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Background: High-grade spondylolisthesis (>50% slippage) is infrequently encountered in adults and 
frequently requires surgical treatment. The optimal surgical treatment is controversial with limited literature 
guidance as to optimal approach to treatment. An observational study to examine the technique and 
radiographic outcomes of adult patients treated with anterior lumbar interbody fusion (ALIF) and posterior 
percutaneous instrumentation for high-grade spondylolisthesis. 
Methods: ALIF was performed in 5 consecutive patients (3/5 female, 2/5 male) aged 29–67 years old 
who presented with low back pain and L5 radiculopathy. All patients failed conservative treatment and 
were treated with L4–5 and L5–S1 ALIF followed by posterior percutaneous L4–S1 pedicle screw and 
rod fixation. Pre- and postoperative clinical data was collected including L5–S1 posterior disk height in 
millimeters, millimeters of spondylolisthesis at L5–S1, degrees of segmental lordosis (L4–S1), lumbar 
lordosis (L1–S1), and lumbar lordosis pelvic incidence (LL-PI) mismatch.
Results: Six weeks following surgery, no patient reported residual L5 radicular symptoms. At last follow 
up, patient satisfaction, according to Modified Macnab Criteria, was excellent in 4/5 patients and good 
in 1/5 patient. In the 4 patients with greater than 1 year radiographic follow up, fusion rate was 100% on 
computed tomography (CT). Mean increase in posterior disk height was 12.5 mm (range, 11.4–13.5 mm). 
Mean reduction in spondylolisthesis was 58.7% (range, 20.2–100%). Mean segmental (L4–S1) and overall  
(L1–S1) lumbar lordosis increased by 23.6% (range, 6.5–41.7%) and 16.6% (2.5–31.5%), respectively. 
Following surgery, LL-PI mismatch decreased from a mean of 16.4 to 10.2 degrees.
Conclusions: ALIF with posterior percutaneous instrumentation is a safe and effective treatment for high-
grade lumbosacral spondylolisthesis in properly selected adults. This technique improves lumbar sagittal 
parameters and reduces spondylolisthesis. The indirect neural decompression from simultaneous disk height 
restoration and spondylolisthesis reduction may be associated with lower neurological injury rate compared 
to posterior-only. Future prospective study is needed to validate this hypothesis.
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Introduction

High-grade spondylolisthesis grades as Meyerding grade III 
or IV with more than 50% slippage of the vertebral body 
on the subjacent vertebral body. Most high-grade listheses 
are the result of isthmic spondylolisthesis, as complete 
disruption of the pars is typically necessary for the degree of 
anterior vertebral translation. Thus, as expected, high-grade 
spondylolisthesis most commonly occurs at the L5–S1 level (1).

Patients with high-grade L5–S1 spondylolisthesis commonly 
present with pain and neurological deficits. Studies show that the 
majority of patients with high-grade lumbar spondylolisthesis 
continue to remain symptomatic despite conservative treatment, 
necessitating eventual surgical treatment (2).

Because high-grade listheses account for a small minority of 
patients treated for spondylolisthesis, limited publications focus 
specifically on this topic. Controversy remains over optimal 
surgical treatment for high-grade isthmic spondylolisthesis (3).

Several articles describe posterior only approaches for 
lumbar fusion in patients with high-grade spondylolisthesis 
(4-8). In some series with posterior-only approaches, 
authors report high rates of pseudoarthrosis in the range 
of 16–39%, as well as postoperative neurological deficits 
ranging from 34–42% (5,7). 

A limited number of publications describe combined 
anterior and posterior approaches for lumbar fusion 
in patients with high-grade spondylolisthesis, focusing 
primarily on the pediatric and adolescent populations (6,8,9). 
Overall, the patients treated with circumferential fusion 
techniques had satisfactory clinical and radiographic results, 
as determined by various standardized outcome scales. A 
paucity of data exists with respect to combined anterior and 
posterior lumbar fusion in the adult population. 

In the current study, we describe a series of 5 consecutive 
adult patients treated with circumferential lumbar fusion for 
high-grade (>50% slippage) lumbar spondylolisthesis. The 
operative technique is described in detail with illustrations. 
Demographic, preoperative and postoperative radiographic 
parameters, and radiographic outcomes are reported. We 
discuss our preference and rationale for treating high-grade 
spondylolisthesis via a circumferential technique. We present 
the article in accordance with the STROBE reporting 
checklist (available at http://dx.doi.org/10.21037/jss-20-597).

