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INTRODUCTION: Post-traumatic syringomyelia is an uncommon complication after traumatic spinal cord injury. This case study
details our decision-making and surgical approach for a patient with symptomatic post-traumatic syringomyelia after sustaining a
gunshot wound.
CASE PRESENTATION: A 24-year-old man with past medical history of distant American Spinal Injury Association Impairment
Grade B spinal cord injury due to ballistic injury developed delayed post-traumatic syringomyelia, resulting in unilateral sensory loss
and left upper extremity weakness. CT and MR imaging revealed a syrinx spanning his cervical and thoracic spine causing
significant spinal cord compression. To relieve achieve decompression and restore CSF flow dynamics, we performed a bony
extradural decompression, bullet fragment extraction, spinal cord untethering, and midline myelotomy. Postoperatively, the patient
demonstrated clinical and radiographical improvement.
DISCUSSION: Post-traumatic syringomyelia is potentially morbid sequalae of spinal cord injuries. Suspicion for post-traumatic
syringomyelia should be maintained in patients with delayed, progressive neurologic deficits. In this setting, surgical
intervention may require extradural and intradural procedures to mitigate neural compression along the dilated central canal by
the syrinx.
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INTRODUCTION
Post-traumatic syringomyelia (PTS) is a rare and potentially
morbid complication seen after spinal cord injury (SCI). PTS can
manifest with neurological findings below the level of the
original SCI. PTS should be suspected in patients with history of
SCI and progressive neurologic symptoms. Diagnosis is con-
firmed with imaging of the spinal cord. To date, there is no
consensus on the optimal surgical approach to definitively treat
this condition. In this report, we present the case of a patient
who developed PTS 14 years after a penetrating ballistic SCI,
detail our surgical approach, and elaborate on our experience in
the context of the literature describing surgical management
of PTS.

CASE PRESENTATION
In 2007, a left-handed adolescent male suffered multiple
gunshot wounds to the neck and left chest. On initial
presentation, he had emergent thoracostomy tube placement
followed by intubation for airway protection. Computed
tomography (CT) of the cervicothoracic spine demonstrated
multi-level penetrating injury, with ballistic fragments abutting

the left posterior elements and vertebral body of C7 and a
complex, comminuted T4 fracture with cord transection at this
level, resulting in American Spinal Injury Association Impairment
(ASIA) Grade B injury (Fig. 1A, B.1-2). Operative management of
the SCI was deferred.
More than 14 years after this initial injury, the now 24-year-

old patient was admitted due to inability to care for himself
and failure to thrive. He had no other contributory medical,
family, and psycho-social history. However, after additional
questioning, this inability to care for himself was due to
progressive left-handed clumsiness secondary to numbness
and tingling. He also endorsed worsening neuropathic pain,
more pronounced in his left arm. Formal neurologic examina-
tion revealed asymmetric 4+ strength in left hand grip and
intrinsic muscles. Assessment of light touch and pain sensation
was carried out using a cotton-wrapped stick and the sharp
end of a snapped cotton-wrapped stick, respectively. Light
touch and pain stimuli were applied 5–10 times per body
region. The patient’s sensory exam was notable for decreased
sensation of the left upper extremity, as he was only able to
correctly identify 10–20% of light touch or sharp stimuli.
Chronic paraplegia with significant bilateral lower extremity

Received: 24 January 2022 Revised: 5 June 2022 Accepted: 28 June 2022

1Department of Neurosurgery, Johns Hopkins School of Medicine, Baltimore, MD, USA. 2These authors contributed equally: Tej D. Azad, Joshua Materi. ✉email: tazad1@jhmi.edu

www.nature.com/scsandc

1
2
3
4
5
6
7
8
9
0
()
;,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41394-022-00533-7&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41394-022-00533-7&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41394-022-00533-7&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41394-022-00533-7&domain=pdf
http://orcid.org/0000-0001-9786-9068
http://orcid.org/0000-0001-9786-9068
http://orcid.org/0000-0001-9786-9068
http://orcid.org/0000-0001-9786-9068
http://orcid.org/0000-0001-9786-9068
https://doi.org/10.1038/s41394-022-00533-7
mailto:tazad1@jhmi.edu
www.nature.com/scsandc


contractures and long-standing T4 sensory level were
unchanged from baseline. Given these new neurologic deficits,
CT myelogram was obtained which revealed extensive syrinx
with associated expansion of the spinal cord, extending from
the craniocervical junction to T4, a new finding from prior CT
myelogram, which was obtained after the initial injury in 2007
(Fig. 2). To aid in surgical decision-making, magnetic resonance
imaging (MRI) was obtained. MRI revealed tethering of the
spinal cord at the T4 level, resulting in an ascending expansile
syringomyelia (Fig. 3A, B).

