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Abstract: Objective To investigate the clinical effect of trans-segmental shunt of syringomyelia due to trauma and infection
combined with cerebrospinal fluid dynamics. Methods A total of 17 syringomyelia patients admitted to the inpatient
Syringomyelia Department in Zhengzhou Central Hospital from July 2019 to June 2021 were collected, all patients underwent
cross-segmental shunt surgery for syringomyelia. The clinical features, electromyography and imaging features of patients
before and after operation were analyzed. The Chicago Chiari Outcome Scale (CCOS) and Japanese Orthopaedic Association
(JOA) score were used to evaluate the clinical prognosis of patients. Pearson method was used to analyze the correlation
between the improvement index of JOA score and CCOS score and the difference of peak velocity of cerebrospinal fluid.
Results After trans-segmental shunt, the clinical symptoms of 14 cases were significantly improved, and 3 cases did not
improve. The JOA score was significantly higher after surgery than before surgery (17.65±1.80 vs 8.94±2.36, t=11.609,
P=0.001). Limb numbness, dissociative sensory disorder, gait disorder, dizziness, lower limb weakness, ataxia, sensory nerve
conduction, motor nerve conduction, maximum diameter of cavity and peak cerebrospinal fluid flow in the foramen magnum
and the midbrain aquaquet during systolic and diastolic periods were significantly improved after surgery (P<0.05). JOA score
improvement index and CCOS score were significantly correlated with the difference of CSF peak velocity (P<0.05). Conclusion
For patients with syringomyelia caused by trauma or infection, trans-segmental shunt of syringomyelia can improve the
cerebrospinal fluid dynamics of patients with syringomyelia to a certain extent, promote the reduction of syringomyelia and
improve the clinical symptoms of patients.
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Syringomyelia is caused by the filling of potential
cavities in the spinal cord parenchyma or central canal
with fluid due to various reasons [1]. It is mostly
associated with congenital diseases such as Chiari
malformation, and can also be caused by acquired tumors,
trauma, infection, spinal cord tethering, or arachnoiditis.
Adhesion in the subarachnoid space can lead to distortion
of cerebrospinal fluid flow in the subarachnoid space,
resulting in syringomyelia several years after a traumatic
event [2]. The clinical symptoms of syringomyelia are
mainly a series of motor and sensory disorders caused by
compression of the spinal cord at the level of the cavity,
and it is a chronic progressive neurological injury. In this
study, patients were treated with cross-segmental shunt
surgery. We compared the clinical symptoms,
electromyographic changes, and cerebrospinal fluid
dynamics before and after surgery to explore the clinical
efficacy of cross-segmental shunt surgery in the treatment
of syringomyelia caused by trauma and infection,
providing a more scientific basis for surgical treatment of
patients with syringomyelia.

1. Materials and Methods

1.1 General Information

Clinical data from 17 patients with syringomyelia who

were admitted to the Spinal Cord Cavernous
Malformation Specialist inpatient department of
Zhengzhou Central Hospital from July 2019 to June 2021
were collected. There were 10 male patients and 7 female
patients, with ages ranging from 28 to 76 years, and an
average age of 47.29 years. The disease duration ranged
from 1 to 12 years, with an average duration of 5.70
years.
Inclusion Criteria: (1) Patients had preoperative

magnetic resonance imaging examination suggesting
syringomyelia [3]; (2) they had obvious clinical
symptoms and signs including but not limited to
intracranial hypertension, progressive neurological
damage, ataxia, muscle strength sensory disorder, etc.; (3)
patients and their families volunteered to seek
cross-segmental shunt surgery after understanding the
purpose, risks, and effects of the surgery; (4) they did not
have hydrocephalus or congenital developmental
deformities.
Exclusion Criteria: (1) syringomyelia caused by other

etiologies such as Chiari malformation, tumor, spinal cord
tethering, surgery, etc.; (2) patients with concomitant
atlantoaxial dislocation or subluxation, hydrocephalus,
flat skull base, scoliosis, etc.; (3) patients with
concomitant cardiopulmonary dysfunction and severe
impairment of important organ function who were unable
to cooperate with surgery.
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1.2 Data Collection

