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Abstract 

CSF leak is one of the most common complications in primary spine 
surgery. It is even more common in revision surgery. Its causes 
are multifactorial. It is usually a benign process, but at times it can 
lead to nerve injury. There have been a number of case reports 
regarding diagnosis and treatment of spinal nerve injuries due to 
incidental durotomies. However, they involve either single nerve 
root or ipsilateral nerves of the cauda equina that were trapped 
in the durotomy. We present a case of a morbidly obese patient 
who underwent discectomy for recurrent lumbar disc herniation. 
During the revision surgery, we encountered a small incidental 
durotomy through which a significant number of nerve roots 
exited and as a result were injured. This resulted in bilateral nerve 
dysfunction, which is a unique aspect of our case presentation. 
We will discuss the anatomical and pathophysiological bases 
for this injury. We will also review the literature regarding 
outcomes after incidental durotomies in regard to spinal nerve  
injuries.
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Introduction
Lumbar discectomy is one of the most common spinal procedures 

performed. The typical risks associated with this type of surgery 
include nerve injury resulting in paralysis or numbness of the legs, 
loss of bowel and bladder function, and cerebrospinal fluid (CSF) 
leak associated with incidental durotomy (ID). Of these risks, CSF 
leak has the highest rate of occurrence at about 1 to 13% [1-6]. That 
risk increases dramatically to 13.2 to 17% during revision surgery 
[7-9]. The most common reason seems to be the more challenging 
dissection due to the addition of scar tissue or altered anatomy. The 
nerve roots may be particularly vulnerable when exposed during 
surgery, and especially more so in cases of ID. Some of the means 
of injury include transection, compression, traction, and entrapment 
[10-12]. Most injuries involve either single or unilateral nerve root 
injuries. We present a case where an ID led to multiple bilateral nerve 

root injuries. We will discuss the anatomical and physiological bases 
for this injury and review the literature regarding nerve injury in 
cases of CSF leak.

Case Presentation
History and examination

A 63-year-old morbidly obese patient presented with sudden 
onset of severe right hip and anterior thigh pain that started about 
9 or 10 months prior to presentation. His pain had progressively 
worsened to the point that he had recently started using crutches. His 
pain was exacerbated by any movement of the leg and relieved by 
lying down. He had tried conservative measures without any benefit. 
Significant finding on examination included right iliopsoas muscle 
weakness at 4/5 and decreased sensation in the right anterior and 
lateral thigh. Straight leg raising was positive on the right side. He 
used his crutches as well as assist of another person to ambulate. His 
BMI was 45. The MRI of the lumbar spine showed a large right L1-2 
disc herniation (Figures 1A and 1B). 

Operative course

He underwent a right L1-2 laminectomy and sequesterectomy. 
Immediately after surgery, he had significant improvement of his 
symptoms. However, eleven days after surgery, he was leaning forward 
and felt a pop in his back and experienced an acute onset of moderate 
to severe pain in his lower back radiating to his right thigh. Despite 
physical therapy, his symptoms progressively worsened. On 
examination, he demonstrated weakness of the right iliopsoas and 
knee extension at 4/5 and significant difficulty ambulating. There 
was persistence of numbness in his right anterior and lateral thigh 
as well. A repeat MRI demonstrated recurrence of the right L1-2 
disc herniation as well as granulation tissue around the surgery 
site (Figures 2A and 2B). Because of his significant symptoms, 
he chose to undergo surgery. The procedure was performed in 
a similar manner as the first time. He was placed on a Jackson 
table in order to decompress the abdominal contents as much as 
possible. The previous incision was made and carried down to 
the residual L1 and L2 lamina. The laminectomy was enlarged 
so that access around the dura through the lateral recess could 
be obtained. A large extruded fragment was then encountered 
and removed. Given that this patient experienced recurrent disc 
herniation in such a short interval, decision was made to perform 
a discectomy as well in order to possibly decrease the chance of 
a subsequent disc herniation. However while trying to expose 
the annulus bluntly, an incidental durotomy was encountered. 
Immediately, CSF and multiple nerve roots exited through this 
very small opening. The nerve roots were reduced back into the 
dural sac, and the durotomy was closed with one simple stitch. 
The repair was covered with DuraGen and DuraSeal. 

