a
previous laminectomy). None of our patients had spondylolysis at either the L4-5 or L5-S1 levels. However,
one patient in the cohort preoperatively had a mobile grade-I spondylolisthesis at L5-S1 that worsened to an
almost grade-II spondylolisthesis upon standing. Postoperatively, this patient developed an S1 endplate
fracture with anterior migration of the L5-S1 cage, ultimately requiring posterior instrumented fusion two
months later. In combining the findings above, 2-level stand-alone ALIF achieves a high fusion rate in
patients with a history of previous posterior surgery, provided the patient does not have gross preoperative
instability, especially at L5-S1.

2020 Kashlan et al. Cureus 12(11): e11684. DOI 10.7759/cureus.11684 6 of 10

https://assets.cureus.com/uploads/figure/file/137714/lightbox_7740be30d82611ea8f9003fbf06fe259-Figure-1.png


FIGURE 2: Postoperative (>6 months) upright radiographs of patients
with a history of prior posterior lumbar surgery and after undergoing
stand-alone L4-S1 anterior lumbar interbody fusion (ALIF). Patients had
a history of either single-level or multilevel lumbosacral laminectomy:
(A) L4-S1, (B) L3-S1, (C) L4-5, (D) L3-5, (E) L4-5 and (F) L5. These
examples illustrate the safety in performing a stand-alone L4-S1 ALIF in
the setting of prior posterior surgery.

The high fusion rates observed in this study are comparable with those of the interbody fusion literature.
However, they might be inflated by patient selection (only one smoker and one patient with osteopenia) and
using BMP-2 in all cages. Our dose of BMP-2 per level is within the range described in the literature [16].
Nonetheless, two patients developed pseudarthrosis at L5-S1, likely due to increased forces at the
lumbosacral junction compared to L4-5. In one of these patients, who developed pseudarthrosis at L5-S1
nine months postoperatively, we had initially planned to perform posterior percutaneous fixation in a
delayed fashion due to a significant scoliotic deformity at L4-S1. However, the patient opted against
continuing with the posterior surgery due to improvement in symptoms after the anterior procedure. The
patient was subsequently lost to follow-up. The second patient developed pseudarthrosis diagnosed at 15
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months postoperatively. Even though she had significant symptoms, she opted for continued conservative
management and surveillance imaging with the hope of achieving delayed fusion. Of note, this patient had a
high PI of 74.9 degrees. In addition, another patient with a high PI of 68.0 degrees reached delayed L5-S1
fusion at 18 months. These findings suggest that 2-level stand-alone ALIF should probably be supplemented
with posterior percutaneous fixation or fusion in patients with a high PI. However, this is not an absolute
recommendation as there was also a patient in our cohort with a PI of 75.2 degrees who had fused by one
year. Further prospective studies are needed to determine if a PI threshold exists that makes posterior
supplementation necessary.

We found a risk of adjacent segment degeneration after 2-level stand-alone ALIF comparable to that
described in the literature. Three patients (7.32%) developed adjacent segment degeneration, two in a
delayed fashion (at two years and 15 months). Both patients had developed adequate fusion at L4-S1 and
ultimately opted for conservative management. The third patient developed significant adjacent segment
degeneration two months postoperatively and required an L3-4 TLIF with L3-S1 posterior instrumented
fusion. However, this outcome was not entirely unexpected as preoperative imaging demonstrated
significant disc disease at L3-4 with an associated disc herniation causing mild stenosis. Because of this
patient’s young age of 25 years, we opted to initially manage only the most symptomatic segments and
performed an L4-S1 ALIF. We perhaps should have initially been more aggressive with treatment of the L3-4
disc space.

