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ABSTRACT 

 

Spinal durotomy, whether incidental or intentional, requires a watertight closure to prevent 

potentially significant complications. As a result of relatively recent technological advancements 

and research, spine surgeons now have many options for both intra-operative dural repair as well 

as managing post-operative cerebrospinal fluid (CSF) leak. This review presents a comprehensive 

overview of the current and historical treatment strategies in the management of spinal durotomy. 

Intra-operative treatment of intentional and incidental durotomies through a variety of available 

dural sutures, dural sealants and other patches and grafts as well as post-operative CSF leak 

management strategies including conservative measures, epidural blood patches, CSF diversion 

therapies and definitive surgical repair will be presented.  
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INTRODUCTION 
 

Spinal surgery often results in dura or 

arachnoid membranes opening around the 

spinal cord whether intentionally or 

incidentally.  Several potentially serious 

consequences have been reported in literature 

as a result of durotomies. In instances when 

durotomies are not properly closed or go 

unrecognized, patients can present with 

dizziness, nausea, postural headaches, 

vertigo, neck pain, meningismus, diplopia, 

photophobia, tinnitus, blurred vision.52 Other 

potentially serious complications include 

wound breakdown, development of a 

pseudomeningocele, meningitis, 

hydrocephalus, arachnoiditis, and even 

death.51 

Given the wide-ranging and 

sometimes serious complications of spinal 

durotomies, effective management strategies 

to reduce and even potentially eliminate such 

consequences are important. It is useful to 

discuss management of spinal durotomies by 

first categorizing them into iatrogenic and 

traumatic causes. Iatrogenic durotomies can 

be encountered incidentally or intentionally. 

Although unintended durotomies occur 

commonly during posterior lumbar surgeries, 

they can occur anywhere along the spine 

from the cranio-cervical junction down to the 

sacral levels where the spinal dura ends. 

When accessing intradural tumors, the dura is 

opened intentionally, thus increasing the risk 

of potential post-operative CSF leak. Spinal 

durotomies resulting from trauma (such as 

motor vehicle accident or gunshot wound) 

can be challenging to treat since they often 

result in more complicated dural tear and 

robust treatment strategies are not well 

established in literature. 

Finally, durotomy management also 

varies among surgical approaches to the 

spinal dura, namely open surgical approaches 

versus minimally invasive strategies and 

anterior versus posterior techniques. 

Understandably, repairing an anterior 

durotomy while accessing the anterior 

cervical spine requires an entirely different 

approach than when one encounters a dural 

tear while performing a lumbar 

microdiscectomy.  

 

INCIDENTAL DUROTOMY 

EPIDEMIOLOGY 

 

Intra-operative, incidental durotomy, 

particularly in lumbar spinal surgery, can be 

a common occurrence. Rates of unintended 

durotomy vary widely in literature, ranging 

from 0.3% in lumbar discectomy to almost 

35% in a single retrospective study. 1,2 

Durotomy rates understandably vary among 

open and minimally invasive spine surgeries 

with one recent systematic review citing a 

durotomy rate of 8.11% in open-approach 

surgical techniques for lumbar degenerative 

conditions (range 2% – 20%) and a durotomy 

rate of around 7% in minimally-invasive 

techniques3. However, the authors did note 

that there were inconsistently applied 

definitions of “durotomy” in minimally 

invasive case series and therefore reported a 

wide range of 1% to 14% for the incidence.  

The incidence of intra-operative, 

incidental durotomy in cervical spine surgery 

is considerably lower than in thoracic or 

lumbosacral surgeries.4,5 This is presumably 

from the fact that surgeons are more likely to 

manipulate the dura around the cauda equina 

than around the spinal cord at cervicothoracic 

levels, which in turn leads to a higher 

incidence of incidental durotomy. Incidence 

of CSF leaks in elective anterior cervical 

spine surgery ranges from 0.3% to 21.4%. 6,7 

As expected, the incidence is higher with 

calcified lesion adherent to dura.  In a single-

institution case series, there was a marked 

difference in the incidence of CSF leaks 

between patients with ossified posterior 

longitudinal ligament (OPLL) (18.8%) and 

cervical spondylotic myelopathy (CSM) 
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(0.5%). 8 The data for the incidence of 

thoracic durotomies is sparse in literature, but 

Sun et al. studied 266 patients with thoracic 

ossification of the ligamentum flavum and 

noted that almost one third of those patients 

had durotomy.5,7  

 

INTRA-OPERATIVE CLOSURE 

TECHNIQUES 

 

Intra-operative dural repair strategies 

will be discussed first since identifying and 

promptly addressing a dural violation, 

whether intentional or incidental, is the first 

step to preventing future complications. 