Both preoperative and postoperative electromyography
and PC-MRI were performed on the patients. All enrolled
patients were evaluated with Japanese Orthopaedic
Association (JOA) score [4] both before and after surgery,
and the improvement of JOA scores was calculated (JOA
score improvement index = post-treatment score -
pre-treatment score, post-treatment score improvement
rate = [improvement index / 29 - pre-treatment score] ×
100%). Postoperative Chicago Chiari Outcome Scale
(CCOS) [5] was used to assess the prognosis of patients,
with a score of 10 as the cutoff point, defining >10 as a
good prognosis and ≤10 as a poor prognosis.

1.2.1 Electromyography
The Danish-Dantec KEY POINT electromyography

device was used to perform nerve conduction studies,
motor nerve conduction, F-wave, and H-reflex testing on
the bilateral median nerves, tibial nerves, and peroneal
nerves of the patients in a supine position. Surface
electrodes were used for stimulation and recording.

1.2.2 PC-MRI Scan
In this study, a Siemens Skyra 3.0T superconducting

nuclear magnetic resonance scanner was used. Under
retrospective ECG gating, PC-MRI scanning of the head
and neck was performed at the central segment of the
mesencephalic aqueduct and the foramen magnum
[Figure 1].

Fig.1 PC-MRI image

1.3 Trans-segmental shunt for syringomyelia

All patients underwent trans-segmental shunt for
syringomyelia. After intubation and general anesthesia,
the patient was placed in the left lateral position, and the
head was fixed with a three-pin head holder. Routine
disinfection and draping were performed. Based on
preoperative MRI localization, a semi-laminectomy was
performed at the appropriate spinal segment with the
largest diameter of the syringomyelia and the thinnest
spinal cord (without affecting spinal stability). The
corresponding subcutaneous fascia was dissected, and a

vertical incision of approximately 8 cm was made to
expose the correct thoracic vertebra. Bone biting was
performed with a rongeur to decompress the vertebrae.
Muscle tissue was hemostatic [Figure 2A]. Intraoperative
ultrasound was used to locate the adherent sites (the
probe was placed on the surface of the dural sac). The
patient was placed in a head-down, foot-up position (to
avoid a large loss of cerebrospinal fluid leading to
postoperative hypotensive headache). The dural sac and
arachnoid were longitudinally incised, with an incision of
1-3 cm. The dural sac was suspended on both sides, and
the underlying spinal cord was found to be adherent to
surrounding tissues. The adherent nerves were fully
released [Figure 2B]. The same method was used to
gradually incision and release adherent tissues
downstream of the adherent sites. Intraoperative
ultrasound again demonstrated a clear gap on the dorsal
side of the spinal cord. A standard straight cerebrospinal
fluid shunt tube (France, B019-10) was used. One end
was placed in the subarachnoid space on the left side of
the inferior border of the upstream vertebral plate, and the
other end was placed in the subarachnoid space on the
right side of the inferior border of the downstream
vertebral plate. The suture was first passed through the
sturdy side of the shunt tube, and then the shunt tube was
sutured and fixed to the dural sac and muscle tissue
[Figure 2C]. The arachnoid and dural sac were sutured in
layers (note that excessive tension during suturing may
lead to suture breakage and cerebrospinal fluid leakage).
A biological dural patch (Heal-ALL®, Yantai Zhi-Bio,
model: 4 cm×6 cm) was used to repair and suture the dura
mater [Figure 2D]. The surgical field was suctioned clean
with an aspirator, and normal saline was used to irrigate
until it was clear. Note that the aspirator should not be
perpendicular to the dural sac to avoid negative pressure
causing damage to the dural sac, which may increase the
difficulty of suturing. Hemostasis was performed within
the surgical field, and the surgical incision was watertight
sutured with Prolene 6.0 sutures. The subcutaneous
tissues were sutured in layers, and the surgery was
completed. All surgeries were performed by qualified
senior surgeons. Intraoperative neurophysiological
monitoring (motor and somatosensory evoked potentials,
i.e., MEP and SSEP) was used to observe changes in
nerve function and adjust the spinal cord incision site in a
timely manner.

