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Review of Intraoperative Durotomies in Spinal Surgery and its management
strategies with Current Advances in Treatment

Abstract

Intraoperative durotomies (in spinal surgeries) can have potentially serious consequences if not
appropriately addressed. They result from an opening in the dural-arachnoid membrane around the spinal
cord, cauda equina or nerve root sleeve. Most causes are iatrogenic, and if not properly addressed or go
unnoticed, patients may present with complications such as postural headache, wound breakdown,
meningitis, and even death. Magnetic resonance imaging is the diagnostic study of choice, with.treatment
options ranging from observation, bed rest, and/or epidural blood patch to lumbar subarachnoid drainage,

and surgical repair.

Key Words: intraoperative durotomy, management, treatment

Abbreviations: cerebrospinal fluid leak (CSF), magnetic resonance imaging (MRI), computed
tomography (CT), valsalva maneuver (VM), polyethylene glycol (PEG), epidural blood patch (EBP)

INTRODUCTION

Intraoperative durotomies, whether incidental or
intentional, can result in potentially significant
complications.  Recent  advancements <in
technology and research have given . spine
surgeons  numerous  options  for  both
intraoperative dural repair and. managing
postoperative cerebrospinal fluid (CSF) leaks.
Intraoperative  durotomies are normally
considered on a spectrum, ranging from spinal
pseudomeningocele to CSF fistula with CSF
leak (which will be referred to as CS8E, leak in
this paper-can ). Most investigators agree a
pseudomeningocele is an extravasated collection
of extradural CSF. It can be contained within a
fibrous capsule with or without an arachnoid-
lined membrane (Reference?). If the extradural
fluid communicates:with another cavity, such as
the pleura, or if a direct communication to the
outside. exists,  this*is when it is considered a
CSF fistula. The underlying principle of a dural
opening needing to be present is believed to be
the foundational reason for the existence of this
condition (Sentence correction). By far, the most
common cause is iatrogenic, resulting from a
dural tear during spinal surgery. Intraoperative
treatment of intentional and incidental
durotomies through a variety of synthetic or
autologous materials as well as postoperative
CSF leak management strategies including

conservative measures, epidural blood patches,
CSF diversion therapies, and definitive surgical
repair will be discussed in the present review.

Epidemiology

latrogenic intraoperative durotomy can be
encountered incidentally or intentionally.For
example, when accessing intradural tumors, the
dura is intentionally opened, in a planned
manner and primary repair via suturing is
typically intended. If not properly addressed,
this can increase the risk of postoperative CSF
leaks. Incidental durotomies are more
challenging to treat since they result in more
complicated tears. Intraoperative incidental
durotomies are common, especially during
lumbar laminectomy’™. Rates of incidental
durotomy in lumbar descectomy have been
reported in the literature to occur from 0.5% (in
lumbar discectomy) to 35% in a single
retrospective study®®. Understandably, durotomy
rates vary with the surgical technique employed,
for example, open versus a minimally invasive
surgical approach. In one meta-analysis it was
found that a durotomy rate ranged from 2%-20%
in open surgical technique for lumbar
degenerative conditions, and approximately ~7%
in minimallyinvasive techniques’. The incidence
of intraoperative incidental durotomy in cervical
spine surgery is considerably lower compared to



thoracic or lumbosacral surgeries®®. Presumably,
this is due to the fact that surgeons are more
likely to manipulate the dura around the cauda
equina,and that there are probably a higher
number of laminectomies performed in the
lumbar region'®**. The incidence of CSF leak in
elective anterior cervical spine surgery ranges
from 0.3%-21.4%"*"°, This is appreciated to be
higher with patients suffering from ossified
posterior longitudinal ligament (4.5%-32%)"*°.
Cervical laminectomy and corpectomy have also
been associated with the development of
postoperative pseudomeningocele™. In one
study of 286 patients with ossification of the
ligamentum flavum, one-third were reported to
have durotomies, but the literature on this is
sparse”™. It is more likely that the real incidence
is unknown as many cases are self-limited and
asymptomatic?.