Methods

Patient population

This study used a retrospective analysis for a cohort of 

five consecutive adult patients treated with circumferential 
lumbar fusion procedures were identified from a quality 
database in an academic spine practice. Inclusion 
criteria included: age 18 years and older, high-grade 
spondylolisthesis (Meyerding grade ≥3) at L5–S1, and 
preoperative and postoperative clinical and radiographic 
records. All recorded, qualifying procedures within the 
practice from 2017 to 2019 were included. The study was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013). The study was approved by institutional 
review board of Mayo Clinic Hospital as IRB exempt with 
an IRB identifier 20-002916. Consent waiver granted due 
to de-identified, retrospective chart review. 

Preoperative radiographic assessment

Prior to surgery, each patient underwent 36-inch scoliosis 
X-rays, dynamic flexion-extension lumbar X-rays, 
lumbar magnetic resonance imaging (MR) scans, and 
lumbar computerized tomography (CT) scans. Figure 1 
demonstrates a sample preoperative lumbar computed 
tomography (CT) scan.

Surgical technique

After induction of general anesthesia with adequate vascular 
access, a large pliable bump (approximately 10 cm in 
diameter) is placed under the lumbar region. This maneuver 
increases lumbar lordosis and reduces the L5–S1 slippage 
in some cases. Blood pressure is constantly monitored by 
an arterial line in the radial position. Additionally, a pulse 
oximeter is used on the left hallux to provide monitoring 
of the perfusion to the left lower extremity throughout the 
case. 

An infraumbilical midline incision approximately  
10 cm in length is carried through the subcutaneous tissues 
to the level of the fascia. The subcutaneous fat is elevated 
from the fascia towards the left side of the linea alba for a 
length of approximately 5 cm. The fascia is incised 3 cm 
lateral and parallel to the linea alba. The fascial incision 
is extended proximally and distally to facilitate exposure 
to the retroperitoneum. The rectus muscle is elevated 
and moved laterally with the aid of a large handheld 
Richardson retractor (Medline Industries, Mundelein, IL). 
The epigastric vessels are retracted or ligated as necessary 
before being swept laterally with the rectus muscle. The 
peritoneum is swept medially and not violated. The 
retroperitoneal fat is then encountered and blunt dissection 
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was carried down to the level of the psoas muscle. At this 
point in the dissection an Omni retractor (Omni-Tract 
Surgical, St. Paul, MN) with multiple renal vein retractors 
(usually 4–5) maintains the exposure. The left ureter is 
identified and protected as well as iliac artery and vein. 
Dissection is continued on the L5–S1 disk space until the 
middle sacral vein and artery are identified. These structures 
are ligated and transected. The L5–S1 disk space is cleared 
of soft tissue. Attention is then turned to the L4–L5 disk 
space. The left iliac vessels are usually mobilized medially 
to provide adequate exposure with care taken to ligate any 
lateral branches—namely iliolumbar vein—which may tear 
during mobilization. The pulse oximeter is also monitored 
for any change in perfusion to the left hallux, which could 
indicate significant compression of the arterial supply to the 

lower extremity. Appropriate exposure is confirmed with 
fluoroscopic guidance in the anterior and lateral positions. 
Exposure is maintained with renal vein retractors. The 
renal vein retractors are moved numerous times during the 
dissection to provide adequate visualization of structures, 
reduce prolonged venous compression and aid in blunt 
dissection.

The L4–5 discectomy is performed first (Figure 2). 
Performing the L4–5 discectomy first allows for greater 
mobility when restoring the disk height and reducing the 
spondylolisthesis at the L5–S1 level. After performing 
a discectomy at the L4-5 interspace, the retractors are 
repositioned over the L5–S1 interspace. An annulotomy 
is performed using a 15 blade. We then use a mallet to 
gently tamp the Cobb instrument into the disk space. This 
step was performed with fluoroscopic guidance to ensure 
the endplates are not violated. The Cobb instrument is 
gently rocked clockwise and counter-clockwise to mobilize 
the disk space (Figure 3). We then use a series of trials to 
sequentially expand the disk height. As the disk height is 
restored, the spondylolisthesis is typically partially reduced. 
Final removal of disk material and endplate preparation is 
completed using standard technique (Figure 4). In the last 
step, the interbody graft is inserted. We use implants with 
integrated screws (Sovereign, Medtronic, Minneapolis, 
MN). The integrated screws are placed in both the cephalad 
and caudal directions. Alternatively, integrated screws 
may only be placed into the cephalad or caudal vertebral 
bodies. We have found that the posterior pedicle screws 
will overpower the smaller, anterior integrated screws. 
Consequently, additional reduction of spondylolisthesis is 
possible when posterior pedicle screws are placed, even if 
the integrated screws are placed into both adjacent vertebral 
bodies. The interbody spacer is then placed into the L4–5 

Figure 1 Example of sagittal CT showing Grade 3 L5–S1 
spondylolisthesis.