Although subject to some debate an 

important maxim in neurosurgery is ensuring 

a “watertight” seal of dura.9 Due to the 

unique biomechanical properties of dura 

mater which tends to be fragile or 

inaccessible location of durotomy, perfect 

watertight closure is often difficult. The goals 

of a sufficient dural repair is to effectively 

contain neural elements, prevent 

pseudomeningocele and CSF fistulas and 

thus allow early mobility of the patient. The 

actual treatment of the durotomy varies 

according to the size and anatomic location 

of the tear. Generally, if the durotomy is 

accessible, primary repair is recommended 

and if not accessible, then observation, glue, 

or CSF diversion therapies are used. 29,30 

Many dural repair techniques have been 

described in literature such as direct suturing, 

use of sealants to augment sutures, laser 

tissue welding, bioabsorbable staples, and 

different types of grafts and patches.  It is, 

therefore, helpful to arrange dural repair 

strategies into three main categories: dural 

sutures, dural sealants, dural patches or 

grafts.31,32,33,34,35,36. Despite all of the 

numerous options available to the spine 

surgeon for dural closure, there is no clear 

consensus regarding the most effective 

method. 

 

Dural Sutures 

 

Neurosurgical literature is replete 

with various suturing techniques and 

materials to achieve the often elusive 

watertight dural closure. Four main suture 

materials are used almost universally by 

spine surgeons to primarily repair dura, 

namely Nurolon® (Ethicon, Inc., 

Sommerville, NJ), Prolene® (Ethicon, Inc., 

Sommerville, NJ), Gore-Tex® (W. L. Gore 

& Associates, Inc., Flagstaff, Arizona) and 

Silk. Nurolon is a non-absorbable, braided 

suture composed of the long-chain aliphatic 

polymer of Nylon 6 or Nylon 6,6. It is noted 

to have 81% tensile strength at 1 year, 72% at 

2 years, and 66% at 11 years and elicits 

minimal acute inflammatory reaction. 24 

Prolene is a non-absorbable monofilament 

suture composed of an isotactic crystalline 

stereoisomer of polypropylene, a synthetic 

linear polyolefin. This material does not 

adhere to tissues, is biologically inert, and 

elicits minimal tissue reaction and maintains 

tensile strength for up to 2 years.21 Gore-Tex 

suture is a microporous, non-absorbable 

monofilament made of expanded 

polytetrafluoroethylene (ePTFE) and its 

unique structure allows the attachment of 

needles that approximate the diameter of the 

thread and is therefore thought to fill the 

entire needle hole, thus reducing CSF leak at 

the suture site.22,23 Finally, silk suture is made 

of raw silk spun by silkworms and, although 

classified as non-absorbable, silk suture 

becomes absorbed by proteolysis and is often 

undetectable in the wound site by 2 years. In 

earlier neurosurgical literature, silk suture 

was routinely used to close dura although 

such practice is not as widely used and has 

been supplanted by Nurolon, Gore-Tex or 

Prolene sutures. 

A recent biomechanical study 

demonstrated that dural closure techniques 

using Gore-Tex suture resulted in a higher 

mean CSF peak pressure at which fluid 
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leakage was observed (34 cm H20) when 

compared to closing with Nurolon suture (21 

cm H20). In fact, in this study, for each of the 

three groups by closure technique (running, 

locked continuous, and interrupted) Gore-

Tex closures had a significantly higher peak 

pressure to failure than Nurolon closures.20 In 

another recently published paper by 

Bakhsheshian et al., the authors studied 

cadaveric specimens and were able to show 

that 6-0 Prolene dural closures had 

significantly higher mean pressure thresholds 

for CSF leakage than dural closures with 4-0 

Nurolon.25 To date, there are no studies 

comparing Gore-Tex with Prolene. 