Post-operative course

The patient experienced multiple nerve root injuries immediately 
after surgery. His examination demonstrated left iliopsoas and knee 
extension at 3/5 and trace movement distally. On the right side, the 
iliopsoas and knee extension were 2/5, and there was slightly more 
movement in the toes than on the left side. There was no movement 
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Discussion
Neural anatomy of the conus and cauda equina

The spinal cord terminates at the conus which is usually located 
at about the L1 or L2 vertebrae. Throughout the length of the spinal 
cord, a pair of ventral and dorsal rootlets emerge from each side of the 
spinal cord. The respective ventral and dorsal rootlets join together 
forming the nerve roots. Just distal to the dorsal root ganglion, the 
anatomy of the spinal nerves changes to that of peripheral nerves. The 
nerves then exit at their respective neural foramen. 

One of the unique anatomical aspects of the nerves of the cauda 
equina is that they share more in common with the central nervous 
system (CNS) structures than they do with peripheral nerves. 
Peripheral nerves axons are encased in endoneurium provided by 

in the rest of the muscle groups. Sensation was decreased in both feet 
more so than the thighs. Bowel and bladder function were intact. 
He was essentially bedridden at this time. Aggressive physical 
and occupational therapy were instituted. He also developed 
neuropathic pain which was treated with gabapentin. Over the 
next 4 months, his examination progressively improved to the 
point that his left leg was intact except for tibialis anterior which 
was 0/5 and the right leg was 0-1/5 except gastrocnemius which 
was 5/5. Sensation had returned to normal. Functionally, he had 
become modified independent with sit-to-supine and supine-
to-sit, rolling side to side, and slide board transfers. He needed 
minimal assistance with sit-to-stand and stand-to-sit activities. He 
was also able to ambulate up to 85 feet with a right knee brace 
and a walker. Over the next three months, his right proximal leg 
strength also improved to antigravity level.

Figure 1: Sagittal and axial T2- weighted images of the lumbar spine prior to the first surgery depicting large L1-2 disc herniation.

Figure 2: Sagittal and axial T2- weighted images of the lumbar spine prior to the second surgery depicting recurrent large L1-2 disc herniation.
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Schwann cells. A bundle of axons form a fascicle which are covered by 
perineurium. The fascicles are grouped together to form a peripheral 
nerve which is covered by epineurium. On the other hand, the axons 
of the nerves of the cauda equina are encased by oligodendrocytes. 
The nerves are then covered by pia and arachnoid, bathed in CSF, 
and encased in dura. This transition occurs just distal to the dorsal 
root ganglion [13-15]. Furthermore, the nerves of the cauda equina 
are loosely encased by the arachnoid membrane in such a manner 
that allows them to maintain a very consistent orientation. The nerves 
that are about to transition to peripheral nerves and exit the neural 
foramen are situated most anterolaterally and the coccygeal nerves 
are situated most dorsally. All the other nerves are arranged in order 
between them. As each nerve approaches its respective foramen, it 
takes the most anterolateral position [13,16,17]. The loose arachnoid 
membrane as well as the redundancy in the nerves provide for a 
significant degree of vertical movement of the nerves. These are 
essential characteristics that allow for full range of motion of the 
spine, hips, and legs without causing stretch injury to the nerves.

Vascular anatomy of the conus and cauda equina

The arterial supply of the spinal cord is through the anterior 
spinal artery (ASA) and a pair of posterior spinal arteries. The 
ASA and its perforating branches provide the vascular supply to 
the anterior 66-75% of the spinal cord. The ASA is actually not a 
single continuous artery. Each segment is supplied by an anterior 
radicular artery. The main anterior radicular artery supplying the 
lower segment of the cord is called the artery of Adamkiewicz. This 
artery usually arises in the region between the dorsal branch of the 
left posterior ninth intercostal artery and first lumbar artery. The ASA 
gives rise to sulcal branches which run deep in the anterior sulcus 
and supply most of the grey matter. It also contributes to the vasa 
corona, a rich anastomotic plexus supplying the surface of the cord. 
In the lumbosacral section of the cord, the vasa corona gives rise to 
a pair of accessory anterolateral longitudinal arteries (ALA’s) which 
run adjacent to the rootlets as they emerge from the cord. The ALA’s 
give rise to the anterior proximal radicular arteries which continue 
as the longitudinal radicular arteries supplying the nerve rootlets. 
The longitudinal radicular arteries give off acute angled, coiled 
collateral arteries which provide blood flow to the intrafascicular 
arteries supplying the fascicles of the nerve bundle. The coiling in the 
collateral arteries is a post-natal adaptation that allows these blood 
vessels to “unwind” in response to the differential movement of the 
fascicles so that blood flow is not disrupted [14,18,19]. 

