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Expansive Duraplasty – Simple 
Technique with Promising Results in 
Complete Cervical Spinal Cord Injury: 
A Preliminary Study
Kanwaljeet Garg, Deepak Agrawal, R John Hurlbert1

Abstract:
Background: Complete cervical spinal cord injury is devastating with the currently available treatment 
modalities offering no hope for improvement. Intrathecal pressure is raised following spinal cord injury due to 
injured and edematous spinal cord. Due to constraints of the thecal sac, this sets up a vicious cascade leading 
to further spinal cord injury. Durotomy and expansile duraplasty could potentially prevent this secondary spinal 
cord injury. The aim of our study is to assess the advantage of durotomy and expansile duraplasty in addition 
to spinal bony decompression and fixation for traumatic cervical spine fracture.

Methods: Two patients with posttraumatic complete cervical spinal cord injury (ASIA A) were managed with 
expansile duraplasty in addition to decompression and fixation. A thorough examination including perianal 
sensations and bulbocavernosus reflex was done to rule out the possibility of incomplete cord injury with 
spinal shock. Both the patients underwent posterior decompression and lax duraplasty. Standard protocols 
of spinal cord injury were followed like maintenance of MAP >85 mmHg.

Results: Both the patients showed significant improvement in clinical status improving to ASIA D from ASIA A.

Conclusion: Durotomy and duraplasty may be offered in all patients with complete spinal cord injury who 
are undergoing instrumentation.
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Spinal cord injury (SCI) is a devastating 
injury with up to one‑third of the patients 

having complete cord injury.[1] It is estimated 
that about 80% of patients with traumatic 
cervical SCI remain paralyzed and about 40% 
will remain ventilator dependent throughout 
their lives.[2,3] A Canadian study estimated 
SCI‑associated lifetime economic burden to be 
US$1.47 million for patients with incomplete 
paraplegia and US$3.03 million per patient for 
patients with complete quadriplegia.[4] Besides 
the loss of function and economic burden, SCI 
also leads to shortened life span of the affected 
individuals. The decreased life expectancy 
in these patients is attributed to high risk of 
pneumonia and other respiratory conditions, 

recurrent urinary tract infections, septicemia, 
and pressure sores.[5]

Currently, the standard of care of SCI is surgical 
decompression (realignment of the vertebra with 
or without laminectomy) and stabilization of 
the bony injury.[6] Preventing secondary injury, 
which is mediated by inflammation and other 
chemical mediators, has been the management 
goal in SCI.[6–8] However, no intervention aimed 
at the prevention of secondary spinal cord injury 
and regeneration of the damaged spinal cord has 
been successful till date.Address for 
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Key Message:
Spinal cord injury is a devastating injury with up to one‑third of the patients having complete cord injury. Spinal 
cord edema is one of the final pathways of many chemical mediators which mediate secondary injury.	Cervical 
expansile duraplasty prevents further spinal cord damage due to spinal cord edema.
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Spinal cord edema is one of the final pathways of many 
chemical mediators which mediate secondary injury. It 
results in increased intrathecal pressure (ITP), which has been 
documented in various experimental models and clinical 
studies.[9–11] Raised ITP leads to decreased spinal cord perfusion. 
Increasing the mean arterial pressure (MAP) is a commonly 
followed strategy following SCI to maintain adequate 
perfusion. Expansile duraplasty of the thecal sac at the level of 
injury is a less commonly used strategy to counter the increased 
ITP. We could find only two studies in the English literature 
over the past 50 years.[1,12] We present our experience of 
managing two patients with complete cervical SCI (ccSCI) with 
decompression and fixation along with expansile duraplasty.

Methods

Two patients who were admitted with ccSCI were included 
in the study. Both patients had complete spinal cord injury 
only, i.e., ASIA A. Thorough examination including perianal 
sensations and bulbocavernosus reflex was done to rule 
out the possibility of incomplete cord injury with spinal 
shock. Patients underwent routine imaging studies: CT scan 
whole spine and MRI cervical spine. Decision regarding the 
surgical approach was made based on standard guidelines. 
Our center is an apex trauma center and most of our 
patients are referred from peripheral centers. Sometimes 
the patients get to us late following trauma. We prefer early 
decompression and stabilization in traumatic cervical spinal 
cord injury but due to this delayed referral, sometimes the 
surgery gets delayed. Both the patients underwent posterior 
decompression and lax duraplasty using synthetic material 
named “Redura™” (degradable material poly‑L‑lactic acid, 
MEDPRIN). Standard protocols of spinal cord injury were 
followed like maintenance of MAP >85 mm Hg.[6] No other 
experimental drug was given to these patients.