Pathophysiology

latrogenic intraoperative durotomy may or may
not be associated with an arachnoid tear, but a
dural tear is necessary to have a durotomy. If the
arachnoid is not violated, the herniation of CSF
and arachnoid membrane tends to resemble a sac
with some arguing that this condition should be
a “true meningocele”®. If the CSF extravasates
through a dural-arachnoid tear into the
surrounding soft tissue, eventually leading to
afibrous capsule, it is termed a
pseudomeningocele”?.In. both conditions there
is no communication with another cavity or the
outside world.

The debate also exists when it comes to factors
contributing to persistent communication. Items
that have been:evaluated are the amount of CSF
leak and/or ‘whether the arachnoid layer is
violated or intact but with herniation. In order to
discuss.the aforementioned fact, it is important
to further delineate the continuum with another
term known as the pseudocyst. If the arachnoid
mater is intact then this is coined the pseudocyst
and results in accumulation of CSF via a ball-
valve  mechanism'®®®,  Arachnoid  mater
violations where CSF can directly flow into the
extradural tissue forms the false cyst or
pseudomeningocele. CSF extravasations, if
small, are believed to be self-limited as
reabsorption is more likely?*. This is why the true

incidence of intraoperative durotomy s
unknown since many cases are likely
asymptomatic®. With a pseudomeningocele this is
less likely, as in some cases, the extravasated
CSF causes reactive changes in the
postoperative bed of the paraspinal musculature,
leading to non-resorption of the fluid'®*>%, The
vast majority of intraoperative durotomies that
lead to pseudomeningocele occur in the lumbar
spine because this part of the ‘spine is under
higher pressure compared to cervical or thoracic
areas’’.

Clinical manifestations

Intraoperative durotomy may present in a variety
of ways. As previously stated, in the case of a
small  unnoticed . durotomy, most are
asymptomatic “and’ self-limited®**.  When
symptoms. do oceur they can include,
pseudomeningocele, leaking from wound,
dizziness, nausea, postural headaches, vertigo,
neck pain, diplopia, photophobia, tinnitus, and
blurred vision®®.  Other more  serious
complications, especially when CSF
communicates with the outside world, include
wound breakdown, meningitis, hydrocephalus,
arachnoiditis, and most grave, death®.

The time interval for symptom onset ranges
from immediate post-operatively to years after
surgery”*. Pseudomeningoceles typically appear
as a fluctuant mass that can enlarge with
Valsalva causing maneuvers®. Sometimes pain
can be elicited from palpation of the
pseudomeningocele®. An actual CSF leak can
be identified by clear, colorless fluid from an
opening in the wound®.A cloudier, red or
xanthochromic appearance can occur suggesting
an infection, presence of blood, or seroma which
can complicate idenitification® At  times,
patients may report the return of their
preoperative symptoms which can range from
radiculopathy to myelopathy or spinal cord
injury believed to be caused by the herniation of
nerve tissue®'" 9333 patients may also
present with intracranial hypotension symptoms
including photophobia, cranial nerve palsies, and

tinnitus***,

DIAGNOSTICS



Diagnosis is confirmed via magnetic resonance
imaging (MRI) with history and physical
examination narrowing down one’s differential.

MRI

Imaging the spine is the initial step, with the
signal following that of CSF on all sequences. A
region of hypointensity on T1-weighted images
and hyperintensity on T2-weighted images is
seen®”* . MRI is particularly helpful as it can
delineate the location of the issue, sometimes
showing the level of communication with the
dura and can characterize any internal
components of the sac. If the cranium is
incidentally imaged, findings of intracranial
hypotension can be seen which include a
subdural fluid collection, intracranial meningeal
enhancement, and caudal displacement of
cerebellar tonsils® further narrowing down ones
differential.

Computed tomography (CT) and CT
myelogram

CT scanning can help better delineate bone than
MR, allowing for improved visualization of a
pseudomeningocele/cyst or fistula/leak relative
to a surgical site. The introduction of a
myelogram, which involves performing a CT
scan of the spine after intradural administration
of contrast, can identify the presence of a
pseudomeningocele or pseudocyst by showing it
filling with the administered contrast orbt?
demonstrating active extravasation at the dural
defect®.