The most problematic perioperative complications associated with the anterior spinal approach are ileus,
vascular injury, bowel injury, DVT due to venous retraction, and damage to the sympathetic plexus causing
retrograde ejaculation in men. Our low rate of ileus, even with utilizing our vascular approach surgeon’s
preferred transperitoneal approach, is likely due to prophylactic placement of the patients on scheduled
intravenous prokinetic drugs, meticulous electrolyte replacement and strict diet advancement
postoperatively. There were no bowel injuries in the cohort, likely owing to the experience of the approach
surgeon. We did have three patients (7.32%) with an intraoperative vessel injury, and the vascular surgeon
repaired these injuries intraoperatively with no significant blood loss or patient morbidity. This finding
demonstrates the importance of having an experienced approach surgeon present and involved in the
operation from beginning to end. Two patients developed DVT postoperatively, one of whom had a remote
history of DVT with associated pulmonary emboli and was bridged off his anticoagulation for our surgery.
The other was unprovoked. Neither of these patients developed pulmonary embolus and both were
successfully treated with anticoagulation. To help prevent against DVT, we administer 5000 units of heparin
subcutaneously preoperatively; we also minimize venous retraction time and have retraction “breaks” every
few minutes to prevent venous stasis. Lastly, our permanent retrograde ejaculation rate of 10.5% is
comparable to that seen in the literature for 1- or 2-level ALIF with concurrent use of BMP-2 [17, 18]. This
result suggests that performing a 2-level ALIF does not specifically place patients at an increased risk of
developing this complication when compared to a 1-level ALIF. It is important to note that a meta-analysis
of the two techniques showed a higher postoperative retrograde ejaculation rate and a trend towards higher
overall complication rates in the transperitoneal approach (which is what we used) versus the
retroperitoneal approach [19]. The approach surgeon at our institution is an experienced vascular surgeon,
which might explain our complication rates being similar to the complication rates following a
retroperitoneal approach in the literature. Lastly, a meta-analysis of BMP-2 in ALIF demonstrated a weak
trend between likelihood of complications (retrograde ejaculation, endplate resorption, and graft
subsidence) and dosing of BMP-2. Therefore, decreasing the dose of BMP-2 further might decrease
complication rates further [16].

There is some controversy regarding the effect of ALIF on spinopelvic parameters. We found that 2-level
ALIF did not significantly alter most parameters on final X-rays, though we did find an increase in SL of 3.9
degrees, as demonstrated in previously reported studies [7]. The most notable radiographic change following
2-level ALIF was increased anterior and posterior disc height at both L4-5 and L5-S1. Subsidence expectedly
occurred at operated levels between the immediate postoperative and final X-rays, with a slight decrease in
both final SL and disc height measurements. However, performing 2-level ALIF did not ultimately alter final
LL, SS, PT or LL-PI parameters in a significant way. We suspect the transient decreases in LL and SS,
observed immediately postoperatively, were due to patient discomfort and a subsequently associated
positional distortion. Nonetheless, the spinopelvic parameter findings suggest that 2-level stand-alone ALIF
should not be utilized as an isolated deformity operation, and this intervention requires supplementation
with posterior osteotomies and compression to achieve significant corrections to LL. This is supported by
the fact that, although trending toward ideal (≤10 degrees), we did not have a statistically significant change
in LL-PI or the number of patients with corrected LL-PI mismatch after surgery [20]. Further large
prospective studies are needed to assess this assertion and to determine what spinopelvic parameter
changes may be tied to clinical outcomes. There is increasing evidence to suggest that patients with ideal
LL-PI values postoperatively have reduced back pain [20-22].

With regards to clinical outcomes after a 2-level stand-alone ALIF, our study showed statistically significant
improvement in back and leg pain postoperatively. Even though statistically significant, the clinical effect in
our study was modest, as the patients continued to have back and leg pain-albeit at a lower level. However,
this result should be seen with the caveat of a low patient response rate, which is almost certainly due to the
surveys being completely voluntary and some patients likely decided not to take the time to fill them out.
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This significant limitation of our study likely biases the results, especially if there is a higher propensity of
patients with good outcomes to disregard the survey when compared to patients with poor outcomes, or vice
versa.

This study is the largest to date assessing radiographic outcomes associated with 2-level stand-alone ALIF,
though the findings remain limited by the retrospective nature of the analysis and by the number of
patients. The paucity of functional outcomes information is the most glaring limitation of this study and will
be addressed in subsequent studies. Moreover, though our study had an acceptable follow-up rate (87.8%)
with 36 of 41 eligible patients reaching an average of 59.9 weeks, the loss of some patients and lack of long-
term data may decrease our stated rates of adjacent segment degeneration and reoperation. As such, we
listed absolute numbers for each characteristic studied in addition to percentages. Another limitation is the
fact that most of our fusion analysis comes from evaluating X-rays, which is not ideal. Nonetheless, our
practice evolved to this pattern to minimize radiation in patients who are doing well clinically. Lastly, the
goal of this project was not to discuss or help determine the indications for when to perform an ALIF versus
TLIF. The goal was to show that it is reasonable and possible in a select patient subgroup to perform a stand-
alone 2-level ALIF rather than a 2-level ALIF with posterior fixation or fusion. On the same note, in our
practice, the patient population requiring ALIF in addition to posterior fixation differs from the population
of patients who are candidates for a 2-level stand-alone ALIF. This is the gist of this manuscript. For this
reason, we decided to present these data as a case series and not as a comparative study to TLIF patients or
ALIF patient with posterior fixation or fusion. 