Results

The first patient was a 49‑year‑old female with C4‑C5 
spondylolisthesis who presented to our hospital 48 h after 
trauma. Her MRI showed cord compression at the level of 
spondylolisthesis with cord signal change on T2 weighted 
imaging extending from C4 to C5 [Figure 1]. She underwent 
bilateral C4 and C5 lateral mass screw insertion and C4 to 
C5 laminectomy on day 4 trauma. The spondylolisthesis 
reduced after the facets were following drilled when the 
lateral mass screws were inserted. Puncture durotomy was 
done at lower border of C3 under microscope and Codman 
pressure sensor (Integra Life Sciences, Princeton, NJ) was 
inserted intradurally between the spinal cord and the dura 
to measure the intrathecal pressure [Figure 2]. Opening ITP 
was found to be 19 mmHg. Durotomy was extended from C3 
to lower border of C5 under microscope avoiding damage to 
the blood vessels on the surface of the spinal cord. There was 
cord bulge and there were no cord pulsations when the dura 
was opened. After the CSF egressed, the spinal cord started 
pulsating. Lax duraplasty was done using Redura™. The 
technique of duraplasty was similar to the one followed for 
cranial decompressive craniectomy and expansile duraplasty. 
An elliptical patch of artificial dura is sutured to the dural edges 
to expand the intradural space. It was ensured that there is no 
compression over the spinal cord due to the tough duramater. 

Tissue glue was used to reinforce the dural closure. Fixation 
was completed using rods. Autologous bone chips were placed 
over the decorticated lateral masses and closure was done in 
layers. The patient’s power gradually improved to ASIA D and 
she could be weaned off the ventilator in few days and was 
discharged on postoperative day 7.

The second patient was a 51‑year‑old male who presented 
to some other hospital after a road traffic accident and was 
intubated in view of poor GCS. His GCS was E1Vt M1 when 
he was shifted to our center 5 days after trauma. MRI brain 
showed no evidence of traumatic brain injury. Over the next 
few days, he started opening eyes. On examination, he had 
grade 0 power with the absence of sensation (including perianal 
sensations) in all four limbs. Computed tomography revealed 
normal alignment of cervical vertebrae and sagittal split 
fractures of C4, C5, and C6 vertebrae with no apparent canal 
compromise [Figure 3a and  b]. There was fracture of left lateral 
mass and the posterior elements of C4. The facet joint of C4 
and C5 was distracted. There was also fracture of left C1 lateral 
mass and C3 facet [Figure 3c]. According to AO Classification 
A4B2N4F2 (Sagittal split, posterior tension band injury with 
complete spinal cord injury and facet fracture). MRI showed 
cord signal change extending from C4 to C6. He underwent 
bilateral C3 to C6 lateral mass screws fixation on day 7 of 
trauma. Fixation was extended to C1 on one side only (in 
order to decrease operative time and blood loss). C4 to C6 
laminectomy was done. Midline durotomy was done extending 
from C3 lower border to C6 lower border under a microscope. 
The thecal sac was  non‑pulsatile before opening the dura and it 
started to pulsate after the dural opening. Lax duraplasty was 
done using the artificial dural substitute patch. He required 
lumbar drain insertion for CSF leak from the wound for 5 days 
after which it settled [Figure 3d]. Postoperative MRI revealed a 
large pseudomeningocsele but he did not require any surgical 
intervention for it. Patient gradually improved to ASIA D 
and could be weaned off the ventilator and discharged after 4 
months of hospital stay.

Discussion

We describe our experience in patients with complete cervical 
SCI. This subgroup of patients have very grim prognosis despite 
the advancements in medical and surgical therapies. Both of our 

Figure 1: (a) CT cervical spine sagittal section showing C4‑5 grade 2 
spondylolisthesis, (b) MRI T2 weighted image showing cord swelling with 

obliteration of CSF space at the level of C4 with cord hyperintensity from C3 to C5, 
(c) postoperative MRI T2 WI showing normal alignment of the spine with uniform 
CSF space anterior to the spinal cord. Note is also made of the T2 hyperintense 

signal intensity in the spinal cord at the C4 level
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patients improved to ASIA D from ASIA A, which is usually 
not seen in complete cervical SCI with the existing standard of 
management. Therefore, we believe that intrathecal pressure 
may have a significant role to play in the pathogenesis of SCI. 
It is well known that spinal cord perfusion pressure (SCPP) is 
controlled by ITP and mean arterial blood pressure (MABP) 
like intracranial pressure (ICP) and MABP control cerebral 
perfusion pressure. Increasing cord edema results in raised ITP, 
which in turn decreases the cord perfusion as the spinal cord 
is contained inside the non‑yielding tough duramater.[7,13] The 
condition mimics the osteofascial compartment syndromes.[12] 
Increased ITP has been demonstrated in many experimental 
and clinical studies.[11,14–17] Once the ITP increases, there is 
resultant ischemia which further increases the ITP; hence, a 
vicious cycle of “ischemia‑edema‑ischemia” is established.[12]

