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As endoscopic skull base surgery has rapidly evolved over the last 25 years, 
the refinements in technique, technology, and anatomical understanding have 
been astounding. The partnership and collaboration between otorhinolaryn-
gologists and neurosurgeons have dramatically synergized the field. Yet one 
of the major challenges continues to be the issue of skull base reconstruction 
and avoidance of cerebrospinal fluid (CSF) leaks and related complications 
such as meningitis, tension pneumocephalus, and prolonged hospitalization. 
As such it is appropriate and timely that we have an all-encompassing text 
that addresses these issues around CSF in a most modern and extensive fash-
ion. The book is divided into 6 parts and 40 chapters that cover all topics 
related to CSF rhinorrhea led by four editors who are leaders in the field. 
Their all-star multidisciplinary panel of authors includes experts in rhinology, 
neurosurgery, radiology, and anesthesiology, some of whom are inventors of 
skull base surgical approaches and reconstruction techniques. The book is 
enriched by a wealth of high-quality figures and online videos that illustrate 
real-world clinical cases.

In totality, this textbook provides in-depth theoretical and practical knowl-
edge related to the basic physiology of CSF, the various etiologies of CSF 
rhinorrhea, diagnostic techniques for detecting a CSF leak, the surgical and 
nonsurgical techniques for resolving CSF leaks, postoperative care and moni-
toring, and finally, an evidence-based assessment of managing CSF rhinor-
rhea, quality of life issues, competencies in CSF leak repair and related 
medicolegal issues. Appropriately, the editors focus the most attention on the 
surgical techniques and team approach for treating CSF leaks with chapters 
that cover all areas of the skull base, and the wide array of materials available 
for repair including autologous grafts, pedicled flaps, free flaps, and synthetic 
materials.

Looking at this textbook from the long perspective of where endoscopic 
pituitary and skull base surgery started in the mid-1990s, the progress in our 
collective understanding and management of skull base defects and CSF rhi-
norrhea is remarkable. When endoscopic endonasal surgery was in its infancy, 
postoperative CSF leaks after extended transsphenoidal approaches were 
ranging from 20% to 50% in multiple series at experienced centers. Through 
the pioneering and intrepid work by many involved in this textbook, those 
rates in 2022 are typically at 5–10% for extended approaches and 1–5% for 
sellar approaches, and they continue to decrease with increasing experience 
and innovation by surgical teams around the world. The importance of this 
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most essential phase of an endonasal operation cannot be overemphasized. 
Having a clear and appropriate exit strategy in any skull base procedure of the 
anterior, middle, or posterior fossa is a must. While postoperative CSF leaks 
remain the “Achilles’ heel” of an otherwise perfect operation, this impressive 
textbook is an outstanding summation of the current state of the art and an 
essential compendium for any practitioner in the field. The editors are to be 
congratulated for providing such an important work.

Daniel F. Kelly
Pacific Neuroscience Institute 

Santa Monica, CA, USA
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Skull Base Development 
and Anatomy

Dimitrios Terzakis, Vasileios Chatzinakis, 
and Christos Georgalas

1.1  Osteology of the Three 
Cranial Fossae

The base of the skull is one of the most fascinat-
ing and complex anatomical areas of the human 
body. It has been characterized as the region with 
the greatest histological diversity in the body 
according to the last WHO extensive classifica-
tion [1]. It stands between the brain and other 
facial structures as it forms the floor of the cranial 
cavity. Five bones contribute to the skull base. 
The ethmoid, sphenoid, occipital, paired tempo-
ral and paired frontal bones. It is functionally and 
anatomically divided to three distinct regions: 
anterior, middle, and posterior cranial fossae 
(Fig. 1.1).

1.2  Ventral Portion of Anterior, 
Middle and Posterior Cranial 
Fossa

1.2.1  Anterior Cranial Fossa

Three bones combined contribute to the anterior 
cranial fossa: The frontal, ethmoid, and sphe-
noid. Most of the lateral part of this fossa is 
formed by the frontal bones, specifically their 
orbital plates. In-between, stands the ethmoid 
bone (crista galli and cribriform plates support-
ing the olfactory bulbs). The posterior part of the 
anterior fossa is delimited by the sphenoid wings 
laterally and the sphenoid body medially. When 
accessed from the exocranial side, the lateral 
portion of the anterior skull base stands on top of 
the orbits and maxillary sinuses. Medially, it 
relates to the sphenoid sinus (posterior portion of 
the medial exocranial anterior surface) and eth-
moid bone (medial and anterior thirds). The exo-
cranial aspect of the anterior cranial fossa as 
well as the nasal cavity is divided along the mid-
line by the bony part of the nasal septum, which 
is part of the ethmoid bone and attached to the 
sphenoid crest and rostrum [2]. Its boundaries to 
each orbit are defined by the lateral plates of the 
ethmoid bones. Important foramina and grooves 
can be identified in the endocranial and exocra-
nial surfaces, transmitting vascular and neural 
structures (Table  1.1). Anterior and posterior 