Conclusions
Utilizing a retrospective analysis, we demonstrate that performing 2-level stand-alone ALIF in patients
without significant instability is a valid option and achieves high fusion rates even in the setting of previous
posterior lumbar surgery. The findings also illustrate the lack of a significant change in LL, SS and PT.
However, 2-level ALIF does significantly increase SL and disc height at operated levels. These changes are
greatest immediately after surgery but decrease in magnitude due to subsidence on final radiographs.
Further prospective studies, including higher patient numbers and functional outcomes, are required to
substantiate our findings.

Additional Information
Disclosures
Human subjects: Consent was obtained by all participants in this study. Emory University issued approval
N/A. Institutional review board approval was obtained for this study; as a retrospective review of medical
records and charts, the informed consent of patients was not sought. . Animal subjects: All authors have
confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In compliance
with the ICMJE uniform disclosure form, all authors declare the following: Payment/services info: All
authors have declared that no financial support was received from any organization for the submitted work.
Financial relationships: All authors have declared that they have no financial relationships at present or
within the previous three years with any organizations that might have an interest in the submitted work.
Other relationships: All authors have declared that there are no other relationships or activities that could
appear to have influenced the submitted work.

References
1. Teng I, Han J, Phan K, Mobbs R: A meta-analysis comparing ALIF, PLIF, TLIF and LLIF . J Clin Neurosci.

2017, 44:11-17. 10.1016/j.jocn.2017.06.013
2. Kuang L, Wang B, Lu G: Transforaminal lumbar interbody fusion versus mini-open anterior lumbar

interbody fusion with oblique self-anchored stand-alone cages for the treatment of lumbar disc herniation:
a retrospective study with 2-year follow-up. Spine (Phila Pa 1976). 2017, 42:1259-1265.
10.1097/BRS.0000000000002145

3. Mobbs RJ, Loganathan A, Yeung V, Rao PJ: Indications for anterior lumbar interbody fusion . Orthop Surg.
2013, 5:153-163. 10.1111/os.12048

4. Ajiboye RM, Alas H, Mosich GM, Sharma A, Pourtaheri S: Radiographic and clinical outcomes of anterior
and transforaminal lumbar interbody fusions: a systematic review and meta-analysis of comparative studies.
Clin Spine Surg. 2018, 31:230-238. 10.1097/BSD.0000000000000549

5. Giang G, Mobbs R, Phan S, Tran TM, Phan K: Evaluating outcomes of stand-alone anterior lumbar interbody
fusion: a systematic review. World Neurosurg. 2017, 104:259-271. 10.1016/j.wneu.2017.05.011

6. Strube P, Hoff E, Hartwig T, Perka CF, Gross C, Putzier M: Stand-alone anterior versus anteroposterior
lumbar interbody single-level fusion after a mean follow-up of 41 months. J Spinal Disord Tech. 2012,
25:362-369. 10.1097/BSD.0b013e3182263d91

7. Afathi M, Zairi F, Devos P, et al.: Anterior lumbar sagittal alignment after anterior or lateral interbody
fusion. Orthop Traumatol Surg Res. 2017, 103:1245-1250. 10.1016/j.otsr.2017.09.014

8. Hsieh PC, Koski TR, O'Shaughnessy BA, et al.: Anterior lumbar interbody fusion in comparison with
transforaminal lumbar interbody fusion: implications for the restoration of foraminal height, local disc
angle, lumbar lordosis, and sagittal balance. J Neurosurg Spine. 2007, 7:379-386. 10.3171/SPI-07/10/379

9. Mobbs RJ, Phan K, Daly D, Rao PJ, Lennox A: Approach-related complications of anterior lumbar interbody
fusion: results of a combined spine and vascular surgical team. Global Spine J. 2016, 6:147-154. 10.1055/s-