Figure 2 Cartoon demonstrating L4–5 discectomy.

Figure 3 L5–S1 discectomy and sequential reduction of 
anterolisthesis.
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interspace in the same fashion. 
The surgica l  bed i s  inspected for  hemostas i s . 

Liposomal bupivacaine (Exparel® Pacira, San Diego) is 
then infiltrated into the lateral abdominal wall, anterior 
fascia, and subcutaneous tissues. The abdominal contents 
are returned to their normal anatomic positions and the 
fascia is closed. The subcutaneous fat is re-approximated 
and the skin is closed with subcuticular running suture. 
Good perfusion to the lower extremities is verified. 
The patient is then repositioned in the prone position. 
Posterior percutaneous pedicle screw and rod fixation 
is placed from L4–S1 through Wiltse incisions with 
O-arm® navigation. Additional reduction of the L5–S1 
anterolisthesis is obtained by reducing the L5 screws to 
the rod (Figures 4,5).

Clinical and radiographic assessment

Medical and operative records were reviewed, and extracted 
data included: demographics, operative indication, length 
of stay, estimated blood loss, presence of radiculopathy 
at 6 weeks, and length of follow up. At last follow up, the 
Modified Macnab Criteria (10) were used to assess patient 
satisfaction with surgery. 

Four of the five patients underwent standing lumbar 
radiographs preoperatively and at regular follow-up 
intervals (2 weeks, 3 months and 12 months). One patient 
was unable to complete the 12-month follow-up X-rays. 
The radiographs were used to measure posterior disk height 
and millimeters of anterolisthesis at L5–S1 at the following 
time points: prior to surgery and at the final radiographic 
follow up. Segmental lordosis (L4–S1), total lumbar 
lordosis, and pelvic incidence—lumbar lordosis angle (PI-
LL) mismatch were also measured prior to surgery and at 
last follow up. 

Fusion was also assessed on the final radiographs or 
CT scan. Fusion was determined if there was (I) evidence 
of bridging trabecular bone across the disk space and (II) 
no sign of hardware loosening. Figure 6 demonstrates 
robust L4–S1 with bridging bone across interspaces.  
All radiographic measurements were the averaged 
measurements from 2 fellowship-trained spine surgeons. 
There was uniform agreement on spinal fusion in each 
case.

Statistical analysis

Descriptive statistics are reported as mean (range). 

Figure 4 L5–S1 endplate preparation, placement of interbody grafts, placement of posterior hardware.

Figure 5 Intraoperative lateral X-ray after instrumentation.
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Results

Patients included 3/5 females and 2/5 males with mean age 
57 years (range, 29–67 years). Presenting symptoms for all 
patients included intractable low back pain and L5 radicular 
symptoms.

Preoperative posterior disk height at L5–S1 for 
al l  patients was 0 mm. Mean preoperative L5–S1 
spondylolisthesis at each level was 22.0 mm (range, 16.8–
25.2 mm). Mean preoperative L4–S1 lordosis was 31.2° 
(range, 23.5°–41.9°), and mean preoperative L1–S1 lordosis 
was 59.1° (range, 52.9°–72.3°). Mean preoperative LL to PI 
mismatch was 16.4°.

Estimated blood loss was 80 cc (range, 50–100 cc). There 
were no intraoperative adverse events. Mean length of stay 
was 2.2 days (range, 1–3 days). There were no mortalities 
and no postoperative complications or reoperations to date 
of this manuscript. Six weeks following surgery all patients 
reported resolution of their preoperative L5 radicular 
symptoms. 