1.4 Postoperative Evaluation

All enrolled patients were followed up 6 months
after surgery. During the follow-up, physical examination,
EMG, routine MRI, and PC-MRI were performed on the
patients. The surgical outcomes were evaluated using the
CCOS score [6-7]. The changes in motor function,
sensation, and bladder function were reflected by changes
in the JOA score. Routine MRI was used to assess the
size of the cavity in the T2-weighted sagittal plane. A
decrease in cavity size of ≥50% was considered a
significant improvement, a decrease of ≥10% was
considered an improvement, and a decrease of <10% was
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considered no improvement (Figure 3). PC-MRI was used
to evaluate changes in cerebrospinal fluid dynamics after
surgery. The improvement index was calculated as the
difference between the post-treatment score and the

pre-treatment score. The improvement rate of the
post-treatment score was calculated as [(improvement
index / 29 - pre-treatment score) × 100%].

Fig. 2 Intraoperative image of trans-segmental shunt surgery for syringomyelia patients

Fig.3 Preoperative and postoperative MRI images of syringomyelia patient

1.5 Statistical Methods

SPSS 27.0 statistical analysis software was used.
Measurement data that conformed to a normal
distribution were expressed as x ±s, and comparisons
between groups were performed using paired t-tests.
Measurement data that did not conform to a normal
distribution were expressed as M (P25, P75), and
comparisons between groups were performed using the
Wilcoxon signed-rank test. Categorical data were
expressed as number of cases (%). Comparisons between
groups were performed using McNemar's test. Pearson
correlation analysis was used to analyze the correlation
between the difference in peak cerebrospinal fluid flow
rate after surgery and the improvement index of the JOA
score and CCOS score. P <0.05 was considered
statistically significant.

2 Results

2.1 General Information

All 17 patients underwent cross-segment shunt surgery,
and there were no cases of postoperative infection, new
neurological dysfunction, shunt tube blockage,
postoperative paralysis, respiratory failure, or death. The
symptoms of 14 patients were significantly relieved, with
an overall symptom improvement rate of 82.39% (14/17).
The symptoms of 3 patients did not improve significantly.
According to the CCOS score, the prognosis was good for
14 patients and poor for 3 patients.

2.2 Preoperative Clinical Data Characteristics

The incidence of clinical symptoms in the preoperative
group was as follows: lower limb weakness and sensory
abnormalities (numbness and dissociated sensory
disturbances) in the corresponding areas were the most
common (90%-100%), followed by low back pain, upper
limb weakness, and sensory abnormalities (numbness and
dissociated sensory disturbances) in the corresponding
areas (53%-65%).
The incidence of neck pain, hoarseness, drinking

cough, nystagmus, and dizziness was the lowest (0-35%)
[Table 1].

2.3 Postoperative Clinical Symptoms and
Improvement of Electromyography

Compared with preoperative conditions, there was no
improvement in postoperative neck pain, low back pain,
convulsions, upper limb weakness, nystagmus, dysphagia,
hoarseness, and drinking cough symptoms, and the
difference was not statistically significant (P>0.05).
Postoperatively, the patient's limb numbness, dissociated
sensory disturbances, gait disturbance, dizziness
symptoms, lower limb weakness, and ataxia improved
compared with preoperative conditions (P<0.05).
Compared with preoperative conditions, the
electromyography (sensory nerve conduction, motor
nerve conduction, F wave, and H reflex) of postoperative
patients improved (P<0.05) [Table 1].
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2.4 Postoperative MRI examination and
improvement of JOA score

Compared with preoperative conditions, the maximum
horizontal diameter of the cavity in the patients decreased
after surgery. The peak systolic velocity (PSV) and end
diastolic velocity (EDV) in the region of foramen
magnum of occipital bone (Figure 4A) and the PSV and
EDV in the central segment of the midbrain aqueduct
(Figure 4B) were slower than those before surgery. The
JOA score was higher than that before surgery (P<0.05)
[Table 2].