Operative procedure
Given this symptomatic PTS, patient was consented and taken
for detethering of the spinal cord to re-establish normal
cerebrospinal fluid (CSF) dynamics. To visualize the ballistic
fragment responsible for spinal cord deviation, laminectomies
were performed at T3-5 with complete right T3 and T4
facetectomy. Due the bullet’s firm lodging into the T4 vertebral
body, removal required fragmentation of the bullet with a high-
speed drill using the surgical microscope. Furthermore, partial
corpectomies at T4 and T5 were employed to achieve
circumferential extradural spinal cord decompression.
Next, the dura was opened in a right paramedian fashion and

revealed a thickened, milky arachnoid layer. No spontaneous CSF
flow was observed. With microscopic assistance, the arachnoid
adhesions were taken down at the level of T3 and T4 on the right
side, with return of CSF flow. Intraoperative ultrasound was used
to visualize the syrinx and assess for septations. Ultrasound
revealed persistent expansion of the cord rostral to the level of the
detethering. These imaging findings were used to perform a
5-mm midline myelotomy at the largest loculated region of the
syrinx. This resulted in immediate egress of CSF from the spinal
cord and sonographic evidence of syrinx improvement. An
expansive duraplasty was performed and dorsal arch bars were
fashioned to recapitulate the lamina. Closure was performed in a
standard layered fashion with one subfascial drain maintained to
gravity.

Postoperative course
In the immediate postoperative setting, the patient reported
subjective improvement in left upper extremity numbness and
slight improvement in left hand grip and intrinsic strength. Two
weeks postoperatively, MRI confirmed decompression of the
syrinx (Figs. 3C, D and 4) with a notable decrease in cross-
sectional diameter at the level of T2 (Fig. 3, 1.1 × 1.2 cm to
0.7 × 0.9 cm). The patient was doing well at 1-month follow-up,
evidenced by 5/5 left hand grip and 5/5 intrinsic muscle
strength (compared to 4+/5 preoperatively) and left upper
extremity sensation that was only 40–50% decreased compared
to right upper extremity (compared to 80–90% decrease
preoperatively). The patient followed up in clinic at 20-weeks
after surgery with continued improvement in motor and
sensory function.

DISCUSSION
In 2020, the estimated number of people living with SCI in the US
was ~294,000 [1]. PTS is a rare complication seen days [2] to years
[3] after SCI that results in the development of a CSF-filled cavity
within the spinal cord. The pathogenesis of PTS remains unproven,
but is likely attributable to subarachnoid scarring secondary to the
primary SCI that perturbs perivascular fluid mechanics of CSF and
blood [4]. Before the turn of the twentieth century, PTS had been
described after SCI sustained from ballistic trauma [5] and high
falls [2, 6]. At present, motor vehicle accidents present the most
common mechanism of SCI, followed by falls, acts of violence
(primarily gunshot wounds), and sports/recreation activities [7].
Among those with SCI, 1–7% will develop symptomatic syringo-
myelia [8, 9]. Symptom presentation is varied, but can include
neuropathic pain [4, 10–12], sensory loss [4, 12–14], motor
impairment [4, 10–12] and/or autonomic instability [4, 15, 16].
Modern neuroimaging techniques have aided diagnosis of PTS.
T2-weighted MR imaging is the most sensitive technique and
preferred for diagnosis, morphological characterization and serial
monitoring [17, 18]. In cases where MRI is unavailable or