Leonard et al.[9] in their experimental study showed that the 
increase in ITP is biphasic; the first phase involves the increase 
in ITP which occurs immediately following trauma and this 
immediate increase in ITP is associated with intraspinal lesions 
like hemorrhage. A delayed rise in ITP due to the development 
of cord edema was seen, and it peaked at around day 3 
following SCI and persisted for 7 days.[9,11] As the edema is 
maximum around day 3, the early spinal decompression and 
fixation is likely to yield better results, and this has been proven 
in both experimental and clinical studies.[18–20]

ITP can be measured by using intrathecal pressure 
sensors.[1,11,17] Lumbar drain has also been used in many studies 
for this purpose.[6] In an attempt to predict ITP non‑invasively 
depending on multiple patient factors following SCI, 
Hogg et al. found that the accuracy of predicting normal or 
high ITP is only 73% while optimum SCPP was predicted with 
only 42% accuracy.[21] Hence, the invasive ITP monitoring is the 
only reliable option. Werndle et al. have shown that ITP is in 
the range of 20 to 40 mmHg and SCPP is low (40–60 mm Hg) 
following a severe traumatic spinal cord injury.[22] ITP can 
also act as a prognostic marker. The patients with high ITP 
are likely to have poor perfusion of the spinal cord and hence, 
worse outcome.[12]

Strategies to counter the raised ITP
Raised ITP following SCI may contribute significantly to the 
spinal cord damage over and above that caused by primary 
spinal cord injury. Raised ICP can be decreased by mannitol 
administration and controlling arterial blood carbon dioxide 
partial pressure. However, these measures have been shown 
to have no effect on ITP following SCI.[22,23] The possible ways 
to counter increased ITP include medical measures to inhibit 
inflammation, MAP/SCPP guided therapy, laminectomy, and 
laminectomy and duraplasty.

Medical measures
The strategies to prevent the secondary cord damage and 
development and worsening of spinal cord edema, which is 
the final step in the cord damage, target inflammatory factors 
and aquaporin water channels. The inflammatory mediators 
increase the permeability of blood spinal cord barrier and 
aquaporin water channels manipulated the water content of 
the spinal cord.[24] However, no pharmacological agent has 
yielded results good enough to be included into the standard 
treatment protocol yet. Other medical agents which have been 
tried to improve outcome in SCI include methylprednisolone, 
minocycline, and erythropoietin.[25]

MABP/SCPP guided therapy
MABP can be increased to improve the SCPP and this strategy 
is widely used in clinical practice. A target MABP is maintained 
following SCI to maintain spinal cord perfusion. A target 
MABP of 85–90 mmHg is most commonly followed.[26–29] It 
usually requires administration of intravenous fluids and 
inotropic agents to maintain MABP at this level.[30] It is always 
not safe to administer IVF and inotropes, especially in elderly 
patients and others who might have constrained cardiovascular 
reserves.[31] ITP and SCPP have been shown to independently 
predict improvement following SCI at 9 to 12 months.[28] One 
study showed that it is SCPP and not MAP which correlates 
with neurological recovery.[32] Hence, the focus is now shifting 

Figure 2: Intraoperative pictures after laminectomy and lateral mass screw 
insertion, (a) Codman pressure (arrow head) sensor being inserted, (b) spinal cord 
bulging out of the durotomy (arrow head) defect, (c) after duraplasty (arrow head) 

done using the patch
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to SCPP directed therapy. A recent study used lumbar drain to 
deliver standardized SCPP (>65 mmHg) goal‑directed therapy 
in patients with acute SCI.[6] Phang et al. demonstrated that the 
outcome improved in some patients of SCI after increasing 
SCPP as assessed using motor evoked potentials and a limb 
motor score.[1]

Is laminectomy alone sufficient in adequate decompression 
of the spinal cord?
Werndle et al. found that spinal realignment and laminectomy 
did not effectively lower the ITP pressure.[22] They stated that 
laminectomy decompressed the thecal sac but the dura can 
still compress the spinal cord resulting in increased ITP. In 
their study, ITP was high (>20 mmHg for ≥12 h) and SCPP 
was low (<60 mmHg for ≥12 h) in 9 of 11 patients after 
laminectomy. They also observed that pressure over the 
skin over the laminectomy area results in rise in ITP. Phang 
et al.[1] also found that the ITP is still high after laminectomy 
decompression after acute SCI and laminectomy with 
durotomy can achieve complete decompression.