2.5 Correlation between JOA score improvement
index, CCOS score, and cerebrospinal fluid peak
flow velocity difference

The JOA score improvement index and CCOS score in
patients with syringomyelia were positively correlated
with the difference in peak flow velocity in the foramen
magnum of occipital bone and the central segment of the
midbrain aqueduct (P<0.05) [Table 3].

Tab.1 Preoperative and postoperative clinical symptoms and electromyography [n=17, case (%)]

Item Preoperation Postoperation χ2 P
Clinical Symptoms
Neck pain 5(29.41) 2(11.76) 1.126 0.254
Low back pain 9(52.94) 5(29.41) 1.542 0.169
Convulsion 3(17.64) 0 1.874 0.094
Numbness of limbs 15(88.23) 6(35.29) 3.329 0.003
Upper limb weakness 11(64.71) 7(41.18) 1.064 0.198
Lower limb weakness 16(91.12) 6(35.29) 3.632 0.001
Nystagmus 4(23.53) 1(5.88) 1.561 0.202
Segmental sensory disturbance 17(100.00) 10(58.82) 2.998 0.004
Gait disturbance 14(82.35) 7(41.18) 2.523 0.012
Dysphagia 3(17.64) 0 1.796 0.084
Hoarseness 4(23.52) 2(11.76) 0.896 0.385
Choking when drinking water 4(23.52) 3(17.64) 0.925 0.741
Ataxia 13(76.47) 3(17.64) 3.942 0.001
Dizziness 6(35.29) 1(5.88) 2.295 0.026

Abnormal Electromyography
Sensory nerve conduction 14(82.35) 8(47.06) 2.012 0.036
Motor nerve conduction 8(47.06) 1(5.88) 2.732 0.005
F wave 11(64.71) 3(17.64) 2.985 0.004
H reflex 13(76.47) 4(23.53) 2.652 0.003

Tab.2 Changes in preoperative and postoperative parameters in 17 patients（n=17， x ±s）

Tab.3 Correlation between JOA score improvement index, CCOS score and difference in cerebrospinal fluid peak flow velocity

2.6 Postoperative complications

Among the 17 patients with syringomyelia, 6 patients
experienced complications after surgery: 1 patient
developed incision fat liquefaction, which was treated

with local anesthesia, thorough drainage of subcutaneous
fluid, repeated flushing with iodine-containing
disinfectant, re-suturing of the incision, application of
epidermal growth factor, and enhanced dressing change.
The incision healed well without infection; 2 patients

Parameter Preoperation Postoperation t P
Maximum diameter of cavity (mm) 8.16±3.00 5.26±3.12 4.085 0.002
PSV of occipital bone (cm/s) 7.84±0.86 5.68±0.72 8.097 0.001
EDV of occipital foramen (cm/s) 7.83±0.84 5.78±0.72 7.716 0.001
PSV of middle segment of mesencephalic duct (cm/s) 6.80±1.50 4.72±0.91 5.801 0.001
EDV of central segment of mesencephalic duct (cm/s) 6.53±1.51 4.71±0.91 5.388 0.001
JOA Score 8.94±2.36 17.65±1.80 11.609 0.001