Beta 2-Transferrin

If a fistula/leak is present and direct
visualization of clear fluid-is noted from a defect
in the wound, analysis. can be done by looking
for Beta 2-Transferrin within a sample of the
leaking. fluid." Beta' 2-Trasnferrin is a protein
found only in CSF*®2) |ess than 1 mL is
needed to ‘test for Beta 2-Trasferrin. Via
electrophoresis, one can appreciate 2 bands
where one is for Beta 1-Transferrin and the other
for the Beta 2-Transferrin isoform which arises
from Beta 1-Transferrin. This is relative to
serum or another body fluid which would only
have a Beta 1-Transferrin band.

Caution must be taken with results interpretation
as false positives can occur. In certain patients
with specific genetic variations® and/or certain
medical conditions like alcoholism, cirrhosis,
rectal cancer, or rare glycoprotein metabolism
disorders®. Non-CSF fluid can be mistaken for
CSF. To combat this, false interpretation can be
avoided by simultaneously testing other body
fluids obtained in the same patient for Beta 2-
Trasnferrin to ensure they are different in
comparison. Careful attention to clinical history
and comparison patterns of CSF with other body
fluids will aid in making . an accurate
interpretation in unusual cases.

INTRAOPERATIVE MANAGEMENT

When a dural violation is appreciated, the first
and foremost effort should be primary closure to
prevent future .complications. The goal, though
debatable, is to achieve a “watertight” closure of
the dura®™. This is often difficult, especially for
incidental intraoperative durotomies due to the
unique biomechanical properties of dura mater
which can be fragile or if the tear occurred at an
inaccessible location. It is, for this reason that
the ultimate goal should be to contain neural
elements and prevent pseudomeningoceles/cyst
or CSF fistulas/leak.

If a tear is easily accessible, primary repair is
generally recommended. If it is not accessible,
then observation, sealants, or CSF diversion
maneuvers are used”*®. Since several items
exist to bring dura together, ranging from sutures
to synthetic patches/grafts, it is helpful to
organize primary repair strategies into 3
categories: sutures, sealants, and
patches/grafts®**®.  Currently, no official
consensus exists between which is the most
ideal.

Sutures

Spine surgeons almost universally rely on non-
absorbable sutures. The 4 main suture materials
include: Nurolon, Prolene, Gore-Text, and Silk.

Nurolon is braided and comprised of long-chain
aliphatic polymer of Nylon 6 or 6.6. It has been
reported to elicit minimal acute inflammation,
maintaining 81% tensile strength at 1 year and
decreasing to 66% at 11 years™.



Prolene is a monofilament comprised of an
isotactic crystalline stereoisomer of
polypropylene, a synthetic linear polyolefin. It
does not adhere to tissues and does not cause an
inflammatory reaction. Tensile strength is
reportedlymaintained for up to 2 years™.

Gore-Tex is a microporous monofilament made
of expanded polytetrafluoroethylene (cPTFE). It
has a beneficial structure that allows it to have a
needle attached that is the diameter of the thread,
thus reducing CSF leak at suture sites”®’.

Lastly, silk was routinely used in earlier
neurosurgical literature but has been mentioned
less in the past several decades. It is technically
non-absorbable but becomes proteolyzed with
time and can be undetectable at a 2-year mark®,

The literature around suturing techniques is
sparse though some do exist. The conclusions
are mixed and make it challenging for one to
make a definitive statement about what
technique is best. One article found that in a
small linear incision, simple interrupted silk
suturing was superior to running, running
locked, or interrupted vertical “mattress
techniques™. To that end another paper studied
Prolene and compared simple runhing to
interrupted and found no change in difference
between CSF leak®.

A similar statement _can be‘made about suture
type when it comes to:selecting .one of the 4
aforementioned non-absorbable sutures.
Biomechanical studies with Gore-Tex found that
up to a. mean CSF peak pressure of 34 cm H20
can be  observed: prior to CSF leakage
recognition »with its use when compared to
Nurolon which had a mean CSF peak pressure
of only 21 cm H20. This same study found also
that it still remained superior when examined
across suturing techniques (running, locked
continuously, and interrupted)®’. In regards to
Prolene another study showed that in cadaveric
specimens it too had a higher mean pressure
threshold when compared to Nurolon®. No
studies currently exist giving a direct
comparison between Gore-Tex and Prolene.