The posterior spinal arteries (PSA’s) run adjacent to the root 
entry zone. Their blood supply is derived from the segmental arteries 
through the posterior radicular arteries. The PSA’s are not continuous 
and depend on multiple small caliber posterior radicular arteries. 
At the conus, the ASA and the PSA’s form a cruciate anastomotic 
arcade [18,20]. The PSA’s also contribute to the vasa corona. The vasa 
corona not only provides vascular support to the posterior columns, 
but also to the peripheral white matter of the cord. The vasa corona 
also gives rise to the dorsolateral longitudinal arteries which supply 
the proximal aspect of the dorsal rootlets [14].

As described above, the rootlets and the proximal portion of 
the nerves of the cauda equina derive their blood supply from the 
proximal longitudinal radicular arteries. However, the distal aspect 
of the nerves receive their blood supply from the lumbar and sacral 
radicular arteries. As described by Parke et al., this opposing blood 
flow arrangement supplying each spinal nerve sets up a watershed 

zone that is very susceptible to ischemic injury [14,19]. The lack 
of collateral flow is especially important in cases of multiple 
compressions along the nerves [15].

The venous system of the spinal cord is a complex array of 
valveless plexi connecting the anterior and posterior spinal veins to 
the inferior vena cava (IVC). The spinal veins connect to the anterior 
and posterior radicular veins which in turn connect to the epidural 
venous system. The venous system connecting the epidural plexus of 
veins to the retroperitoneal veins was first described by Breschet but 
is commonly known as Batson’s plexus because of his description of 
the anatomy and function of the system. There are three components 
to Batson’s plexus, namely the internal venous plexus which is located 
in the epidural space, the basivertebral veins which travel through 
the vertebral bodies, and the external vertebral venous plexus which 
is located at the periphery of the spinal column [21]. The external 
vertebral plexus system communicates through the intercostal, 
lumbar and sacral veins to the azygous and hemiazygous veins which 
in turn terminate at the IVC [22]. There are numerous arteriovenous 
anastomoses between the radicular arteries and veins [14,23,24]. 
This system of shunts seems to be a protective mechanism allowing 
continued arterial flow and venous drainage in case of venous 
compression at one site along the nerves. 

Physiologically, the venous system acts as a valveless reservoir 
that allows for redistribution of blood in response to certain pressure 
changes. This unique bidirectional plexus transmits intrathoracic and 
intraabdominal pressures toward the central nervous system and 
vice versa. This can have a profound effect on intracranial pressure 
(ICP) as a change in visceral cavity pressure will cause a change in 
ICP [21,24,25]. The ICP is further regulated by the absorption of 
CSF into the venous system. Studies have shown that at the spinal 
level, this occurs through the arachnoid villi which are situated at 
the level of radicular veins [26,27]. However, this process is pressure 
mediated, and therefore, high venous pressure leads to decreased CSF 
absorption [28].

Nerve damage during incidental durotomy

Intraoperative nerve damage may be categorized as direct or 
indirect. Direct nerve damage can occur during nerve manipulation, 
laceration, or entrapment. Nerve manipulation includes nerve 
traction which can lead to stretch injury, or nerve compression which 
typically occurs by an instrument. Nerve manipulation, even if not 
excessive, can lead to battered lumbar nerve root syndrome resulting 
in neuropathic pain, numbness, and weakness. Nerve laceration can 
occur during drilling, electrocauterization, or instrumentation [29]. 
Nerve entrapment is frequently encountered as a result of unrepaired 
dural tear allowing either a single or a few nerve roots to herniate 
through and get trapped at the dural opening [10-12,30-32]. Indirect 
injuries are usually vascular, including arterial or venous compression, 
hypovolemia, and hypotension [29]. Regardless of etiology, all these 
mechanisms of nerve injury typically present with pain, weakness, 
and numbness. Williams et al. evaluated over 100,000 surgical cases 
submitted to the Scoliosis Research Society and found that there 
was a three-fold increase in the rate of post-operative neurological 
deficit in cases involving ID compared to those without ID, which was 
significant. Furthermore, 64% of those patients realized only partial 
or no recovery of their deficits [6].

