L))

Check for
updat

Original Study

The clinical and radiological outcomes of multilevel posterior
lumbar interbody fusion in the treatment of degenerative scoliosis:
a consecutive case series with minimum 2 years follow up

Silviu Sabou', Roberto Carrasco™’, Rajat Verma', Irfan Siddique', Saeed Mohammad'

'Department of Complex Spinal Surgery, Salford Royal Hospital NHS Foundation Trust, Stott Lane, Lancashire, UK; *Division of Population
Health, Health Services Research & Primary Care, Manchester, UK; *Biology, Medicine and Health (BMH), The University of Manchester,
Manchester, UK

Contributions: (I) Conception and design: S Sabou; (I) Administrative support: S Sabou; (III) Provision of study materials or patients: All authors;
(IV) Collection and assembly of data: S Sabou; (V) Data analysis and interpretation: S Sabou, R Carrasco; (VI) Manuscript writing: All authors;
(VII) Final approval of manuscript: All authors.

Correspondence to: Silviu Sabou. Department of Spinal Surgery, Salford Royal Hospital NHS Foundation Trust, Stott Lane, Lancashire, M6 8HD,

UK. Email: silviusabou@yahoo.com.

Background: Surgical treatment for adult degenerative scoliosis (ADS) is a complex undertaking and is
associated with a high complication rate. Our aim was to evaluate the clinical and radiological outcomes,
mortality and morbidity of multilevel posterior lumbar interbody fusion (MPLIF) in the treatment in ADS
based on the experience of a single tertiary referral center for spinal surgery.

Methods: We performed a retrospective analysis of prospectively collected data of consecutive patients who
had undergone multi-level posterior interbody fusion for degenerative scoliosis. We prospectively recorded
patients' demographics, co-morbidities; coronal and sagittal plane deformity assessment and surgical details:
number of instrumented levels, and intra-operative and postoperative complications. Functional outcomes
and patient-reported complications were entered in our local spine surgery database (part of the Eurospine
Spine Tango Registry) and used to collect data on functional scores and patient-reported complications
preoperatively and at 6, 12 and 24 months’ follow-up.

Results: Our study involved 13 males and 51 females with a mean age of 70.26 (range 49-90, SD 8.9).
MPLIF was performed at five levels in one patient, four levels in 29 patients, three levels in 20 patients, and
two levels in 14 patients. There were a total of 14 (21.87%) major, minor and mechanical complications.
There were no procedure-related mortalities. The average COMI and Eq5d scores improved significantly
post-surgery, and this improvement was maintained at a mean follow-up of up to two years.

Conclusions: Multilevel posterior interbody fusion is a safe procedure, and in selected cases can result in

good clinical and radiological outcomes with improvement in patient quality of life.
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Introduction chronic conditions in the general population (5-7). It is well

L. .. . recognized that the restoration of a harmonious coronal and
Adult scoliosis is a common condition affecting the older &

population (1,2), a section of our society which is continuing sagittal spinopelvic alignment (8,9) is the main goal of the
to grow rapidly (3,4). The global burden of adult spinal surgical treatment in adult spinal deformity.

deformity (ASD) is large compared with other self-reported The availability of progressively more sophisticated
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surgical techniques and improved medical support strategies
have made attempts at comprehensive reconstruction
of complex structural deformities with neurologic
manifestations more feasible (10). The surgical treatment of
adult deformities is complicated by the host of medical co-
morbidities that are frequently encountered in this patient
group. A recent prospective study showed a mortality rate
of 0.6% within six weeks and reported 469 complications
(207 minor; 262 major) in a patient population of 346. The
mean number of complications per patient was 1.61 and
69.8% of patients experiencing at least one complication
at some point during the perioperative time or a minimum
two-year follow-up (11).

In our institution, we routinely employ multilevel posterior
interbody fusion (MPLIF) for the treatment of severe or
moderate but flexible curves. Patients whose deformity
demonstrates >30% correction on bending radiographs do not
require osteotomies, because they are considered flexible (8).
Cloward (12) introduced the technique of posterior interbody
fusion in 1953. This method has the advantage of achieving
direct and indirect decompression of neural elements,
restoration of disc height and spinal alignment (8) and
360-degree arthrodesis, all from a single, posterior approach.
This classic surgical procedure has been further refined
and has correction capabilities similar to that of a pedicle
subtraction osteotomy (PSO) or anterior column realignment
(ACR) (13-15).

