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Introduction: Neurological impairment during spinal deformity surgery is
the most serious possible complication. When confronting intraoperative
neurophysiological monitoring alerts, various surgical management methods
such as the release of implants and decompression of the spinal cord
are always performed. Transvertebral transposition of the spinal cord is
rarely performed, and its role in the management of acute paraplegia is
seldom reported.

Case description: The authors present two patients with kyphoscoliosis
who experienced neurological deficits and abnormal neurological monitoring
intraoperatively or post-operatively that were detected during correction
surgery. Acute paraplegia was confirmed by a wake-up test. Subsequent
spinal cord transposition was performed. Intraoperative neurophysiological
monitoring motor-evoked potentials (MEPs) and somatosensory-evoked
potentials (SEPs) were performed to detect the changes during the process.
After transvertebral transposition of the spinal cord, the MEPs and SEPs were
significantly improved in both patients during surgery. The spinal cord function
was restored post-operatively and recovered to normal at the final follow-up
in two patients.

Conclusion: This case demonstrated that instead of decreasing the correction
ratio of kyphoscoliosis, transvertebral transposition of the spinal cord
under intraoperative neurophysiological monitoring may be an alternative
therapeutic strategy for acute spinal cord dysfunction caused by deformity
correction surgeries.
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Introduction

Neurological impairment during spinal deformity surgery
is the most serious possible complication, usually due to
traction, extrusion, or hypoxic-ischemia of the spinal cord.
Since the application of intraoperative neurophysiological
monitoring (IOM), the changes of motor-evoked potentials
(MEPs) and somatosensory-evoked potentials (SEPs) during
surgery could indicate the spinal cord ischemic or mechanical
injury with high efficiency (1, 2). When confronting IOM
alerts, surgical management methods such as the release of
implants and decompression of the spinal cord are always
performed. Occasionally, decompression may require a wide-
range resection of bone structures, and the spinal cord
transposition may occur spontaneously (3).

The relocation of an angulated spinal cord out of its bony
canal into a new position (transposition of the spinal cord) is
a technically feasible operation. It was first used by Hyndman
(3) to treat congenital kyphosis of the cervicothoracic junction
with neurological dysfunction. This procedure can relieve spinal
cord compression and improve the preoperative neurological
dysfunction associated with spinal deformity in selected patients
(4-9). However, to our knowledge, no report has been published
in the English-language literature focusing on the effectiveness
of spinal cord transposition for the recovery of acute paraplegia
intraoperatively or post-operatively.

Herein, we present the therapeutic outcomes of two patients
who underwent transvertebral transposition of the spinal cord
after acute paraplegia during kyphoscoliosis surgery.

Surgical technique and case
description

Two patients diagnosed with congenital kyphoscoliosis
without preoperative neurological dysfunction were included.
Written informed consent was obtained from both patients for
publication of this case report and any accompanying details and
images. During the correction surgery, spinal cord function was
monitored using transcranial MEPs and SEPs. Abnormal SEPs
were defined as a >50% decrease in amplitudes and/or a >10%
increase in latencies than the baseline; abnormal MEPs were
classified as a >50% decrease in amplitude than the baseline (10,
11). One patient experienced post-operative neurological deficits
and abnormal neurological monitoring was detected during the
revision surgery. The other patient suffered abnormal IOM.
Transvertebral transposition of the spinal cord was performed
in both patients to restore SEPs and MEPs signals successfully,
and the operative steps are illustrated in Figure 1.

Abbreviations: IOM, intraoperative neurophysiological monitoring; MEPs,

motor-evoked potentials; SEP, somatosensory-evoked potentials.
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Case 1

A 16-year-old boy presented with a 13-year history
of congenital kyphoscoliosis. Brace treatment for 11 years
was ineffective, and the curve progressed in recent years.
Preoperative radiography revealed a Cobb angle of 105° and
a flexibility index of 23% in the thoracic spine (Figure 2A).
The preoperative appearance showed a rib hump, a thoracic
trunk shift, and shoulder imbalance (Figure 2B). Preoperative
computed tomography (CT) and magnetic resonance imaging
(MRI) were performed, and no spinal stenosis or myelopathy
or neurological dysfunction was found in the whole spine.
Correction surgery, including multilevel Ponte osteotomies (12)
and posterior spinal fusion of T3-L2, was arranged. During
surgery, C-arm fluoroscopy showed a correction rate of 41% in
the coronal plane and 47% in the sagittal plane.