Mean follow up was 468.4 days (range, 125–665 days). 
At last follow up, patient satisfaction, according to Modified 
Macnab Criteria, was excellent in 4/5 patients and good 
in 1/5 patient. Clinical and radiographic data listed in 
Tables 1 and 2. In the 4/5 patients with greater than 1-year 
radiographic follow-up, fusion rate was 100% on CT 
imaging. The last patient was unable to follow up after 
4-month imaging. Mean increase in posterior disk height 
was 12.5 mm (range, 11.4–13.5 mm). Mean reduction in 
spondylolisthesis was 58.7% (range, 20.2–100%). Mean 
segmental (L4–S1) and overall (L1–S1) lumbar lordosis 
increased by 23.6% (range, 6.5–41.7%) and 16.6%  
(2.5–31.5%), respectively. Following surgery LL-PI 
mismatch decreased from a mean of 16.4° to 10.2°.

Discussion

High-grade lumbosacral spondylolisthesis results in 
debilitating pain and neurological symptoms. Durable 
treatment often requires surgery. Optimal surgical 
treatment remains controversial despite numerous 
described approaches. When an anterior approach is viable, 
we prefer a circumferential fusion technique for this patient 
population. 

Numerous studies show the ALIF technique can 
Figure 6 Lumbar CT scan at 18-month final follow up showing 
cortical bridging across disk space.

Table 1 Patient demographic data

Patient Age Sex Date of surgery Last follow-up
Follow up 

days
Operative indication

Length of 
stay (days)

Estimated blood 
loss (mL)

Radiculopathy at  
6 weeks

1 58 M 5/24/2018 4/5/2019 665 Back pain, L5 
radiculopathy

1 50 None

2 29 F 7/16/2018 8/7/2019 582 Back pain, L5 
radiculopathy

3 150 None

3 67 M 8/29/2018 6/28/2019 568 Back pain, L5 
radiculopathy

1 50 None

4 61 F 2/11/2019 8/21/2019 402 Back pain, L5 
radiculopathy

3 100 None

5 52 F 11/15/2019 12/27/2019 125 Back pain, L5 
radiculopathy

3 50 None
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effectively restore sagittal plane spinal parameters including 
segmental lumbar lordosis (SL), overall lumbar lordosis 
(LL), sagittal vertical axis (SVA), and PI-LL mismatch  
(11-13). When compared to posterior-only approaches, 
several reports find the ALIF procedure to have superior 
correction of sagittal plane parameters (12,14-17). 
Each of our patients had improvements in their sagittal 
measurements. In some cases, the improvement in lordosis 
was less than expected, likely because the posterior margin 
of the L5–S1 interbody graft, in most cases, was deliberately 
positioned near the posterior margin of the L5 vertebral 
body in order to maximize posterior disk and foraminal 
height. Furthermore, less lordotic implants were used to 
allow greater foraminal height restoration and indirect 
neural decompression.

ALIF provides excellent disk height restoration and 
indirect foraminal decompression (18-20). Due to large 
graft size and apophyseal ring coverage, ALIF procedures 
also have low rates of subsidence and resultant loss of the 
intraoperatively restored disk height (21).

During ALIF surgery, there is typically significant 
reduction of the spondylolisthesis when slippage is present 
(18,19). In a series of patients with grade 2 spondylolisthesis, 
Xu et al. found that ALIF often allowed for complete 
correction of spondylolisthesis (13). 

Although disk height restoration and spondylolisthesis 
reduction are desirable, this is not always necessary for good 
patient outcome. Remes et al. described 67 patients that had 
undergone lumbar fusion for high-grade spondylolisthesis (9).  
With delayed follow up (mean 17.3 years), 28% of patients 
had foraminal stenosis with nerve root compression. 
No patients had radiculopathy symptoms. In addition, 
Oikonomidis et al. did not find that reduction of low grade 
spondylolisthesis was necessary for good patient outcome (22).  
In many cases, fixation and elimination of dynamic nerve 
compression can alleviate radiculopathy symptoms.

In this series, we found that posterior disk height 
at L5–S1 increased by an average of 12.5 mm, and 
spondylolisthesis was reduced by 58.7%. Our ALIF 
technique allows for stabilization of the lumbosacral 
segment with simultaneous, indirect decompression of the 
L5 nerve roots. We find that removal of the L4–5 disk prior 
to the L5–S1 ALIF facilitates graft insertion and height 
restoration at the L5–S1 level. We also surmise that gentle 
surgical technique and proper graft sizing is necessary to 
avoid excessive manipulation or stretching of the nerve 
roots.