In this study, we analyzed the mortality and morbidity of
MPLIF for the treatment of degenerative scoliosis. There
is limited information available in the literature on the
mortality and morbidity rate following MPLIF for adult
degenerative scoliosis (ADS). The secondary aim of the
study was to analyze the clinical and radiological outcomes
of MPLIF for adult deformities, and patients’ satisfaction
with surgery.

Methods

This is a retrospective review of prospectively collected
demographic, radiographic, surgical and clinical outcomes
from a specialized center for deformity surgery. All patients
with the diagnosis of degenerative scoliosis that had surgery
consisting of multilevel posterior interbody fusion (MPLIF)
between 2009-2015 were included in the study. We defined
as degenerative scoliosis any spinal deformity in a skeletally
mature patient with a Cobb angle of more than 20° in the
coronal plane (2,5), 11 degrees mismatch between lumbar
lordosis (LL) and pelvic incidence (PI) (9), and a pelvic tilt
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larger than 25 degrees (5,7). This definition is in line with
the work published by Schwab (2), European Spine Study
Group (ESSG) (5) and International Spine Study Group
(ISSG) (7). All patients with pre-existent multilevel fusion
(> two instrumented levels), known diagnosis of ankylosing
spondylitis or any other inflammatory conditions,
posttraumatic or post infectious deformities were excluded
from this study. Research approval was not required, as
this study was conducted for ‘service evaluation’ as per our
Hospital’s guidelines.

Surgical data

The surgical details recorded were the number of interbody
fusions performed, the number of instrumented levels,
and whether fusion to the pelvis was performed at the
index procedure. The cell saver device and the multimodal
intraoperative monitoring (Natus Neuro Xltek Protektor
32 IOM) (somatosensory-evoked potentials: SSEP/
transcranial motor-evoked potentials: TCe-MEP/Free
running electromyography Fr-EMG) were used for every
patient. Data on intra-operative or postoperative blood
transfusion was also recorded. We further noted the length
of the hospital stay and the number of days spent in the
neurosurgical high dependency unit (NHDU).

Clinical outcomes

Data on clinical outcomes were collected pre-operatively, at
6, 12 and 24 months after surgery. Patients were requested to
complete the Core Outcome Measures Index (COMI) (16)
and EuroQol-5D (17) questionnaire. The COMI is a
self-administered multidimensional instrument that
consists of seven items to assess the extent of the patient’s
back pain and leg pain, difficulties with functioning
in everyday life, symptom-specific well-being, general
quality of life, and social and work disability (16). The
EuroQol-5D measures 5 dimensions: mobility, self-care,
usual activities, pain/discomfort, and anxiety/depression.
Each has 3 levels: no problems, some problems, extreme
problems (17).

The postoperative follow-up form included two
questions pertaining to patients’ satisfaction: “how much
did the operation help your back problem?” and “how
satisfied were you with your overall medical care?” (17).
This process was carried out completely independent of
the surgical team by clerks who collect outcome data for all
spinal surgeries undertaken at our center.

7 Spine Surg 2019;5(4):520-528 | http://dx.doi.org/10.21037/jss.2019.12.02



522

Sabou et al. The outcomes of MPLIF in the treatment of degenerative scoliosis

Table 1 Baseline demographic, radiographic, ASA data (mean; min; max; SD) according to the number of interbody fusions performed

Variable 5 level MPLIF 4 level MPLIF 3 level MPLIF 2 level MPLIF
Number 1 29 20 14
Age (years), mean (min; max), SD 77 70.27 (51; 82), 7.3 71.4 (50; 90), 9.4 68.2 (49; 82), 11.1
ASA