No abnormal IOM signal was detected throughout the
surgery (Figures 2E,F). However, 6h post-operatively, the
muscle strength was markedly decreased (right lower limb: grade
0; left lower limb: grade 3). The emergency CT scan did not
reveal any misplacement of the pedicle screw, and post-operative
intraspinal hematoma was suspected. One h later, the muscle
strength was continually decreasing (right: grade 0; left: grade
0). Then, revision surgery was conducted immediately (7 h after
primary correction surgery) with the rods and two screws at the
apex removed and laminectomy performed, but no intraspinal
hematoma was found. The wake-up test still demonstrated no
voluntary movement in both lower limbs. Meanwhile (8 h after
primary correction surgery), the SEPs decreased >70%, and
the MEPs were totally lost. Simultaneously, the surgical team,
including surgeons, neurophysiologists, and anesthesiologists,
was taking steps to identify the possible causes according to a
standard checklist for IOM alert (13). Finally, all the interference
factors such as mechanical injury, pulling out of electrodes,
low body temperature, muscle relaxant usage, low mean arterial
pressure, and abnormal hemoglobin levels were excluded.

At last, we found that the spinal cord was stretched
and closely attached to the wall of the spinal canal at the
concave side with high tension, which could cause spinal cord
compression. Therefore, we decided to remove the internal wall
(including the lamina and the articular process, as well as the
pedicles, heads of the ribs, and parts of the vertebral body)
of the concave spinal canal of the three segments at the apex
of the curve. Subsequently, the MEPs of the left and right
lower limbs were recovered partially and slightly, respectively
(Figures 2G,H). The entire wall of the concave spinal canal at
the apex of the curve was then removed. When transvertebral
transposition of the spinal cord was completed, and there was
no compression or high tension of the spinal cord in the
apical region, the bilateral SEPs and MEPs were progressively
recovered (Figures 21,]), and the correction surgery continued.
Immediately after the patient woke up from the emergency
revision surgery (12h after primary correction surgery), his
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FIGURE 1

Operative procedure of spinal cord transposition. The spinal cord is compressed preoperatively (A), the wall of the spinal canal and the pedicle
on the concave side at the apex of the curve is drilled (B), the spinal cord is transposed laterally and anteriorly (C), posterior-anterior view
preoperatively (D) and post-operatively (E).

muscle strength recovered dramatically (right: grade 3; left: During surgery, C-arm fluoroscopy showed a correction rate
grade 4). of 61% in the coronal plane and 42% in the sagittal plane.

Additionally, the sensation of the lower limbs was almost After the correction of the main thoracic curve, the amplitude
normal, and the muscle strength was nearly normal before of SEPs decreased significantly, and then the MEPs were lost
discharge. Post-operative radiography of the entire spine and (Figures 3E,F). The immediate wake-up test confirmed acute
appearance revealed satisfactory correction (Figures 2C,D). At paraplegia. The surgical team then tried to identify the possible
the 3-month follow-up, he could return to normal life. No causes according to the checklist for IOM alert, and all the
obvious loss of correction and neurological dysfunction was interference factors were excluded. Meanwhile, the removal of
observed at the final follow-up (2 years). the rods and laminectomy was performed. Five min later, both

the SEPs and MEPs were lost. Finally, high tension of the spinal
cord was detected at the apex of the curve, and the spinal
Case 2 cord was closely attached to the wall of the concave spinal
canal, which caused compression. The two pedicle screws at

A 19-year-old girl presented with a lifelong history of the apex on the concave side were then removed. Additionally,
congenital kyphoscoliosis. Preoperative radiographic images of the wall of the concave spinal canal was removed and enlarged.
the entire spine exhibited a Cobb angle of 84° in the thoracic Subsequently, the bilateral SEPs still showed no change, but the
region with kyphosis of 55° (Figure 3A). The preoperative right MEPs were recovered about 15% (Figures 3G,H). About
appearance showed the shoulder imbalance and trunk shift 15 min later (30 min after the IOM alert), the right MEPs were
(Figure 3B). Preoperative CT and MRI were performed, and no normalized, and the bilateral SEPs and left MEPs were partially
spinal stenosis or myelopathy or neurological dysfunction was recovered (Figures 31,]). After transvertebral transposition of the
found in the whole spine. Correction surgery, including one- spinal cord was completed, the correction surgery was started
level pedicle subtraction osteotomy (14) and posterior spinal again. At the end of the surgery, the bilateral SEPs showed total
fusion, was scheduled. recovery, and the left MEPs were almost recovered (Figure 3K).