No patients in this series experienced postoperative T
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radicular symptoms. Some studies describing posterior 
only approaches for surgical treatment of high-grade 
spondylolisthesis report high rates of postoperative 
neurological deficits. In a study by Moreau et al., 50 
adolescent and young adult patients treated for high-grade 
spondylolisthesis with posterior only approach, and 34% 
had temporary postoperative radicular deficit (7). In another 
study, 5/12 pediatric patients treated with posterior-only 
approaches for high-grade spondylolisthesis had temporary 
L5 or S1 radicular deficits following surgery (5). ALIF 
allows for simultaneous enlargement of the neural foramina 
in the horizontal plane—by way of reduction—and the 
vertical plane, via disc height elevation. We have found this 
to be an effective strategy to mitigate postoperative radicular 
deficits in the high-grade spondylolisthesis population.   

The anterior approach for lumbar fusion allows for 
a large annulotomy and direct visualization of the disk 
space. Consequently, the surgeon can perform a thorough 
discectomy, prepare the endplates meticulously, and insert 
a large implant containing graft material. In general, ALIF 
has been associated with very high fusion rates (19-21).  
Some authors find ALIF to have superior fusion rates 
compared to posterior-only lumbar fusion approaches. 
Molinari et al. (23) describe surgical fusion for 31 pediatric 
patients with Meyerding Grade 3 or 4 isthmic dysplastic 
spondylolisthesis. The 18 patients treated only with posterior 
instrumentation (no anterior column support) had a 39% 
pseudoarthrosis rate. The 19 patients that had a circumferential 
fusion including anterior support with autogenous tricortical 
iliac crest graft had a 100% fusion rate. Circumferential 
lumbosacral fusion with ALIF allows for a robust osseous 
fusion which is necessary for best surgical outcome.

When ALIF is performed with good surgical technique, 
the surgeon can expect high fusion rates, even in cases of 
high-grade spondylolisthesis. This obviates the need for 
posterior exposure and arthrodesis. Posterior instrumentation 
can be placed percutaneously which results in less muscle 
trauma and subsequent degeneration. This is advantageous 
because open posterior lumbar surgery is associated with 
decreased spinal mobility and trunk strength (9).

ALIF is shown to be associated with significant 
improvements in patient-reported outcome measures (PROM) 
in spondylolisthesis patients (11-13). In one study involving 
low-grade spondylolisthesis patients, Chandra et al. (24) 
noted the ALIF patients had faster back pain relief than 
patients who had a posterolateral fusion only. In another 
study involving pediatric and adolescent patients with high-
grade spondylolisthesis, Helenius et al. compared 26 patients 

treated with a circumferential fusion to 44 patients treated 
with anterior only or posterolateral only fusion techniques (6).  
Long-term follow up (mean 17.2 years) revealed that the 
circumferential fusion group had significantly better SRS 
total scores, better values for pain and function from back 
condition domains, and Oswestry Disability Index (ODI) 
scores compared to the anterior or posterior only fusion 
groups. The patients in the present series had average 
follow up of 468 days. All patients reported immediate and 
complete resolution of L5 radicular symptoms. All patients 
reported minimal or no back pain at final follow up. 

In  properly  se lected pat ients  with high-grade 
lumbosacral spondylolisthesis, circumferential fusion with 
ALIF is a powerful technique that can decompress the 
neural elements, improve sagittal plane measurements, lead 
to a solid arthrodesis, and yield excellent patient outcomes. 

This study has several  l imitations.  High grade 
spondylolisthesis at L5–S1 is less commonly encountered in 
adults. Therefore, we have a limited sample size. We did not 
encounter any surgical complications in this limited group, 
and we are not able to comment on surgical risks. Surgical 
complications are expected in a larger patient sample. Typical 
complications associated with the anterior lumbar approach 
are approach related, including vascular, viscous, urological 
as well as neurological injury in the form of ventral CSF leak, 
sympathetic chain dysfunction as well as neurapraxia.

Conclusions

ALIF with posterior percutaneous instrumentation is a 
safe and effective treatment for high-grade lumbosacral 
spondylolisthesis in properly selected adults. Technical 
nuances described in this manuscript facilitate the 
procedure. This technique improves lumbar sagittal 
parameters and substantially reduces spondylolisthesis. 
The indirect neural decompression from simultaneous disk 
height restoration and spondylolisthesis reduction may be 
associated with lower neurological injury rate compared 
to posterior-only spinal fusion surgery. Future prospective 
study is needed to validate this hypothesis.
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