2020 Kashlan et al. Cureus 12(11): e11684. DOI 10.7759/cureus.11684 9 of 10

https://dx.doi.org/10.1016/j.jocn.2017.06.013
https://dx.doi.org/10.1016/j.jocn.2017.06.013
https://dx.doi.org/10.1097/BRS.0000000000002145
https://dx.doi.org/10.1097/BRS.0000000000002145
https://dx.doi.org/10.1111/os.12048
https://dx.doi.org/10.1111/os.12048
https://dx.doi.org/10.1097/BSD.0000000000000549
https://dx.doi.org/10.1097/BSD.0000000000000549
https://dx.doi.org/10.1016/j.wneu.2017.05.011
https://dx.doi.org/10.1016/j.wneu.2017.05.011
https://dx.doi.org/10.1097/BSD.0b013e3182263d91
https://dx.doi.org/10.1097/BSD.0b013e3182263d91
https://dx.doi.org/10.1016/j.otsr.2017.09.014
https://dx.doi.org/10.1016/j.otsr.2017.09.014
https://dx.doi.org/10.3171/SPI-07/10/379
https://dx.doi.org/10.3171/SPI-07/10/379
https://dx.doi.org/10.1055/s-0035-1557141
https://dx.doi.org/10.1055/s-0035-1557141


0035-1557141
10. Mobbs RJ, Phan K, Thayaparan GK, Rao PJ: Anterior lumbar interbody fusion as a salvage technique for

pseudarthrosis following posterior lumbar fusion surgery. Global Spine J. 2016, 6:14-20. 10.1055/s-0035-
1555656

11. Watkins RG 4th, Hanna R, Chang D, Watkins RG 3rd: Sagittal alignment after lumbar interbody fusion:
comparing anterior, lateral, and transforaminal approaches. J Spinal Disord Tech. 2014, 27:253-256.
10.1097/BSD.0b013e31828a8447

12. Phan K, Thayaparan GK, Mobbs RJ: Anterior lumbar interbody fusion versus transforaminal lumbar
interbody fusion--systematic review and meta-analysis. Br J Neurosurg. 2015, 29:705-711.
10.3109/02688697.2015.1036838

13. Lee CS, Hwang CJ, Lee DH, Kim YT, Lee HS: Fusion rates of instrumented lumbar spinal arthrodesis
according to surgical approach: a systematic review of randomized trials. Clin Orthop Surg. 2011, 3:39-47.
10.4055/cios.2011.3.1.39

14. Rajaraman V, Vingan R, Roth P, Heary RF, Conklin L, Jacobs GB: Visceral and vascular complications
resulting from anterior lumbar interbody fusion. J Neurosurg. 1999, 91:60-64.

15. Goz V, Weinreb JH, Schwab F, Lafage V, Errico TJ: Comparison of complications, costs, and length of stay of
three different lumbar interbody fusion techniques: an analysis of the Nationwide Inpatient Sample
database. Spine J. 2014, 14:2019-2027. 10.1016/j.spinee.2013.11.050

16. Hofstetter CP, Hofer AS, Levi AD: Exploratory meta-analysis on dose-related efficacy and morbidity of bone
morphogenetic protein in spinal arthrodesis surgery. J Neurosurg Spine. 2016, 24:457-475.
10.3171/2015.4.SPINE141086

17. Carragee EJ, Mitsunaga KA, Hurwitz EL, Scuderi GJ: Retrograde ejaculation after anterior lumbar interbody
fusion using rhBMP- 2: a cohort controlled study. Spine J. 2011, 11:511-516. 10.1016/j.spinee.2011.02.013

18. Tepper G, Rabbani R, Yousefzadeh M, Prince D: Quantitative assessment of retrograde ejaculation using
semen analysis, comparison with a standardized qualitative questionnaire, and investigating the impact of
rhBMP-2. Spine (Phila Pa 1976). 2013, 38:841-845. 10.1097/BRS.0b013e31828bf36a

19. Bateman DK, Millhouse PW, Shahi N, et al.: Anterior lumbar spine surgery: a systematic review and meta-
analysis of associated complications. Spine J. 2015, 15:1118-1132. 10.1016/j.spinee.2015.02.040

20. Schwab FJ, Blondel B, Bess S, et al.: Radiographical spinopelvic parameters and disability in the setting of
adult spinal deformity: a prospective multicenter analysis. Spine (Phila Pa 1976). 2013, 38:803-812.
10.1097/BRS.0b013e318292b7b9