Variable

PSV difference of foramen
magnum of occipital bone

EDV difference of foramen
magnum of occipital bone

PSV difference in the central
segment of the midbrain

aqueduct

EDV difference in the central
segment of the midbrain

aqueduct

r Value P Value r Value P Value r Value P Value r Value P Value

JOA score
improvement
index

0.476 0.008 0.602 0.001 0.466 0.009 0.415 0.023

CCOS rating 0.634 0.001 0.741 0.001 0.534 0.002 0.473 0.008
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developed headaches, which improved after lumbar
puncture and cephalosporin antibiotic treatment for 1 day;
3 patients developed postoperative fever with a
temperature of less than 38.5°C. This may be due to a
small amount of blood flowing into the subarachnoid
space during dissection of the outer layer of the dura
mater, resulting in stimulatory fever and headache.
Lumbar puncture revealed yellow or brownish
cerebrospinal fluid. After cerebrospinal fluid drainage of
10 ml and conservative treatment, the symptoms
disappeared. None of the patients developed intracranial
infection, incision infection, shunt tube blockage, or
cerebrospinal fluid leakage after surgery.

3 Discussion

The purpose of routine shunt surgery for
syringomyelia patients is to reduce the fluid in the cavity,
decrease the cavity, decrease spinal cord tension, and
avoid further damage to the spinal cord and worsening of
clinical symptoms caused by the progression of the cavity
[8-11]. Different shunt surgeries have their own
advantages and disadvantages, and there is a lack of
unified standards for relevant research and evaluation.
The shunt surgery diverts cerebrospinal fluid from the
subarachnoid space to the pleural cavity, abdominal
cavity, and subarachnoid space, as well as the newly
emerging fourth ventricular subarachnoid shunt surgery
in recent years [12]. Diverting cerebrospinal fluid to the
pleural cavity and abdominal cavity can lead to chest
complications such as pleural infection, chest pain, and
trunk numbness, as well as common abdominal
complications such as omental obstruction of the shunt.
Both diverting cerebrospinal fluid to the pleural cavity
and abdominal cavity change the original cerebrospinal
fluid circulation pathway. The subarachnoid shunt does
not change the original cerebrospinal fluid circulation
pathway, and the cerebrospinal fluid still flows in the
subarachnoid space and is absorbed by the subarachnoid
granular tissue. The subarachnoid space is a more suitable
shunt site [13]. The cross-segmental shunt surgery for
syringomyelia changes the cerebrospinal fluid circulation
pathway through a shunt tube, allowing cerebrospinal
fluid to cross the adherent areas caused by trauma or
infection, rebuild the cerebrospinal fluid circulation
pathway below the adhesion, increase the cerebrospinal
fluid flow in the area below the adhesion, thereby
improving nerve tissue damage caused by poor
cerebrospinal fluid circulation [14-15].
The occurrence of SM can lead to various nerve

injuries. This study analyzed the clinical symptoms of 17
syringomyelia patients before and after surgery, and the
results showed significant improvement in limb
numbness, dissociated sensory disturbance, gait
disturbance, dizziness, lower limb weakness, and ataxia
symptoms compared to before surgery. Cross-segmental
shunt surgery can effectively improve SM symptoms.
Cross-segmental shunt surgery diverts abnormal fluid in
the cavity to the subarachnoid space, relieves the
compression of spinal cord tissue caused by central canal

dilation, reduces the size of the spinal cord cavity,
improves cerebrospinal fluid circulation below the
adherent area, protects the nerve tissue below the
adherent area, thereby alleviating clinical symptoms
[16-17]. Bertram[18] believes that when the subarachnoid
space is narrow, cerebrospinal fluid below the narrowing
can enter the spinal cord cavity, leading to an increase in
the volume of the spinal cord cavity. The study found that
the peak flow velocity curve of cerebrospinal fluid in the
midbrain aqueduct and occipital condyle region of
syringomyelia patients after posterior fossa
decompression surgery was less different from that of
normal people, and the peak flow velocity of
cerebrospinal fluid was higher than that of normal people.
In this study, it was found that the peak flow velocity of
cerebrospinal fluid in the occipital condyle region during
contraction and diastole in syringomyelia patients
underwent cross-segmental shunt surgery decreased to
some extent compared to before surgery. In addition,
compared with the preoperative group, the clinical
symptoms of the postoperative group were significantly
improved, the maximum transverse diameter of the cavity
was significantly reduced, and the JOA score was
significantly increased compared to before.
PC-MRI has certain clinical value in the diagnosis,

