Case Report

Spatial Computing for preoperative planning and
postoperative evaluation of single-position lateral
approaches in spinal revision surgery

ABSTRACT

Spatial computing (SC) in a surgical context offers reconstructed interactive four-dimensional models of radiological imaging. Preoperative and
postoperative assessment with SC can offer more insight into personalized surgical approaches. Spine surgery has benefitted from the use of
perioperative SC assessment. Herein, we describe the use of SC to perform a perioperative assessment of a revision spinal deformity surgery.
A 79-year-old wheelchair-bound male presented to the neurosurgery clinic with a history of chronic lumbar pain associated with bilateral lower
extremity weakness. His surgical history is significant for an L2-L5 lumbar decompression with posterior fixation 1 year prior. On examination,
there were signs of thoracic myelopathy. Imaging revealed his previous instrumentation, pseudoarthrosis, and cord compression. We perform a
two-staged operation to address the thoracic spinal cord compression and myelopathy, pseudoarthrosis, and malalignment with a lack of global
spinal harmony. His imaging is driven by a spatial computing and SC environment and offers support for the diagnosis of his L2-3 and L4-5
pseudoarthrosis on the reconstructed SC-based computed tomography scan. SC enabled the assessment of the configuration of the psoas
muscle and course of critical neurovascular structures in addition to graft sizing, trajectory and approach, evaluation of the configuration and
durability of the anterior longitudinal ligament, and the overlying abdominal viscera. SC increases the familiarity of the patient’s specific anatomy
and enhances perioperative assessment. As such, SC can be used to preoperatively plan for spinal revision surgery.
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INTRODUCTION

Spatial Computing (SC) offers stereopsis to reconstructed,
interactive, four-dimensional models of radiological
imaging. In comparison to the use of computer monitors,
SC allows surgeons to familiarize themselves with the
patient’s own anatomic variations and devise an operative
trajectory by picking up a controller before a scalpel.!
With preoperative SC assessment of a patient’s anatomy,
it is possible to reduce operative time and improve
surgical technique in both open and minimally invasive
spine approaches.” Herein, we present a case whereby SC
offers preoperative planning and postoperative evaluation
in a two-staged, single-position, lateral approach, spinal
revision surgery.
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CASE REPORT

A 79-year-old wheelchair-bound male presented to the
neurosurgery clinic with a 1-year history of chronic lumbar
pain associated with bilateral lower extremity weakness in
his proximal musculature. His surgical history is significant
for an L2-L5 lumbar decompression with posterior fixation
1 year prior due to lumbar stenosis causing neurogenic
claudication. Upon physical examination, the patient shows
signs of proximal muscle weakness of the bilateral lower
extremities and hyperreflexia within his patellar reflexes, with
spastic weakness of the bilateral lower extremities.

A thoracolumbar magnetic resonance imaging scan revealed
thoracic central canal stenosis with concordant spinal
cord compression and T2 signal hyperintensity at T10-11
and T11-12. His computed tomography (CT) scan of the
lumbar spine suggested pseudoarthrosis at L2-3 and L4-5.
His global spinal sagittal balance was affected by possible
junctional kyphosis with concomitant concern for hardware
failure secondary to osteolysis and pseudoathrosis. Due to
the features suggestive of myelopathy and pseudoarthrosis
with back pain, surgical management was explored.
His imaging was exported into a spatial computing
environment (Medicalholodeck AG)P! and demonstrated a
lack of bony bridging across L2-3 and L4-5, suggestive of
pseudoarthrosis on the reconstructed CT scan.

SC offered preoperative assessment of thoracic myelopathy,
the utility for surgical approach to a multi-level lateral
interbody fixation procedure, the configuration of the psoas
muscle and the lumbosacral plexus, trajectory planning,
graft size/position, and configuration and evaluation of vital
structures. The patient consented to the procedure. The
patient underwent an initial decompression of T10 to T12
to relieve the spinal cord compression with the placement
of screws from T9 to the pelvis with revision of the previous
screw sites at L2-L5. After which, a lateral lumbar interbody
fixation (LLIF) was performed from L2-3, L3-4, and L4-5 with
a lateral anterior lumbar interbody fixation (ALIF) at L5-S1
with the assistance of a vascular surgeon for exposure.
Finally, the patient underwent fixation dorsally with cobalt-
chromium rods. After this instrumentation was placed, its
position was confirmed with fluoroscopy. The patient had
an uneventful postoperative course. Figure 1 is an artistic
rendering depicting the feasibility to explore SC to create
a perioperative plan. At 2 months postoperative follow-up,
the patient no longer reports back pain and continues to
regain strength in his lower extremities. Figure 2 compares
the patient’s preoperative and postoperative standing
films. The following video link (https:/www.youtube.com/