Ultimately a decision around the best suture or
suture technique remains a challenging one and
we advocate for using the material one is most
comfortable, familiar, and has had the most
success with in the past as surgeon experience
has been shown to impact outcomes®.

After completing a primary closure one should
test for a persistent CSF leak via aValsalva
maneuver (VM) where the anesthesiologist
increases the intrathoracic pressure. The VM
can be performed simply by switching the
ventilator to manual ventilation, fully closing the
adjustable pressure-limiting valve, increasing the
fresh gas flow, and squeezing the breathing
circuit bag for 15-20 seconds to generate the
needed VM pressure which is around 40 mmHg
intrathoracic pressure®. Its usefulness is more
convincing during intraoperative durotomy
repair but one should be mindful that rare
complications have been reported, ranging from
stroke and retinopathy to pneumothorax®.
Clinical judgement should prevail when
deciding to perform a VM.

Grafts/Patches

If an intraoperative durotomy is not ideal for a
primary closure, for example, such as a far
lateral one, or when neural elements become
compressed, dural grafts or patches are useful
options. Numerous materials can act as dural
substitutes. ldeally the goal is to restore the
continuity of dura mater to minimize CSF leak
by mimicking the compliance of dura while
being biologically inert®. Currently the options
fall into 4 categories, with those being:
autograft, allograft (i.e. cadaveric dura),
xenograft (animal-derived), and synthetic
materials. Surgicel is sometimes used to
augment some dural repairs as well.

In the autologous family the options during
spinal surgery typically include fascia lata, fat
issue and muscle.

Some commonly used xenografts or synthetic
material include the following: Durasis,
DuraGaurd/Matrix, Durepair, Alloderm,
Preclude, and Neuro-Patch. The
xenografts:DuraGen, DuraMatrix, and Derepair,



are all type |1 Collagen matrixes made from
bovine Achilles tendon.

DuraGen has been shown to have 20% more
conformability ~ than  DuraMatrix  while
DuraMatrix has a 50 times lower liquid
permeability®®®. DuraGen has the most
published data®and also widely utilized
foir(correction)dural  repair. An interesting
property of DuraGen is its secondary hemostatic
capabilities: its porosity allows platelets and
fibroblasts to infiltrate, forming fibrin clots and
laying down natural collagen fibers, which help
prevent CSF leakage and initiate dural repair®.
DuraGen has also been show to completely
resorb within 1 year®. It is reported to have no
inflammatory response, a 1.9% infection rate,
and a 2.1% leakage rate™.

Durerepair (correction)is made up of type I and
Il collagen and is produced by bovine skin™.
Biomechanical studies show it having up to 4
times more tensile strength than cranial dura
mater’.

Durasis is made from porcine small intestinal
submucosa. It manages to keep the cells
extracellular membrane intact as it.is harvested
by removing the cells between the mucosal and
muscular layer. Because of this notion, it
contains collagen, bioactive proteins, . and
cytokines that guide hoststisstue remodeling™. In
2007 it was demonstrated to have comparable
rates of infection, CSF leak, and meningitis with
that of other comparable.dural substitutes of that
time (Referenee?).

DuraGuard is=made from bovine pericardium
that is cross-linked with glutaraldehyde. It has
been reported to have superior tear resistance
and tensile strength- making suturing to it more
feasible.

Alloderm is made from human donor skin which
contains no cellular tissue but retains its
biochemical and structural components™. It has
been shown to become vascularized and
integrated with native dura™.One study showed
a reoperation rate for CSF leak in Chiari
decompression surgery of 2.2% when compared

to DuraGaurd, DuraGen, and Durepair which
had a 17.1% rate(Reference?).