Transpedicular screws were placed according to the The muscle strength and sensation of the right lower
preoperative plan. Asymmetrical pedicle subtraction osteotomy limb were almost normal, and the left lower limb had
of T9 and posterior spinal fusion of T4-L1 were performed. slight hypoesthesia and weakness (muscle strength:
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FIGURE 2

Radiography, appearance, and intraoperative neurophysiological monitoring of case 1. Preoperative radiography of the entire spine (A),
preoperative appearance in the posterior and lateral views (B), post-operative radiography of the entire spine (C), post-operative appearance in
the posterior and lateral views (D). SEPs (E) and MEPs (F) after correction; MEPs of the left (G) and right (H) lower limb after laminectomy; SEPs
() and MEPs (J) after spinal cord transposition. MEPs: Motor-evoked potentials; SEP: Somatosensory-evoked potentials.
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4) Dbefore
of the entire spine and appearance revealed satisfactory
(Figures 3C,D).  The
sensation of both lower limbs had returned to normal at

grade discharge. Post-operative radiography

correction muscle strength and
the 3-month follow-up. No obvious loss of correction and
neurological dysfunction was observed at the final follow-up

(18 months).
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Discussion

Transposition of the spinal cord was formerly used
to treat patients with preoperative neurological dysfunction
caused by congenital lateral kyphosis of the cervicothoracic
junction (3), congenital cervicothoracic kyphoscoliosis (8), and
kyphoscoliosis with spinal canal stenosis (9). Preoperative
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FIGURE 3

Radiography, appearance,
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and intraoperative neurophysiological monitoring of case 2. Preoperative radiography of the entire spine (A),
preoperative appearance in the posterior and lateral views (B), post-operative radiography of the entire spine (C), post-operative appearance in
the posterior and lateral views (D). SEPs (E) and MEPs (F) after correction; SEPs (G) and MEPs (H) after spinal cord transposition immediately;
SEPs (I) and MEPs (J) 15 min later after spinal cord transposition; MEPs (K) at the end of surgery. MEPs: Motor-evoked potentials; SEPs
Somatosensory-evoked potentials.
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TABLE 1 Literature review with summary of previously reported cases and our cases of transposition of the spinal cord.

References Age, sex Diagnosis Neurological function Surgical approach IOM Prognosis
Hyndman (3) - Kyphoscoliosis Lower extremities paralysis and bowels or bladder Transplantation of the spinal No Recovery
dysfunction preoperatively cord
LOVE et al. (4) 28, male Kyphoscoliosis Numbness and weakness of both lower extremities Transplantation of the spinal No Recovery
secondary to Pott’s preoperatively cord
disease
50, female Pott’s disease Complete paraplegia preoperatively No Improvement
11, male Kyphoscoliosis Weakness and hypesthesia of both lower No Improvement
extremities preoperatively
22, male Kyphosis secondary to Weakness of lower extremities preoperatively No Aggravation
Pott’s disease
17, male Scoliosis Complete paraplegia preoperatively No Improvement
LOVE (5) 6 cases Pott’s disease Paraplegia preoperatively No Recovery (3/6); revision
surgery due to reactivation
(1); little or no change (1);
aggravation (1);
65, male Spinal injury Paralysis from his waist down and bowels or No No change
bladder dysfunction preoperatively
53, male Kyphoscoliosis Paraplegia preoperatively No Improvement
17, male Kyphoscoliosis Paraplegia preoperatively No Recovery
secondary to congenital
hemivertebra
22, male Kyphoscoliosis Paraplegia preoperatively No Marked improvement
secondary to von
Recklinghausen’s
neurofibromatosis
13, male Kyphoscoliosis of the Paraplegia preoperatively No Marked improvement
paralytic type
Barber et al. (6) 16, male Congenital scoliosis Decreased sensory and motor function of both Spinal cord transposition No Significant improvement
lower extremities preoperatively without fusion
Feldman et al. 17, male Scoliosis Decreased sensory and motor function of both Spinal cord transposition with No Recovery

@

lower extremities preoperatively

situ posterior fusion

(Continued)
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TABLE 1 (Continued)