Different suturing techniques for 

dural closures have also been studied, albeit 

in only a handful of published papers. 

Megyesi et al., showed that particularly in 

small linear incisions, simple interrupted silk 

suturing was superior to either simple 

running, running locked or interrupted 

vertical mattress techniques.26. However, in 

the same study, no suturing technique proved 

advantageous for the closure of a duraplasty. 

Yet another paper studied 6-0 Prolene in both 

simple running and simple interrupted and 

found no significant difference between 

leakage pressures.27 

 

 

Dural Sealants 

 

Dural sealants have been developed 

to reduce CSF leakage by augmenting dural 

closure. Commercially available dural 

sealants come in two types: synthetic 

absorbable sealants consisting of 

polyethylene glycol (PEG)-based polymers 

and biological absorbable fibrin-based 

sealants made from allogenic or autogenic 

fibrinogen in combination with thrombin and 

other hemostatic factors. Both types are 

available in liquid forms and patches and 

different formulations of each are used in 

both cranial and spinal surgery. 

Among fibrin-based sealants, liquid 

glue formulations include Tisseel® or 

Tissucol™ (Baxter, Deerfield, IL, USA), 

Evicel® (Ethicon US, LLC), and dry patch 

products such as Tachosil® (Baxter, 

Deerfield, IL, USA) and Tachocomb® (CSL 

Behring, Tokyo, Japan). Tisseel consists of 

two active components with one component 

containing human fibrinogen and aprotinin 

while the other containing human thrombin 

and calcium chloride dihydrate .37 When the 

two components mix via an applicator, the 

fibrinogen and thrombin combine to form a 

fibrin clot that adheres to tissue and provides 

hemostasis and acts as a biological glue. 

Evicel is a newer fibrin-based sealant derived 

from pooled human plasma and contains two 

components: Biological Active Component 

2, mostly comprising cryoprecipitate, and 

thrombin. Evicel has been studied in a Phase 

3 randomized control study completed in 

2017 and has been shown to be effective as 

an adjunct to dural sutures to provide 

watertight closure of the dura mater in cranial 

surgery.38 However, for Tisseel, the 

manufacturer’s insert clearly states, “The 

safety and effectiveness (of Tisseel) used 

alone or in combination with biocompatible 

carriers in neurosurgical procedures or other 

surgeries involving confined spaces have not 

been evaluated, and its use in this setting is 

not approved by the FDA.  

Neurosurgical literature has been 

mixed in terms of fibrin-based sealants’ 

ability to augment sutures and achieve 

watertight dural closure and prevent post-

operative CSF leaks. Jankowitz et al. showed 

in a retrospective case series of patients 

undergoing posterior lumbar spine surgery 

and experiencing an incidental durotomy that 

the use of fibrin sealant to augment dural 

sutures did not significantly decrease the 

incidence of a persistent CSF leak when 

compared to sutures alone.39 In that paper, 

fibrin sealant was used during 278 of 

incidental durotomy cases (50.8%) to 
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augment the dural closure. No significant 

difference in CSF leak was noted between the 

use of fibrin sealant, 33/278 (11.9%) and 

without, 31/269 (11.5%). At this time, there 

are no published studies studying treatment 

of intraoperative incidental durotomies in the 

spine with fibrin-based sealants. In a 

randomized control trial, Green et al., studied 

fibrin sealants in the setting of elective 

cranial surgery. The primary endpoint in that 

2015 study was the percentage of patients 

attaining intraoperative watertight dura 

closure. This endpoint was met in 92.1% of 

fibrin sealant managed patients and 38% of 

those managed with just sutures (p<0.001). 