1 0 0 3 1

2 1 22 8 9

3 0 7 9 4
No. instrumentation levels, mean 8 6.75 (5; 15), 5.94 (3; 15), 2.63 5.57 (3; 13), 3.22
(min; max), SD 2.38
Cobb °, mean (min; max), SD 44 36.54 (12.4; 79), 14.33 18.12 (10.6; 28), 6.59 23.53 (16.2; 38), 9.68
PI-LL mismatch, mean (min; max), SD 30 32.08 (-9; 68), 18.15 21.43 (-4.2;51.3),14.66  16.5 (-0.6.6; 43.9), 15.09
SVA, mean (min; max), SD 168 79.48 (0; 200), 52.79 49.81 (-28; 175), 49.38 30.43 (-41; 176), 57.19

MPLIF, multilevel interbody fusion; PI, pelvic incidence; LL, lumbar lordosis; SVA, sagittal vertical axis.

Complication recording and analysis

All complications were recorded prospectively, and patient
reported complications retrospectively recorded. These
were reviewed in regular morbidity and mortality meetings.
Reoperations reported by the patients and recorded in
Spine Tango were cross-checked against our in-house
outcomes database, and further enquired about if there
were discrepancies. Complications were classified as major
or minor according to Glassman’s criteria (18).

Radiograpbical data

All patients were assessed radiologically with standardized
whole spine standing X-rays. The radiological parameters
assessed were LL (angle between superior endplate of L-1
and superior endplate of S-1); sagittal vertical axis (SVA) (the
linear offset of C7 in regard to the posterosuperior corner of
S1); thoracic kyphosis (TK) (the angle between the superior
endplate of the highest measurable thoracic vertebra (usually
T2 or T4) and the lower endplate of T12) and PI (angle
between the perpendicular to the sacral plate at its midpoint
and the line connecting this point to the femoral head axis).
Coronal plane deformity was assessed by measuring the
Cobb angle of the major curve. Two independent observers
performed the measurements on preoperative, immediate
postoperative and 2-year follow up X-rays.
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Statistical analysis

Inter-observer reliability was assessed for both pre- and
post-operative measurements by calculation of the intra-
class correlation coefficient (ICC). Subject to high levels of
reliability being observed, the means of the measurements
recorded by each surgeon were used in subsequent
calculations. Distribution of variables was presented as a
mean and standard deviation (+/-). All data were analyzed
statistically using ANOVA, a paired or unpaired t-test
as appropriate. The level of significance for all tests was
defined as P<0.05 (JMP version 13, SAS Institute).

Results
Demographic and surgical data (Table 1)

Our study involved 13 males and 51 females with a mean
age of 70.26 (range, 49-90, SD 8.9). The mean radiological
and re-operation follow-up was 5 years and 4 months (min
3 years, max 9 years). Preoperative ASA grade was one in
three patients, two in 40 patients, three in 21 patients. The
average BMI was 27.13 (range 19.7-36.2, SD 4.52). Thirty-
seven patients (57.81%) had no co-morbidities, 21 (32.81%)
had one co-morbidity and 6 (9.3%) had two or more co-
morbidities. Fourteen (21.87%) of the patients had previous
lumbar spine surgery, either discectomy or decompression,
while five of the patients had previous 1 level fusion. The
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Figure 1 Case 1 Pre-op PT 31.5° LL 19 PI 57.7° SVA 108 mm.
Post-op PT 29° LL 50.4° SVA 36 mm. LL, lumbar lordosis; PI,

pelvic incidence; SVA, sagittal vertical axis.

Figure 2 Case 2 Pre-op: LL 12° PT 39.5°; SVA 108 mm.; PI 61°
Post-op: LL 54° PT 24.7° SVA 35 mm. LL, lumbar lordosis; PI,

pelvic incidence; SVA, sagittal vertical axis.
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mean length of hospital stay was 13 days (min 4, max 31,
SD 7.98) while the mean length of postoperative stay in the
neurosurgical high dependency unit (NHDU) (level 2 care)
was 1.95 days (min 1, max 10, SD 1.83).