Fig. 1 Preoperative computed tomography. A, B.1-2 Computed tomography of the thoracic spine on initial admission demonstrating bullet
fragments at C6-7 and T4.
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contraindicated, CT with contrast myelography has demonstrated
clinical utility, but 10–50% of syringes remain undetected [17].
Symptomatology dictates management. In cases without severe

or progressive neuropathic pain and motor weakness, conserva-
tive management has demonstrated durability of symptom
stabilization or even improvement with rehabilitation
[16, 19–21]. However, in the setting of neurological deterioration
and/or severe pain, surgical intervention becomes necessary. The
goal of surgery is to achieve internal decompression of the syrinx
and relieve compression on surrounding nerve fibers and blood
vessels. Treatment aims to address either the filling mechanism of

the syrinx or direct drainage of the syrinx fluid. The latter consists
of syringostomy [20, 22, 23], cordectomy [21, 24], and syringosu-
barachnoid [16, 20, 23, 25], syringopleural [26, 27], and
syringoperitoneal shunts [14, 28, 29]. In recent decades, CSF
drainage techniques have been augmented by arachnoid lysis
[21, 30], extradural decompression [31], and duraplasty [21, 30, 32].
However, no surgical technique has emerged superior [33] and
long-term improvement occur in fewer than half of patients
treated [17].
In the case of our patient, the original ballistic injury and

retained bullet fragment deserve additional consideration. In the
US, there are ~115,000 firearm injuries annually [34]. In most cases,
bullet fragments are not routinely removed [35]. The proportion of
SCIs caused by gunshot wounds are increasing [36]. Despite this
burden, there are few described cases of PTS in the context of
ballistic injury. In a systematic review of patients with gunshot
injuries to the spinal cord, two of 26 required surgical intervention
for PTS [37]. In the setting of ballistic injury in three cases,
symptomatic syrinx formation has been reported at 6–8 years after
the initial injury [22, 38], compared to 14-years in this report. All
three of these cases required syrinx decompression. Beckley et al.
described a similar operative approach with multi-level laminect-
omy, ballistic removal, cord untethering and syrinx drainage that
yielded an improvement in neuropathic pain and recovery of
sensory and motor loss at 3-months [39]. Similarly, our patient
demonstrated improvement in neuropathic pain and motor
function. MRI 2-weeks after surgery revealed reduction of syrinx
diameter at the level of direct decompression. Syrinxes may take
months to years to diminish in size after surgical decompression
[40]; therefore, we are optimistic that the residual syrinx rostral to
the level of decompression will continue to shrink in diameter and
length.
Albeit without bullet removal, the surgical approach used in our

case resembled techniques previously described by others
[26, 31]. In 16 patients with complete cord trauma (ASIA A or B)
that mostly underwent arachnolysis, untethering and duraplasty,
Klekamp et al. demonstrated that 66% of patients improved and
35% had unchanged symptomology at 3-months, while 14% had
clinical recurrence [21]. Alternatively, Ushewokunze et al. retro-
spectively reviewed 40 patients with PTS that had undergone
multi-level laminectomy and arachnolysis [32]. Despite limited
documented follow-up, this study found postoperative neurolo-
gical deterioration in 41.4%, 32% and 37.5% at 6-weeks, 6-months
and 1-year, respectively. Half of the patients in this study
underwent further operations, including 18 shunt insertions (2 in
3), leading to the authors to conclude that decompression and
arachnolysis have limited effect on long-term symptoms.
PTS remains a rare sequala of SCI. Despite being described in

the literature, there remains a lack of consensus in management
strategies. As described here, retained ballistic fragments adjacent
to the spinal cord further complicate neurosurgical care. While this
case report adds to existing literature on this rare disorder, results
are based on retrospective findings, limiting generalization at the
population level. Therefore, prospective, multi-center studies with
large patient cohorts are required to improve prognostication and
treatment options.

CONCLUSIONS
Definitive operative management of patients with PTS remains
undetermined. Ballistic injury with retained fragments may
further complicate approaches to decompress the syrinx. Our
study adds to existing literature that extradural decompression
and cord untethering helps facilitate restoration of physiological
CSF flow.

Fig. 2 Serial CT myelography. Remote (A, B, 5/2007) and recent
(C, D, 6/2021) computed topography myelogram studies. A Sagittal
image, demonstrated bullet fragments at the anterior C6-7 vertebral
bodies and a burst fracture of the T4 vertebral body with ballistic
fragments anterior to the vertebral body and within the spinal canal.
Axial imaging shows the thecal sac and spinal cord are displaced
posteriorly at C6 (B.1) and left posterolaterally at T4 (B.2). C Sagittal
image, showing longitudinally extensive syringomyelia with asso-
ciated spinal cord expansion extending from the craniocervical
junction to the level of C7 demonstrated by axial images with cross-
sectional diameter of 1.4 cm (D.1) and 1.2 cm (D.2).
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