Kwon et al.[15] randomized 22 patients with acute spinal cord 
injury to monitor the effect of cerebrospinal fluid drainage 
on ITP. They observed that there was rise in ITP following 
decompression of thecal sac (reduction of subluxation and/or 
laminectomy). They hypothesized that there is compression 
of the thecal sac and the spinal cord caused by the bone or 
extruded disc due to spinal cord injury which results in 
obstruction of the normal CSF flow across the compressed 
segment resulting in a pressure gradient with high pressure 
cranially. However, after decompression, the pressure 
equilibrates and the increased pressure in the rostral part is 
transferred to the caudal part. Moreover, the swollen spinal 
cord abuts against the dura resulting in persisting CSF block 
and raised ITP.[15]

Role of duraplasty
The other strategy which is finding its way into the surgeon’s 
armamentarium is durotomy at the site of injury and expansile 
duraplasty. This can be particularly effective as it removes the 
tough dural barrier which causes pressure over the swollen 
spinal cord and damages it further.[13] Taking the corollary of 
head injury and raised ICP, doing laminectomy is like doing 
a craniectomy and not opening the duramater. As durotomy 

leads to effective decrease in ICP, similarly ITP should decrease 
when laminectomy is combined with durotomy.

Another viewpoint is that there is difference in the structure 
of cranium and spinal column; hence, findings of one cannot 
be extrapolated to the other. It was thought that spinal column 
being a longitudinal structure, there occurs shift of CSF from 
the injured site cranially and caudally unlike in cranium where 
there is herniation of tonsils or uncus.[10] But, in clinical practice, 
this has not been found to be true. Many authors studying the 
pathophysiology of spinal cord damage following SCI have 
recommended expansile duraplasty.[7,21]

Zhu et al.[12] described their experience of duraplasty in adult 
patients with severe spinal cord injury without radiographic 
abnormality (SCIWORA). They included 16 patients with 
SCIWORA who underwent decompression and duraplasty 
within 72 h of injury. There was spinal cord edema in 9 patients 
while 7 patients had hemorrhage or contusion on MRI. 
American spinal cord injury impairment scale (AIS) was used 
for evaluation. They found that that the ITP was high after 
laminectomy and it decreased gradually after duraplasty. The 
subjects in their study involved 1 patient with ASIA A injury, 
while the rest of the patients were ASIA B (n = 12). At the 
last follow‑up, AIS improved by 1 grade in 3 cases, 2 grades 
in 11 cases, and 3 grades in 1 case. Few of their cases had 
intraspinal contusion or hemorrhage, which usually portends 
a poor prognosis in SCI but there was some improvement 
seen in even these patients. They concluded that durotomy 
decompresses the spinal cord and helps in improving the 
outcome.

Phang et al. [1] studied 21 patients with traumatic SCI 
(cervical and thoracic) in a prospective trial. Eleven patients 
underwent laminectomy alone (laminectomy group) and 
10 had laminectomy and duraplasty (duraplasty group) in 
addition to re‑alignment of the fracture and fixation. Seven 
patients had ASIA A injury in the duraplasty group. They 
found that the duraplasty group had lower ITP, higher SCPP, 
and improved vascular pressure reactivity, greater increase 
in intradural space at the injury site, and more effective 
decompression of the injured cord as compared to laminectomy 
group. Change in ASIA grade, walking ability, bladder 
function, and bowel function were better in the duraplasty 

Figure 3: (a) CT cervical spine sagittal reconstruction showing normal alignment of cervical vertebrae with no apparent canal compromise, (b) CT coronal reconstruction 
showing sagittal split fractures of C4, C5, and C6 vertebrae, (c) CT scan sagittal reconstruction paramedian section showing fracture of C1 lateral mass and C3 facet, and 
distracted facet joint of C4 and C5, (d) postoperative MRI T2 sagittal section showing thinned spinal cord with CSF spaces well seen anterior and posterior to it with large 

pseudomeningocele
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versus the laminectomy group, though the difference was not 
statistically significant. Though they did not provide the data 
regarding extent of improvement in patients who were ASIA 
A, duraplasty group had pseudomeningocele in five patients 
and CSF leak in one patient.

Our first patient improved in the first week of surgery while 
the second patient took few months to show improvement. 
This could be due to the long duration between trauma and 
surgery in the second patient. Age and other systemic factor 
might also have a role to play in this. Rate of improvement in 
ASIA A patients is less than 1% after standard therapy and 
therefore addition of durotomy and duraplasty offers hope in 
this subset of patients.[33,34]

Limitations
The first limitation of our study was that it was only a 
preliminary study involving 2 patients and further studies, 
preferably randomized controlled trials, are required to get 
level 1 evidence. Second, we did not measure the intrathecal 
pressure in the second patient. It would have been better to 
observe the change in the ITP following laminectomy and 
duraplasty.

Conclusion

Durotomy and duraplasty may be offered to all patients 
with complete spinal cord injury who are undergoing 
instrumentation. We found significant improvement in our 
two patients which might not be reproducible in every case. 
However, multicentric randomized studies involving a greater 
number of subjects will be required to confirm the perceived 
benefits of this novel procedure in complete SCI.
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