The average number of instrumented levels was 6.31
(min 3, max 15, SD 2.649). Fifty-nine patients (92.18%)
had the lowest instrumented vertebra (LIV) as L5, whereas
5 patients (7.81%) required fusion to pelvis during the
index procedure. The fusion to pelvis was performed by
utilizing pelvic bolts and side connectors. MPLIF was
performed at five levels in 1 patient (1.56%), four levels in
29 patients (45.31%), three levels in 20 patients (31.25%),
and two levels in 14 patients (21.85%). Thirteen (20.31%)
patients required delayed extension to pelvis. At all levels
a bilateral approach was performed, with pedicle screw
placement (Stryker XIA) and 8 degrees PEEK lordotic
cages were inserted (Stryker OIC) (Figures 1 and 2). The
bilateral approach allows adequate release of the facet
joints and insertion of asymmetrical cages which facilitates
the correction in the coronal plane. We prefer to position
the lordotic cages in the posterior third of the disc. This
reduces the risk of iatrogenic foraminal narrowing and
helps with the increase of the LL, particularly with a 360
release.

No patients were lost to surgical and radiological follow-
up. Of the 64 patients we had pre-operative and post-
operative clinical outcomes available for 53 patients (83%).

Radiological findings (1able 2)

The mean preoperative Cobb angle was 30.52° (min 20.8°,
max 79°, SD 6.58°), whereas the mean postoperative
Cobb angle was 8.95° range (min 0°, max 26°, SD 7.08°).
Preoperative LL was 28.05° (min -21°, max 57.7°, SD
18.21°) preoperatively, while postoperatively it was 41.4°
(min 11.5°, max 63.2°, SD 10.86°). The PI-LL mismatch
decreased from 25.35° (min 11, max 68°, SD 17.32°) to
9.81° (min -18°, max 38°, SD 13.58°) at 2 years follow-up.
The average preoperative SVA was 60.86 mm (min -41 mm,
max 200 mm, SD 56.88°) with 14 (21%) patients presenting
an SVA >100 mm, and 16 (25%) patients demonstrating an
SVA >50 mm. Mean postoperative SVA was 45.86 (min -60,
max 158, SD 41.48). At 2 year follow up the mean SVA was
49.60 (min -42, max 142, SD 38.21).
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Table 2 Radiological parameters

Sabou et al. The outcomes of MPLIF in the treatment of degenerative scoliosis

Variable Pre-operative mean (range), SD Postoperative mean (range), SD 2 years follow up X-ray P value
Cobb (°) 30.34 (1.1;79), 13.88 8.95 (0; 26), 7.08 7.98 (0; 28.2), 7.08 <0.001
LL () 28.05 (-21; 67.7), 18.21 41.4 (11.5; 63.2), 10.86 43.8 (20; 70), 10.46 <0.001
PI(°) 53.41 (28; 76), 10.61 54.08 (28; 75.5), 11.82 53.59 (27; 76), 11.01 0.2860
PI-LL (°) 25.35 (-9; 68), 17.322 11.4 (-12.9; 37.7), 12.0 9.81 (-18; 38), 13.58 <0.001
SVA (mm) 60.8 (-41; 200), 56.8 45.86 (-60; 158), 41.48 49.60 (-42; 142), 38.21 0.1239
PT (9) 28.07 (7.2; 54), 9.47 23.19 (7; 43), 8.79 21.65 (3; 40), 8.28 0.2552
SS (9) 25.34 (2; 52), 10.19 29.577 (9.1;54.2), 8.08 31.94 (11; 50), 8.12 0.0172
TK (°) 35 (5; 73), 14.04 41.81 (16;70), 10.49 41.86 (17.4; 64.5), 10.95 0.0047

LL, lumbar lordosis; PI, pelvic incidence; PI-LL, pelvic incidence/lumbar lordosis mismatch; SVA, sagittal vertical axis; PT, pelvic tilt; SS,

sacral slope; TK, thoracic kyphosis.