21. Aoki Y, Nakajima A, Takahashi H, et al.: Influence of pelvic incidence-lumbar lordosis mismatch on surgical
outcomes of short-segment transforaminal lumbar interbody fusion. BMC Musculoskelet Disord. 2015,
16:213. 10.1186/s12891-015-0676-1

22. Schwab F, Patel A, Ungar B, Farcy JP, Lafage V: Adult spinal deformity-postoperative standing imbalance:
how much can you tolerate? An overview of key parameters in assessing alignment and planning corrective
surgery. Spine (Phila Pa 1976). 2010, 35:2224-2231. 10.1097/BRS.0b013e3181ee6bd4

2020 Kashlan et al. Cureus 12(11): e11684. DOI 10.7759/cureus.11684 10 of 10

https://dx.doi.org/10.1055/s-0035-1555656
https://dx.doi.org/10.1055/s-0035-1555656
https://dx.doi.org/10.1097/BSD.0b013e31828a8447
https://dx.doi.org/10.1097/BSD.0b013e31828a8447
https://dx.doi.org/10.3109/02688697.2015.1036838
https://dx.doi.org/10.3109/02688697.2015.1036838
https://dx.doi.org/10.4055/cios.2011.3.1.39
https://dx.doi.org/10.4055/cios.2011.3.1.39
https://www.ncbi.nlm.nih.gov/pubmed/10419370
https://dx.doi.org/10.1016/j.spinee.2013.11.050
https://dx.doi.org/10.1016/j.spinee.2013.11.050
https://dx.doi.org/10.3171/2015.4.SPINE141086
https://dx.doi.org/10.3171/2015.4.SPINE141086
https://dx.doi.org/10.1016/j.spinee.2011.02.013
https://dx.doi.org/10.1016/j.spinee.2011.02.013
https://dx.doi.org/10.1097/BRS.0b013e31828bf36a
https://dx.doi.org/10.1097/BRS.0b013e31828bf36a
https://dx.doi.org/10.1016/j.spinee.2015.02.040
https://dx.doi.org/10.1016/j.spinee.2015.02.040
https://dx.doi.org/10.1097/BRS.0b013e318292b7b9
https://dx.doi.org/10.1097/BRS.0b013e318292b7b9
https://dx.doi.org/10.1186/s12891-015-0676-1
https://dx.doi.org/10.1186/s12891-015-0676-1
https://dx.doi.org/10.1097/BRS.0b013e3181ee6bd4
https://dx.doi.org/10.1097/BRS.0b013e3181ee6bd4

	Safety Profile and Radiographic and Clinical Outcomes of Stand-Alone 2-Level Anterior Lumbar Interbody Fusion: A Case Series of 41 Consecutive Patients
	Abstract
	Introduction
	Materials And Methods
	Results
	Patient demographics
	TABLE 1: Preoperative baseline characteristics of patients undergoing 2-level stand-alone anterior lumbar interbody fusion

	Immediate postoperative and long-term details and complications
	TABLE 2: Perioperative and long-term complications for patients undergoing 2-level stand-alone anterior lumbar interbody fusion

	Fusion rates and spinopelvic parameters
	TABLE 3: Spinopelvic parameters for patients undergoing 2-level stand-alone anterior lumbar interbody fusion (ALIF) as measured in preoperative, immediate postoperative and final standing radiographs

	Clinical pain outcomes
	FIGURE 1: Graphical depiction of visual analog scale (VAS) scores for back and leg pain. (A) Maximum back pain, (B) average back pain, (C) maximum leg pain, and (D) average leg pain all statistically improved postoperatively at the 6-week and 18-week visits (p < 0.05). Error bars show standard error of the mean.


	Discussion
	FIGURE 2: Postoperative (>6 months) upright radiographs of patients with a history of prior posterior lumbar surgery and after undergoing stand-alone L4-S1 anterior lumbar interbody fusion (ALIF). Patients had a history of either single-level or multilevel lumbosacral laminectomy: (A) L4-S1, (B) L3-S1, (C) L4-5, (D) L3-5, (E) L4-5 and (F) L5. These examples illustrate the safety in performing a stand-alone L4-S1 ALIF in the setting of prior posterior surgery.

	Conclusions
	Additional Information
	Disclosures

	References