However, this significant difference had no 

effect on the frequency of postoperative 

leaks, which occurred in 6.7% of fibrin 

sealant patients and 2% of the suture control 

group.38 

Among the synthetic PEG-based 

sealants, DuraSeal® Exact (Integra Life 

Sciences, Plainsboro, NJ) and Adherus® 

(Stryker, Durham, NC) spinal sealant 

systems have established safety and efficacy 

in their respective prospective, randomized, 

controlled, multicenter trials.  DuraSeal® 

Exact spine sealant (DESS) is an absorbable 

PEG hydrogel developed for use as a sealant 

in spinal dural repair. DESS was developed 

by modifying the original DuraSeal to a new 

low-swell formulation to obviate 

neurological complications due to mass 

effect were reported with use of DuraSeal in 

the spine 10,11. The Adherus Dural Sealant 

consists of a modified PEG polymer with 

terminal electrophilic ester groups and a 

polyethyleneimine (PEI) solution with a 

component containing nucleophilic amine 

groups. These two solutions combine to form 

a solid, absorbable biocompatible PEG-based 

hydrogel.12  

DuraSeal exact has been studied 

extensively and is currently the only FDA-

approved secondary agent for dural closure in 

the spine.40 A recent multicenter non-

randomized, prospective postapproval study 

by Kim et al. evaluated DESS in both 

incidental and intentional durotomies and 

demonstrated no significant difference in 

CSF leakage rate between the control 

(standard of care) and DESS groups.41 

Although the rates of deep surgical site 

infections and neurological serious adverse 

events were similar in both groups, the 

authors did find a higher rate of superficial 

skin infection in DESS group (2.8%) when 

compared to the control group (0.5%). 

Nevertheless, the study did establish non-

inferiority of DESS to current standard of 

care. 41  Adherus Dural Sealant is currently 

being investigated in comparison with 

DuraSeal in a randomized control trial. 

 

 

Dural Substitutes 

  

Numerous materials are currently in 

use for dural substitutes for both cranial and 

spinal areas. An ideal dural substitute restores 

the continuity of the dura mater, prevents 

CSF leaks while minimizing infection, 

facilitates suturing, mimics the compliance of 

natural dura, and minimizes local tissue 

inflammation and encourages the infiltration 

of cells and vasculature to reconstruct native 

dura without inducing fibrosis or adhesions.58 

Currently used dural substitutes include 

autograft, allograft, xenograft, and non-

biologic synthetic materials. Although dural 

substitues such as autologous pericranium, 

bovine pericardium, cadaveric dura, 

autologous fascia lata, muscle have been 

widely used in cranial surgery, spine surgery 

generally has relied on using animal-derived 

or synthetic substitutes. Some of the widely 

used dural substitutes include, but are not 

limited to, the following: Durasis, DuraGen 

or DuraMatrix, Durepair, DuraGuard, 

Alloderm, Preclude, and Neuro-Patch. 

Furthermore, Surgicel is sometimes used to 

augment some dural repairs.  
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Arguably, the most popularly used 

dural substitutes are collagen-based 

xenografts, namely DuraGen, DuraMatrix, 

and Durepair. DuraGen (Integra 

Neuroscience, Plainsboro, NJ) and 

DuraMatrix (Stryker, Kalamazoo, MI) are 

synthetic substitutes consisting of type I 

collagen matrix made from bovine achilles 

tendon. DuraGen has 20% more 

conformability than DuraMatrix while 

DuraMatrix has a 50 times lower liquid 

permeability rate than DuraGen.64,65 

DuraGen is perhaps now the most widely 

used dural substitute for spinal surgeries, 

presumably because it has more published 

clinical studies than all other dural collagen 

grafts combined.66 DuraGen’s porosity 

allows platelets to infiltrate the matrix and 

promote fibrin clot formation as well as 

fibroblasts to enter and lay down natural 

collagen fibers thus preventing CSF leakage 

and initiate the dural repair process. In 

humans, implanted DuraGen was completely 

resorbed within 1 year (often much earlier) 

and replaced by the host’s collagen derived 

from infiltrating fibroblasts.63 After over 10+ 

clinical trials and 1400+ patient later, it is 

reported to have a 0% foreign body response 

and a 1.9% infection rate along with a 2.1% 

leakage rate.67 Durepair (Medtronic Inc., 

Goleta, CA) contains type I and type III 

collagen produced from bovine skin.68 A 

recent biomechanical study has suggested 

that Durepair has between two to four times 

more tensile strength than cranial dura 

mater.69 

The Durasis (Cook Medical, 

Bloomington, IN) is derived from porcine 

small intestinal submucosa which is made by 

harvesting the layer between the mucosal and 

muscular layers and removing the cells, 

keeping the extracellular membrane intact. 