Figure 1: An illustrative rendering depicting a surgeon exploring virtual
reality to create a perioperative plan. Of note, is the feasibility to access a
perioperative planning environment in an office space. The instrumentation
extends from T9-Pelvis

watch?v=_QCLOyuaGWUandab_channel = GalalElsayed)
reviews this information, presents a SC experience, and
details the changes recorded in the spinopelvic parameters.
The patient consented to the publication of these images.

DISCUSSION

Herein, we present a case whereby SC offers preoperative
assessment of thoracic myelopathy secondary to thoracic
cord compression to evaluate arthrodesis in the setting
of suspected pseudoarthrosis, and the utility for surgical
approach to a multi-level lateral interbody fixation procedure,
three-dimensional spinopelvic parameters, and the evaluation
of the available operative corridor and trajectory to the L5-S1
disk space using a lateral anterior lumbar interbody fixation
device. SC allows for assessing the configuration of the
psoas muscle and the lumbosacral plexus in the decubitus
position. In addition, preoperatively, SC supports trajectory
planning and approach, graft sizing/position, evaluation of
the configuration and durability of the anterior longitudinal
ligament, evaluation of the segmental arteries, and the
overlying abdominal viscera. This technology will maximize
surgical accuracy, thereby limiting the occurrence of potential
complications such as violation of the neurovascular structures.
Postoperatively, SC offers the assessment of the interbody
placement, the placement of the internal fixation devices, and
the postoperative three-dimensional spinopelvic parameters.

By using a SC platform, one can visualize the patient’s
thoracic cord compression from disc degeneration,
ligamentous buckling, facet hypertrophy from degenerative
arthropathy, and dilation of the epidural venous vasculature
signifying congestion from compression. An evaluation
is also possible of his previous instrumentation, his L2-3,
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Figure 2: Standing radiographs (AP and lateral views, respectively) from the preoperative (a and b), and the 2-month postoperative (c and d) periods.
Preoperative imaging demonstrates mild dextrocurvature of the thoracolumbar spine centered at L1, mild anterior sagittal imbalance, instrumented
posterior spinal fusion of L2-L5, and moderate multilevel degenerative changes of the thoracolumbar spine. Postoperative imaging demonstrates posterior

instrumented fusion from T9 to the pelvis and anterior fusion from L2-S1

L4-5 pseudoarthroses, his supine surgical anatomy and
alignment, the operative approach for the lateral position
ALIF, his pre-and postoperative three-dimensional spinopelvic
parameters, the operative corridor and approach along the
lumbosacral plexus, and the trans-psoas corridor for the L2-3,
L3-4, and L4-5 LLIF approach from any given angle with depth
perception from binocular vision.

Identification of the major great vessels (i.e. the aorta and
inferior vena cava) and the bifurcation of the iliac artery/veins
as landmarks relative to the disc space of interest is required
when performing an ALIE Identification of the iliolumbar
vein is personalized with the use of three-dimensional
reconstruction and the depth perception offered by stereopsis
in VR technology. In an LLIF, the psoas major is a landmark
for subsequent dissection. Using SC, along with the guidance
of adjunctive electromyography, we are able to predict and
discern the extent of dissection and exposure of the psoas
major required, without disturbing the lumbosacral plexus.”

We envision future inter/intra-rater reliability studies to validate
the use of stereopsis and SC for standardizing radiological
protocols for surgical approaches to spinal pathologies.
Furthermore, we envision the future use of standardized
lumbosacral plexus imaging protocols suited for stereopsis
and SC to help accelerate the pace of surgical innovation to
decrease the incidence of peripheral neuropathies from LLIF
approaches.® Success in the development of the previously

mentioned ideas will sustain and encourage spine surgery
innovation for the years to come as spatial computing and SC
become more commonplace.”

Stereopsis and SC can offer surgeons increased familiarity
with the patient’s specific anatomy and enhance the
perioperative assessment. In this case, SC was successfully
used to plan for a two staged spinal revision surgery which
in part safely employed the use of a minimally invasive
anterolateral approach to the spine.
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