Table 3 Clinical outcomes Comi—Core Outcome Measures Index: Eq5d-EuroQol-5D

Variable Comi, mean (SD) Eg5d, mean (SD) Axial pain, mean (SD) Radicular pain, mean (SD)
Pre-op 8.2(1.7) 0.3(0.3) 7.5(2.25) 6.5 (3.4)
Post-op 4.6 (2.7) 0.5(0.3) 3.7 (2.8) 3.75(3.2)
P value <0.0001 0.003 <0.0001 <0.0001
Clinical outcomes Eqg5d
8 =
Chart Are
7 05
6
0.4
5 /
0.3
40 —
3 0.2
2 0.1
1 0
0
Pre-op 6 months 12 months 24 months Pre-op 6 months 12 months 24 months

—@— COomi —@— Axial pain —e— Radicular pain

Figure 3 Clinical outcomes.

Clinical outcomes (lable 3 and Figure 3)

The preoperative Eq5D average was 0.3 (SD 0.3). The
postoperative Eq5D was 0.5 (SD 0.3) at a mean follow-up
of 2 years. The preoperative COMI score was 8.2 (SD 1.7).
The final COMI score at a mean of 2 years follow-up was 4.6
(SD 2.7) There were statistically significant improvements
in COMI (P<0.0001) and Eq5D scores postoperatively
(P=0.003). Sixty-seven percent of patients achieved the
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minimum clinically important difference in COMI score of
2.2 points post-operatively (19).

Complications (1able 4)

A total of five patients developed proximal junctional
kyphosis that required surgical intervention at various
intervals following the initial surgery. One patient presented
prolonged wound discharge post procedure which
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Table 4 Complications
Frequency Complications Time frame Complication
0 Major complications Intraoperative NA
2 Postoperative —before discharge Ineffective fixation
5/2 Noted at follow-up Junctional failure/instrumentation failure
2/1 Minor complications Intraoperative Pedicle infraction/excessive blood loss (>2,000 mL)
1 Postoperative —before discharge Infection
1 Noted at follow-up Minor neurologic deficit
14 Total

Table 5 Satisfaction with overall care provided and with surgery

Variable n [%]

Satisfaction (overall)

Very satisfied 41 [77]
Somewhat satisfied 8 [15]
Neither satisfied nor dissatisfied 2 [4]
Somewhat dissatisfied 11[2]
Very dissatisfied 11[2]
Assessment result (surgery)
Helped a lot 33 [62]
Helped 14 [26]
Helped only little 4 [8]
Didn’t help 1[2]
Made things worse 1[2]

responded well to repeated wound washouts, antibiotic
therapy and negative pressure wound therapy. There were
no vascular injuries. One patient developed a delayed L5/
S1 disc prolapse with symptoms of S1 radiculopathy and
required decompression and revision fusion to the pelvis.
There were no mortalities related to the surgery.

Patient’ satisfaction (Table 5)

Forty-one (77%) patients were extremely satisfied with
overall care provided, eight (15%) patients were somewhat
satisfied whereas two (4%) patients were dissatisfied.
Thirty-three (62%) patients felt that the surgery helped
a lot, 14 (26%) patients felt that the surgery helped, four
(8%) patients felt that surgery helped just a little whereas
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only one (2%) patient reported no improvement after the
surgery. None of the patients included in this study reported
a deterioration in their overall function post-surgery.

Discussion

In this paper we present our experience with the use of
multilevel posterior interbody fusion in the treatment
of degenerative scoliosis. Surgical treatment for adult
degenerative deformities aims to restore the sagittal balance,
decompress the neural elements to minimize complication
and pain, and improve quality of life (20). Despite
significant technical advances, there is an ongoing debate
about the safety of surgical treatment for degenerative
scoliosis in elderly patients, and the most appropriate
surgical approach.