 Another factor that can affect the incidence and severity of 
intraoperative nerve damage is the patient’s body habitus as it relates 
to intraoperative positioning and its effect in the ICP. Burks et al. 
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studied the rate of ID in morbidly obese (BMI greater than 40 kg/m2), 
obese (BMI between 30 to 40 kg/m2), and non-obese patients. They 
found that in the cases of initial or revision lumbar decompression, as 
well as initial or revision lumbar fusion, the rate of ID was significantly 
increased in the morbidly obese and obese groups compared to the 
non-obese group [33]. One reason for this finding seems to be the 
increased ICP in obese patients. Roth et al. measured ICP of trauma 
patients with intracranial monitors in the supine and prone position. 
They found an increase of ICP from an average of 9.5 mm Hg in the 
supine position to 15.4 mm Hg in the prone position despite proper 
positioning [34]. This was statistically significant. Robba et al. studied 
30 volunteers with an average BMI of 24.7 kg/m2 undergoing elective 
spinal procedures and found that by simply turning them prone, indirect 
measurement of ICP increased from an average value of 7.07 mm Hg 
to 14.83 mm Hg [35]. Again, this finding was despite proper surgical 
positioning. Since intraoperative abdominal decompression is so critical, 
a number of frames and tables have been designed for that purpose. We 
prefer to use the Jackson table because it offers the most ample room for 
abdominal decompression especially for the obese and morbidly obese 
patients [36,37]. However, despite that, a patient with a BMI of 45 will 
experience increased ICP and be more prone to ID and CSF leak. 

One unique aspect of our case is the number and bilaterality 
of the spinal nerves that exited the small durotomy. We believe 
this to be multifactorial. The significantly increased ICP caused a 
substantial pressure gradient across the dura. Therefore, as soon as 
the small ID occurred, this pressure gradient forced some CSF as 
well as multiple spinal nerves, which were connected to each other 
by arachnoid membrane, out through the durotomy. This resulted 
in both direct and indirect nerve injuries as loops of nerves exited 
the small durotomy. As each nerve root was forced through the small 
opening, it experienced significant compression at both the exit 
and re-entry points by other nerves as well as the dural edge. This 
mechanism of injury was previously reported by Chang et al. as well 
as Oterdoom et al.; however, in their case report, all the cauda equine 
nerve herniations and strangulations were unilateral [10,32]. Direct 
compression of nerves results in disruption of axonal flow and damage 
to the myelin sheath thus resulting in nerve edema and dysfunction. 
Furthermore, the multiplicity of the areas of compression along 
each nerve decreases the chance of recovery. Indirect injury from 
vascular compromise also occurred due to the two separate points 
of compression along each herniated nerve. Parke et al. and Parke et 
al. point out that not only is there no collateral arterial supply to the 
spinal nerves, the main arterial supply is scant and highly susceptible 
to disruption [14,19]. This is even more prominent in cases where 
there are two points of arterial compression. In this case, there is 
complete loss of blood flow from both the proximal and distal aspects. 
This creates an area of nerve ischemia and possible death. As discussed 
above, there are also a significant number of arteriovenous fistulas 
along the length of the nerves. Reverse flow through these fistulas 
could potentially avoid or minimize ischemia in cases where there is 
only one point of compression. However, in our case, there were two 
points of compression in each nerve which completely prevented any 
blood flow to that segment of nerve that had exited and re-entered 
the dural sac. This lack of blood flow adds to the injury suffered from 
direct neural compression. It is for these reasons that not only in our 
case, but in literature in general, where recovery is limited [10,12,30].

Conclusion
Our case adds to the literature of incidental durotomies resulting 

in nerve injuries. We discuss some of the factors involved as well as 

the anatomical and pathophysiological correlations to such nerve 
injuries. Our case is unique in that it is the first reported case of 
multiple nerve herniation through the durotomy defect leading to 
bilateral nerve injuries. 
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