The resulting biomaterial is a naturally 

derived substitute that contains structural 

collagens, other bioactive proteins, and 

cytokines that guide host-tissue 

remodeling.60 Several animal models 

demonstrated that porcine submucosa is 

rapidly integrated into an organism’s 

surrounding tissues to form a new and 

completely natural tissue.61 Bejjani et al. in 

2007 demonstrated comparable rates of 

infection, CSF leakage, and meningitis of 

Durasis to other comparable dural substitute 

materials of that time and quickly was 

approved for use in both cranial and spinal 

applications thereafter. DuraGuard (Integra, 

Plainsboro, NJ) is prepared from bovine 

pericardium which is cross-linked with 

glutaraldehyde. Some surgeons prefer 

DuraGuard for its superior tear resistance and 

tensile strength that is beneficial when 

suturing.  

Alloderm is created from human 

donor skin but is an acellular tissue product 

that retains all of the original biochemical and 

structural components.70 Alloderm is not 

packaged with any chemical preservatives 

and quickly becomes vascularized and 

integrated with native dura.70 A study by 

Bower et al. found that the reoperation rate 

for cerebrospinal fluid leak in Chiari 

decompression surgeries causing 

pseudomeningocele was 2.2% with the 

AlloDerm graft and 17.1% with other 

materials such as DuraGuard, DuraGen, and 

Durepair.70 

Preclude and Neuro-Patch are 

synthetic dural substitutes. Preclude (W. L. 

Gore & Associates, Newark, DE) is made up 

of inert expanded polytetrafluoroethylene 

with 

a comparably inert elastomeric 

fluoropolymer in a three-layer construct.85 

Neuro-Patch (Aesculap Inc., Center Valley, 

PA) is a microporous fleece made from 

highly purified polyester urethane and is 

supposed to support rapid fibroblastic 

proliferation.83  

Surgicel (Ethicon, Inc., Somerville, 

NJ) consists of oxidized regenerated 

cellulose and is usually used as a fast, 
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hemostatic agent. When hydrated, the 

material swells into a brownish or black 

gelatinous mass that is fully absorbed in one 

week to fourteen days and causes almost no 

tissue reaction. The manufacturer also 

suggests that Surgicel is bactericidal in vitro 

against both anaerobic and aerobic bacteria.59 

Surgicel is often used with sutures or dural 

substitutes to increase the success of dural 

repair. A study by Haq et al., in which four 

dural substitutes (Surgicel, Durasis, 

DuraGen, and Preclude) were studied in an 

animal model with regard to post-operative 

adhesion and fibrosis-induced spinal cord 

tethering, found that DuraGen produced the 

least amount of inflammation in the 

subarachnoid space and Preclude generated 

the most.63  

 

POST-OPERATIVE CSF LEAKS AND 

PSEUDOMENINGOCELES 
 

Pathophysiology and Epidemiology 

 

It is important to recognize the 

difference in terminology when one refers to 

a “pseudocyst” or a “pseudomeningocele.” 

Unintended dural tears or intentional dural 

violations with an intact arachnoid mater can 

result in development of a true “pseudocyst” 

lined by arachnoid through the accumulation 

of CSF by a ball-valve mechanism.47,48 Dural 

tears with arachnoid violations that are not 

adequately repaired can lead to a one-way 

CSF flow into the extradural tissue, thereby 

resulting in a false cyst or 

“pseudomeningocele.” Miller et al. first 

categorized pseudomeningoceles and 

pseudocysts as congenital, iatrogenic, and 

traumatic in origin. 43 Although each type of 

pseudomeningocele/pseudocyst is 

theoretically possible from cranio-cervical to 

sacral levels, congenital 

pseudomeningoceles/pseudocysts have 

typically been described in thoracolumbar 

levels; iatrogenic pseudomeningoceles have 

mostly been described at lumbar levels; 