References Age, sex Diagnosis Neurological function Surgical approach IOM Prognosis
Shenouda et al. 13, female Kyphoscoliosis with Right leg weakness, spinal pain and bladder Spinal cord detethering and No Recovery
(8) two hemivertebrae dysfunction preoperatively posterolateral decompression
and transvertebral
transposition of the spinal
cord
Novikov et al. 15, female Kyphoscoliosis Paraparesis of the lower extremities preoperatively Antero-lateral transposition SEP Significant improvement
9) of the spinal cord and
posterior correction
Current 16, male Congenital Post-operative paraplegia Multilevel Ponte Osteotomy, SEP and Recovery
manuscript kyphoscoliosis posterior fusion, and MEP
cases transposition of the spinal
cord
19, female Congenital Intraoperative paraplegia Pedicle Subtraction SEP and Recovery
kyphoscoliosis Osteotomy, posterior fusion MEP

and transposition of the spinal

cord

IOM, intraoperative neurophysiological monitoring; SEP, somatosensory evoked potentials; MEP, motor evoked potentials.
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spinal cord compression could be released by the resection
of bone structures that compress the spinal cord during the
transposition of the spinal cord. Previously published cases
(3-9) and our cases of spinal cord transposition are reviewed
in Table 1. These previous studies indicated that spinal cord
transposition was primarily aimed at eliminating preoperative
spinal stenosis, which is different from our report. In addition,
during the last two decades, IOM has been widely used to
detect intraoperative spinal cord injury with high sensitivity and
specificity. Transvertebral transposition of the spinal cord under
IOM for the detection and treatment of acute paraplegia has not
been reported previously.

For acute paraplegia intraoperatively or post-operatively,
although various surgical techniques such as laminectomy,
implant removal, decreasing correction rate, and even in situ
fixation and extensive spine canal exploration were applied,
they were rarely effective. Consistent with previous reports,
the degree of post-operative functional recovery has often been
disappointing regardless of treatment type (15, 16). In our two
cases, we speculate that the acute neurological deficits may be
related to severe and rigid kyphoscoliosis (Cobb angle >80°
and flexibility <30%) (17) and high tension of the spinal cord
due to over-distraction during the correction. In case 1, the
real-time IOM monitoring showed no abnormality during the
operation, but delayed paralysis occurred 6 h after the operation;
we considered whether there are problems concerning vascular
insufficiency of the spinal cord due to over-distraction and
ischemic edema of the spinal cord which may develop slowly and
constantly. In case 2, the IOM alert developed immediately after
the correction of the main thoracic curve, so we also wondered
if there is undetected bony compression on the concave side or
over-distraction to the spinal cord. In fact, during the surgery,
all the aforementioned rescue surgical techniques were used but
were ineffective in these two cases.

Since 1947, some studies have described that transposition
of the spinal cord is performed to eliminate preoperative spinal
stenosis caused by angulation deformity, release spinal cord
compression, and improve preoperative neurological deficits
(3, 6, 8, 9). The surgical technique of spinal cord transposition
involved the removal of a part of the bone structure at
the concave side, releasing the spinal cord compression, and
preventing neurological deficits. In our study, transvertebral
transposition of the spinal cord was eventually used to eliminate
the spinal cord compression caused by kyphoscoliosis corrective
surgery and to successfully recover the intraoperative or post-
operative neurological deficits.

From these two cases, to prevent acute or delayed
paralysis in such stiff curves, we must evaluate whether
decompression is enough and if there is over-distraction
or other problems

concerning vascular insufficiency.

Management strategy may include implant removal,

laminectomy, decreasing correction rate, extensive spine
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canal exploration, and even transvertebral transposition
of the spinal cord. If no compression to the spinal
the
measurements to release the spinal cord tension may be

cord was found during revision surgery, taking
an alternative method.

IOM, as an effective method to prevent neurological
deficit, is used in most cases of spine surgery. IOM could
dynamically monitor spinal cord function in real-time and
indicate intraoperative neurological damage at an early stage,
and catastrophic complications can be minimized if the adverse
event is reversed promptly (18, 19). In our cases, the IOM alerts
were checked by a standard checklist and confirmed by a wake-
up test. After transvertebral transposition of the spinal cord, the
IOM signals recovered, which objectively reflected the recovery
of neurological dysfunction and confirmed the effectiveness of
spinal cord transposition. However, our small sample size is a

limitation. Hence, further studies are required in the future.

Conclusion

In our study, transvertebral transposition of the spinal cord
was eventually used to eliminate the spinal cord compression
and to recover the intraoperative or post-operative neurological
deficits successfully. This case demonstrated that instead of
decreasing the correction ratio of kyphoscoliosis, transvertebral
transposition of the spinal cord under IOM may be an
alternative therapeutic strategy for acute spinal cord dysfunction
caused by deformity correction surgeries.
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