surgical indications, and postoperative outcome
assessment of patients with syringomyelia caused by
trauma or infection [19]. This study found that through
PC-MRI examination of 17 patients before and after
surgery, the peak flow velocity of cerebrospinal fluid in
the patients after surgery was significantly lower than that
before surgery, and the level of cerebrospinal fluid peak
velocity difference was closely related to the
improvement rate of JOA score and CCOS score. Before
surgery, the cerebrospinal fluid flow of the patients was
abnormal, which was a pathological state. After
performing spinal cord syringomyelia cross-segment
shunt surgery, the adhesion was removed to affect the
cerebrospinal fluid pathway, the cerebrospinal fluid
circulation obstruction state was alleviated, and the
pressure gradient in the subarachnoid space of the spinal
cord was reduced, creating an anatomical space where the
cerebrospinal fluid dynamics returned to a normal
physiological state. The clinical symptoms of the patients
improved, and the cerebrospinal fluid dynamics tended to
be normal. Studies have shown that there is no direct
correlation between the diameter of spinal cord
syringomyelia and symptoms [20]. In this study, there
was a significant difference in the maximum
anteroposterior diameter of the spinal cord syringomyelia
before and after cross-segment shunt surgery. It was
considered that the shunt tube reconstructed the
cerebrospinal fluid pathway at the upper and lower ends
of the cavity, which reduced the cerebrospinal fluid flow
velocity around the cavity. Due to the Venturi principle,
the cerebrospinal fluid pressure around the cavity
increased compared with before surgery, and the fluid in
the cavity decreased compared with before surgery, and
the cavity decreased accordingly. Three months later, we
followed up 17 patients and found that the shunt tubes of
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the patients did not fall off. When our team performed
spinal cord syringomyelia cross-segment shunt surgery,
we accurately placed the drainage tube position based on
preoperative PC-MRI examination and intraoperative
observation of the adhesion position between the spinal
cord and surrounding tissues, and sutured and fixed the
shunt tube to the dura mater and muscle tissue, so the
shunt tube was not easy to fall off. During the follow-up
period, PC-MRI examination showed that the spinal cord
syringomyelia maintained the same level, and the spinal
cord syringomyelia did not progress compared with
before, and the patient's symptoms did not gradually
worsen, which could exclude the occurrence of shunt tube
blockage.
However, there are certain limitations in spinal cord

syringomyelia cross-segment shunt surgery: spinal cord
syringomyelia cross-segment shunt surgery belongs to
active drainage, and there needs to be a pressure
difference. As the disease progresses, the pressure on both
sides of the shunt tube tends to be equal, and the drainage
effect almost disappears. However, it can still maintain
the balance of internal and external pressure, so the spinal
cord syringomyelia can be maintained at a smaller level
for a long time. If the shunt tube is removed, it will lead
to the rapid expansion of the cavity again in a short time.
To solve this problem, multiple drainage tubes can be
tried at the same time to achieve long-term stable and
effective drainage. However, multiple drainage tubes will
lead to insufficient space, increased surgical difficulty,
and increased risk of shunt tube falloff and blockage. The
best surgical method still needs to be further explored.
Overall, spinal cord syringomyelia cross-segment

shunt surgery can improve the cerebrospinal fluid
circulation abnormalities caused by adhesions and trauma,
reconstruct the cerebrospinal fluid circulation pathway,
and significantly improve the clinical symptoms of
patients. It is an ideal surgical method. However, the
sample size of this study is relatively small, and further
large-sample prospective studies are needed in the future
to provide more scientific and powerful evidence-based
medical evidence for surgical decision-making in patients
with SM.
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