traumatic pseudomeningoceles have mostly 

been described in cervical spinal 

segments.44,45,46 

Congenital pseudocysts are 

associated with connective tissue disorders 

such as Marfan’s syndrome and also 

neurofibromatosis.45 Iatrogenic 

pseudomeningoceles form due to an 

incomplete closure of dural and arachnoid 

violations, thus causing CSF extravasation 

into paraspinal tissues. The vast majority of 

such CSF extravasations are self-limited and 

resolve on their own as the dura heals, 

particularly in small dural tears. However, in 

some cases, the extravasated CSF causes 

progressive reactive changes in the 

surrounding soft tissues and leads to non-

resorption of the fluid, thus contributing to a 

“false” pouch (pseudomeningocele).49 

Fortunately, pseudomeningoceles are 

uncommon iatrogenic complications of 

spinal surgery.42 The vast majority occur in 

the lumbar spine because the CSF in the 

lumbar thecal sac is under a much higher 

pressure when compared to cervical or 

thoracic spines. Furthermore, lumbar surgical 

procedures are much more common than 

thoracic or cervical ones and surgeons tend to 

manipulate the thecal sac a lot more often in 

the lumbar spine.47,50 The true incidence of 

pseudomeningocele after incidental 

durotomy is unknown since many cases are 

probably asymptomatic.55 Some older studies 

suggest the incidence of iatrogenic 

pseudomeningocele ranges between 0.068% 

as reported by Swanson et al. in 1700 

exploratory laminectomies to 2% as reported 

by Teplick et al in 400 laminectomy patients 

who underwent postoperative CT 

scanning.53,54 
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POST-OPERATIVE 

PSEUDOMENINGOCELE 

TREATMENT 

 

Thorough evaluation of preoperative 

neuroimaging studies, careful use of the 

Kerrison rongeur, proper microscopic visual 

assistance, and meticulous use of the surgical 

drill are all important techniques in avoiding 

dural tears and decreasing the risk of post-

operative pseudomeningocele. However 

when pseudomeningocele occurs, a variety of 

treatment strategies exist. 

 

Conservative Therapy 
   

Controlling CSF leak and preventing 

pseudomeningocele formation relies on 

impeding the flow based on the difference in 

subarachnoid and epidural pressure.81 

Conservative measures include 

Trendelenburg positioning, increasing local 

wound pressure, or abdominal binders.  

Direct pressure at the site of durotomy with 

pressure dressing or brace may counteract 

CSF egress through the area of least 

resistance.84  Common protocols include flat 

bed rest orders for lumbar or lumbosacral 

patients for 24 hours, or elevated head of bed 

for cervical and thoracic patients. Some 

authors also describe keeping a subfascial 

drain that would normally be placed 

intraoperatively for a longer period but off 

suction for several more days until drainage 

slowed.79 Inhibiting CSF formation with 

acetazolamide has also been described in a 

randomized clinical trial to stop CSF leak in 

cranial patients.82 However data is limited to 

the efficacy of azetazolamide for spinal 

durotomy and pseudomeningocele. In most 

cases, the presence of a pseudomeningocele 

inhibits wound healing and surgery may be 

required.   

 

 

 

Epidural Blood Patch 

 

Epidural blood patches (EBP) have 

long been used to relieve post-dural puncture 

headaches in patients who do not respond to 

conservative measures (bedrest, intravenous 

hydration, etc.) or in patients who present 

with spontaneous intracranial 

hypotension.13,14 EBP is a procedure in which 

a small volume of the patient’s own blood is 

injected into the epidural space in an attempt 

to “plug” any small dural openings. In recent 

years, attempts have been made to expand the 

applicability of EBP. There are have been 

limited case reports in literature describing 

the efficacy of EBP in treating post-operative 

pseudomeningoceles but there have been no 

robust large studies.15,16,17 It is thought that 

that the blood forms a clot over the dural tear 

and allows healing of the dura; furthermore, 

the clot in the epidural space raises extradural 

tissue pressure relative to subarachnoid 

pressure and decreases the gradient for CSF 

efflux.18 However, skepticism exists among 

some spine surgeons about the effectiveness 

of EBP in post-operative 

pseudomeningoceles since, unlike the 

situation with dural puncture procedures, the 

epidural space has been opened by the 

decompression procedure, and the blood 

injected during the blood patch procedure is 

no longer contained within the epidural 

space. A recent retrospective study reported 

an 84% success rate in resolving persistent 

pseudomeningocele-related headache, with 

an average follow-up of 22.3 months after the 

last injection.19 This study however was 

different than prior EBP-related studies in 

that the authors aspirated the 

pseudomeningocele and then applied the 

standard EBP. Nevertheless, the efficacy of 

EBP in post-operative pseudomeningoceles 

is not well established and more studies need 

to be performed. 
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Direct Repair 