Lastly, Preclude is made of inert
polytetrafluoroethylene and elastomeric
fluoropolymer in a 3-layer construct” and
Neuro-Patch is made of microporous fleece from
polyester urethane that also supports fibroblastic
proliferation’. Interestingly in a study looking at
postoperative adhesions and fibrosis-induced
spinal cord tethering between Surgicel, Durasis,
DuraGen, and Preclude, -it. was .appreciated that
DuraGen caused the least amount: of local
inflammation in the subarachnoid and Preclude
generated the most®,

Sealants

If a VM maneuver reveals a persistent CSF leak
after a primary closure and after a graft/patch is
attempted, a sealant can be placed over the area
of the leak. Despite animal studies suggesting
sealant alone. can withstand high hydrostatic
pressures**’"®"some remain in situ for only up
t010-14 days’, thus it must be supplemental to a
patchor graft.

Two types of sealants are commercially
available which fall into the category of either
absorbable: synthetic consisting of polyethylene
glycol (PEG)-based polymers or fibrin-based
(from allogenic or autogenic fibrinogen in
combination with thrombin and other hemostatic
factors) categories. Both can be found in liquid
or patch form.

Subtypes of fibrin-based sealants and liquid glue
formulations include Tisseel or Tissucol, Evicel,
and dry patch products, called Tachosil and
Tachocomb. Literature around fibrin-based
sealants has been mixed (References?). Their
ability to augment sutures or aid in achieving
“watertight” dural closure was found not to
significantly decrease CSF leak when compared
to sutures alone®. Although this was a
retrospective study with inherent limitations, it is
relevant as no randomized controlled trials exist
looking at intraoperative durotomies during
spinal surgery and the use of fibrin-based
sealants. An interesting fact about the make of
these agents is that they are technically useful as
hemostatic agents as well.



Tisseel has 2 components: human fibrinogen and
aprotinin, and human thrombin and calcium
chloride dihydrate®. When mixed via the
application tip during use, a fibrin clot is formed
that adheres and provides hemostasis to tissues.
Evicel is made from human plasma and also has
2 components: Biological Active Component 2
(largely cryoprecipitate) and thrombin.

Subtypes of synthetic PEG-based sealants
include: DuraSeal Exact and Adherus. Both
work in the form of hydrogels to minimize mass
on the spine. DuraSeal, the predecessor to
DuraSeal Exact, was reported to swell once
applied®®. In regards to efficacy, a randomized
controlled trial looking at incidental and
intentional  spinal  durotomies showed no
significant difference in CSF leakage or
superficial skin infection rates between the
standard of care and DuralSeal Exact
(reference?). FDA-approved secondary agent for
dural closure in the spine is currently only
applicable for DuralSeal Exact®. Regardless of
the use of dural sealant, effective primary
closure of the defect is critical to prevent further
CSF extravasation.

If after use of these items proves there to be a
residual CSF leak, some authors " describe
keeping a subfascial drain that would normally
be placed intraoperatively for a longer period of
time but keeping it “off suction” for. several
more days until drainage slowed™.

POSTOPERATIVE
PSEUDOCYST/PSEUDOMENINGOCELE/
CSF FISTULA/LEAK TREATMENT

Conservative Therapy

If an intraoperative spinal durotomy could not be
closed “watertight” or went unnoticed and the
patient exhibited any of the before-mentioned
symptoms,  preventing  pseudomeningocele
formation/controlling CSF leak relies on
manipulating differences in subarachnoid and
epidural pressure to impede flow®. The
literature is mixed on bed rest/Trendelenburg
positioning if primary closure was attempted for
a lumbar durotomy. Bed rest is traditionally
prescribed as a standard approach for the

management of dural tears®. The rationale
behind this approach is that the orthostatic
position increases the hydrostatic pressure of the
CSF and consequently may worsen the
leakage®.  Multiple  survey-based  studies
conducted over the last decade indeed confirm
this preference in the spine surgery community,
with up to 89% of surgeons in favor of
prolonged bed rest in this patient population®2
The data supporting this approach, however, is
composed of case series describing patients
successfully treated with prolonged bed rest,
without a control group of alternative
options®.A recent meta-analysis from 2023
found in patients with incidental durotomies
during spine surgery, who underwent primary
closure, early mobilization may reduce
pulmonary  complications  compared to
prolonged bed rest, without a significant
difference between groups in the incidence of
CSF leak or the need for additional surgical
durotomy repair(reference?). Although
prolonged bed rest is traditionally prescribed
following a dural tear, it is not without risks.
Surgeons should use this strategy with caution,
given the risk of the aforementioned
postoperative complications®. This result was
also confirmed by the one randomized control
trial to date that looked at this question in
lumbar surgical patients who had primarily
repaired intraoperative durotomies and was
included in the meta-analysis®