Proponents of newer techniques such as minimally
invasive surgery, lateral-, oblique- or anterior-based
techniques argue that classic open techniques, particularly
in elderly patients, have a significant risk of complications
(21-23). Certainly, three-column osteotomies have been
associated with significant blood loss and neurologic
complication (24-26). Elderly patients are particularly at risk,
given their comorbidities and poor healing potential (27).
Recently, Bae published a study on the clinical and
radiological results of anterior interbody fusion plus
posterior spinal fixation (ALIF + PSF), lateral interbody
fusion (LLIF) + PSF and PSF-only in the treatment of
adult deformities. On average their patients were 5 years
younger than the patients included in this paper. The study
showed that the infection rate of all patients was 18.6%.
Furthermore, 12.7% of all patients required revision due
to PJK and 25.3% required revision due to non-PJK,
with a total revision rate of 38% at a mean follow-up of
34 months. In this study the average increase in LL was only
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11.2° for LLIF and 8.4° for ALIF. Despite a staged anterior-
posterior surgical interventions and high complication rate,
all HRQoL scores were significantly improved at a mean
of 34 months follow-up (28). As an alternative, a posterior
disc-based procedure in the form of multilevel posterior
interbody fusion can result is satisfactory correction of the
sagittal and coronal plane deformity (13,15,29,30) in cases
where a posterior fusion mass is not present. Furthermore,
a posterior approach allows simultaneous access to anterior
and posterior columns of the spine. In cases of degenerative
changes to the disc and facet joints, combined with spinal
stenosis, the spine becomes rigid and difficult to mobilize. A
posterior interbody fusion can provide a 360-degree release
that includes the disc, the facet joint, and the osteophytes
all from a posterior approach (13,30). Furthermore, by
releasing the anterior longitudinal ligament and the
annulus, significantly more correction per level can be
achieved, and the amount of correction can be titrated, so
that a physiological lordosis can be achieved (13-15). This
is in contrast with anterior- or lateral-based procedures,
where a separate approach for posterior release and
instrumentation is required. It is our practice to instrument
only to the lumbar or the lower thoracic spine. The number
of interbody fusions performed is based on the amount of
lordosis required, as determined during the pre-operative
planning. Our results suggest that even in elderly patients
with multiple comorbidities and severe deformities, open
techniques do not necessarily result in increased mortality
or morbidity.

Primary fusion to the pelvis using either S1 screws
or sacroiliac fixation risks intraoperative complications
because of increased blood loss and length of operation
and generates a particular set of postoperative problems.
Iliac screws will not guarantee a fusion across L5/S1 even
when supplemented with anterior support and a substantial
percentage of iliac screws will loosen, break, or show some
disconnect between the SI and iliac screws at ultimate
follow-up (31-33). Also, it has been shown that delayed
fusion to the pelvis does result in similar clinical outcomes
as compared with primary fusion to the pelvis (34). It is
our routine practice to use L5 as our LIV and subsequently
extend our fusion to the pelvis as a staged procedure if
required. A primary fusion to pelvis is only considered in
the presence of L5/S1 central, lateral recess or foraminal
stenosis with concomitant radicular symptoms.

Our study has several limitations. We performed a
retrospective review of prospectively collected data. Our
study includes only patients from a single center and lacks
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a comparative group. As this was real world data, we were
able to obtain complete clinical outcomes for only 83% of
our patients. However, the clinical results were collected
prospectively and independently of the surgical team. We
have demonstrated statistically significant improvement in
COM]I, Eq5D, axial pain and radicular pain postoperatively.
Our hospital stay was longer that what is currently reported
in the literature. However, our cohort of patients was in
average 5 years older than in most reported series and did
not benefit from the early rehabilitation protocols which we
recently implemented (35).

We have also demonstrated a lower complication rate
than reported in literature. In our opinion, by performing
a disc-based procedure with a 360 release and avoiding a
primary fusion to pelvis, degenerative deformity surgery
can be performed with an acceptable risk of complications.
A large percentage of our patients were extremely satisfied
with the outcome of the surgery and noticed a significant
improvement in their quality of life. The MPLIF technique
was further refined to include a segmental annular and
anterior longitudinal release, and we found increased
segmental correction capabilities in cases of adult deformity
and high-grade spondylolisthesis (14,15). Potential future
work in this area that we plan to carry out is establishing
whether the ALL release plus MPLIF can restore the
physiological lordosis, and thus reduce the risk of PJK or
eliminate the need for a lumbopelvic fusion.

Conclusions

Multilevel interbody fusion is a safe procedure, and in
selected cases can result in good clinical and radiological
outcomes and improvement in patient quality of life.
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