 

 Definitive surgical treatment for post-

operative pseudomeningoceles and other 

CSF fistulas are usually recommended after 

failure of conservative measures or 

neurological symptoms that suggest 

myelopathy or radiculopathy.72 Ideally, the 

surgeon should make an adequate skin 

incision that encompasses the area of leak 

and dissection should adequately visualize 

the durotomy, usually under an operative 

microscope. The durotomy site must also be 

explored so that neural structures are not 

strangulated. The durotomy itself can be 

closed with or without a graft. For 

durotomies that are located far too lateral and 

inaccessible for direct primary closure, 

muscle or fat can be introduced into an 

intentional medial durotomy and then pulled 

into the defect.73 Some surgeons will 

augment the dural sutures with a variety of 

dural sealants. The paraspinal muscle and 

overlying fascia is closed in two layers; 

typically, subfascial drains or epidural drains 

or even epi-fascial drains are not routinely 

placed since they may lead to a continued 

communication between the intra- and 

extradural space and may be a source of 

infection. 

 

CSF Diversion Therapy 

 

Lumbar drains are often used in 

cranial surgeries when there is concern for 

persistent CSF leak. In transsphenoidal 

surgery perioperative lumbar drain used 

alongside vascular nasoseptal flap closure 

significantly reduces the rate of postoperative 

CSF leaks.74 However the benefit of lumbar 

drain after intraoperative spinal durotomy is 

not as clear.  

There is a paucity of literature 

describing specific indications for CSF 

diversion therapy after intraoperative CSF 

leak and no consensus on when to use a 

lumbar drain.  In patients with anterior 

cervical durotomies, Zhai et al described 

placement of a lumbar drain in 7 out of 14 

patients with a dural defect greater than 2mm. 

They recommend considering a lumbar drain 

when CSF leak is observed in the anterior 

cervical spine.75 In another review of CSF 

leak after anterior decompression for thoracic 

OPLL, subarachnoid drainage was used 

along with chest tube drainage in one group 

compared to chest tube drainage alone with 

no difference in outcomes or persistent CSF 

leak in either group.76 Mitchell et al described 

intraoperative repair of anterior cervical CSF 

leak in 8 cases without the use of lumbar 

drain.77  

In a study reviewing intentional 

intradural spine surgeries, 13 out of 460 cases 

were complicated by CSF leak and 

symptomatic pseudomeningocele. 91 of these 

cases used an external cerebrospinal fluid 

drain, and these cases were more associated 

with CSF leak and symptomatic 

pseudomeningocele. However, the authors 

state this to be due to selection bias, as CSF 

drainage was used in cases they felt were 

more high risk in CSF leak.79 Essentially, the 

placement of intraoperative subarachnoid 

drain after durotomy depends on what a 

surgeon may deems high risk for 

postoperative leak. In the cases of large 

pseudomeningoceles, they are best treated by 

a combination of direct repair and 

implantation of a subarachnoid drain.78 CSF 

shunting has not been reported for treating 

pseudomeningoceles related to incidental 

durotomies during spine surgery. 

 Lumbar drainage with subarachnoid 

catheter has a reported complication rate of 

up to 44% ranging from headache and nerve 

root pain to more severe complications 

including subdural hematoma from over 

drainage, pneumocephalus and meningitis.80 

These are important considerations in clinical 

decision making.  
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CONCLUSION 

 Many options are currently available 

to address incidental or intentional 

durotomies.  Water-tight closure of intra-

operative durotomy with sutures remains the 

treatment of choice when feasible. Dural 

sealants and dural substitutes may be used as 

an adjunctive treatment to minimize 

complications that may result from persistent 

CSF leaks.  In post-operative setting, 

conservative therapies such as bed rest, direct 

pressure dressing or brace, epidural blood 

patch, and lumbar intrathecal drain are 

utilized.  If these measures prove 

unsuccessful, patients may require additional 

surgery. Thus, the surgeons must stay abreast 

of all the available options to minimize the 

risk and ensure the best outcome.  
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