If a primary closure was not performed because
the durotomy was unnoticed, and the patient is
exhibiting symptoms, it is reasonable to try
Trendelenburg positioning/bedrest for a short
course of 1 to 3 days in someone with a
suspected lumbar durotomy. Direct pressure at
the site of durotomy with a pressure dressing or
brace may counteract egress through the area of
least resistance as well®® Interestingly in the
cervical spine, Kim et al published a report
where a polycarbonate face mask was able to
apply pressure on the cervical wound and
resolved a refractory pesudomeningocele®. If
the durotomy occurred inthe cervical or thoracic
spine, primary closure was not attempted, and
the patient is symptomatic, elevation of the head
of the bed is reasonable for 1 to 3 days.



Inhibiting CSF formation with acetazolamide
has been described in a randomized control trial
to stop CSF leak in cranial patients® but the
literature is limited regarding its use in spinal
patients.

Non-conservative therapy

If a CSF leak persists, the patient has a
pseudomeningocele/cyst with subjective
symptoms, non-conservative therapies should be
discussed which include epidural blood patch,
CSF diversion measures, and re-operation for
residual or previously unnoticed intraoperative
durotomy identification and primary closure
attempt/reattempt.

Epidural blood patch

Epidural blood patch (EBP) is a procedure in
which the patient’s blood is injected into the
epidural space. It is thought that the blood forms
a clot over the dural tear, allowing the heading
of the dura, as well as raising extradural pressure
relative to the subarachnoid pressure in turn
decreasing the efflux CSF gradient”. Limited
cases are described stating the efficacy of EBP
in resolving pseudoemingoceles®™. Skepticism,
however, exists among spine surgeons as no
robust large studies have been done” 24,

CSF diversion

There is a paucity of literature describing CSF
diversion therapy via a subarachnoid drain,
normally placed in the lumbar region, after
intraoperative spinal durotomy, but the benefit
and timing are not as clear. In the cases of a
large pseudomeningocele, it has been shown that
they are best treated by a combination of
primary closure and implantation of a
subarachnoid drain®. If placed, it has shown
efficacy at an output rate of 5-10 mL/hr for 3-5
days as a primary tool or supplement to other
measures'®. Lumbar subarachnoid drainage has
been reported to have a complication rate of up
to 44% with symptoms ranging from headache
and nerve root pain to subdural hematoma,
pneumocephalus, and meningitis’®. These are
important to consider when choosing to use a
lumbar subarachnoid drain.

Lastly, there have been reports of a lumbo-
peritoneal shunt being used to successfully treat

a pseudomeningocele and CSF fistula/leak™*"%.

However, this should only be a consideration
after an attempt at a primary closure has failed.

CONCLUSION

There are many options for the repair of
intraoperative durotomies that can be utilized.
latrogenic causes are common, and the goal
when identified is to achieve “watertight”
closure of dura with sutures whenever possible.
Dural sealants and patches/grafts may be used as
adjuncts. MRI is the neurodiagnostic modality of
choice for diagnosis. If a durotomy goes
unnoticed or a “watertight” closure cannot be
achieved, and the patient becomes symptomatic,
several conservative therapies are available.
These include bed rest and head-of-bed
elevation (depending on whether the durotomy
is in the cervicothoracic or lumbar region),
pressure dressing, epidural blood patch, and
lumbar subarachnoid drain placement. If these
measures fail, re-operation to obtain a primary
closure should be attempted/reattempted. In rare
cases, the placement of a ventriculo-peritoneal
or lumbo-peritoneal shunt may be considered.
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