D. Terzakis · V. Chatzinakis
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Athens, The Greece

C. Georgalas (*) 
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UNIC, Medical School, University of Nicosia, 
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Zygomatic bone
Os zygomaticum

Greater wing, sphenoidal
bone

Ala major, os sphenoidale

Foramen spinosum
Foramen spinosum

Foramen lacerum
Foramen lacerum

Carotid canal
Canalis caroticus

Jugular foramen
Foramen jugulore

Petrous part, temporal
bone

Pars petrosa, os temporale

Greater palatine foramen
Foramen palatinum majus

Petrygoid hamulus
Halmulus pterygoideus

Zygomatic process,
temporal bone

Processus zygomaticus
as temporale

Incisive canals
Canales incisivi

Posterior nasal spine
Spina nasalis posterior

Lessev palatine foramina
Foramina palatina minora

Pterygoid process, medial
plate
Processus pterygoideus, lamina
medialis

Pterygoid process, lateral
plate
Processus pterygoideus, lamina
lateralis

Foramen ovale
Foramen ovale

Styloid process
Processus styloideus

Stylomastoid foramen
Foramen stylomastoideum

Clivus
Clivus

Basion
Basion

Fig. 1.1 Skull base, general aspect, inferior view. The most important anatomical landmarks are keyed

ethmoidal canals transmit the anterior and poste-
rior ethmoidal nerves and arteries respectively 
and run between the frontal and ethmoid bones, 
along their suture line. Filaments of the olfactory 
nerve pierce through the cribriform plate. These 
perforations have dural invaginations which 
make this area very susceptible to iatrogenic and 
spontaneous CSF leaks (Fig. 1.2). Lateral to the 
cribriform plate is the lateral lamella that bridges 
the cribriform plate and the lateral ethmoid roof 
(fovea ethmoidalis). The lateral lamella is an 
extremely thin bone (0.05-0.2 mm) and the one 
most frequently perforated during sinus surgery. 
On the contrary, fovea ethmoidalis is signifi-
cantly thicker. The cribriform plate and the lat-
eral lamella are not always on the same level. If 
they are, the lateral lamella is short and horizon-
tal. If, however, there is a considerable distance 
between the level of the cribriform plate and the 

lateral ethmoidal roof, the lateral lamella can be 
long and thin increasing the risk of an intraop-
erative injury—even more so, if it slopes hori-
zontally, rather than vertically [3]. Consequently, 
the height of the lateral lamella defines the depth 
of the olfactory cleft which can be asymmetrical, 
inducing an extra risk for perforation. The first 
division of the trigeminal, trochlear, oculomotor, 
and abducens nerves as well as the superior oph-
thalmic vein are transmitted through the superior 
orbital fissure which lies between the sphenoidal 
wings. Finally, the optic nerve and the ophthal-
mic artery run along the optic canals, between 
the anterior and posterior roots of the anterior 
clinoid processes. Knowledge of all and identifi-
cation of many of these anatomic structures is 
crucial during various endoscopic approaches to 
the anterior cranial fossa -and represent potential 
conduits for CSF.

D. Terzakis et al.
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Table 1.1 Foramina of the external surface of the cranial 
base and their content; Latin nomenclature. (Reproduced 
from Paulsen F, Waschke T, Sobotta atlas of human 
Anatomy, 16th ed., Munich: Elsevier GmbH, 2019)

Foramen Content
Foramen incisivum • N. nasopalatinus  

(N. maxilaris [V/2])
Foramen 
palatinum majus

• N. palatinus major  
(N. maxilaris [V/2])
• A. palatina major  
(A. palatina descendens)

Foramina palatina 
minora

• Nn. palatini minores  
(N. maxillaris [V/2])
• Aa palatinae minores  
(A. palatina descendens)

Fissura orbitalis 
inferior

• A. infraorbitalis (A. maxillaris)
• V. ophthalmica inferior
• N. infraorbitalis  
(N. maxilaris [V/2])
• N. zygomaticus  
(N. maxilaris [V/2])

Foramen rotundum • N. maxilaris [V/2]
Foramen ovale • N. mandibularis [V/3]

• Plexus venosus foraminis ovalis
Foramen spinosum • R. meningeus  

(N. mandibularis [V/3])
• A. meningea media  
(A. maxillaris)

Fissura 
sphenopetrosa, 
Foramen lacerum

• N. petrosus minor (N. 
glossopharyngeous [IX])
• N. petrosus major  
(N. facialis [VII])
• N. petrosus profundus  
(Plexus caroticus internus)

Apertura externa 
canalis carotici 
and Canalis 
caroticus

• A. carotis interna, Pars petrosa
• Plexus venosus caroticus 
internus
• Plexus caroticus internus 
(Truncus sympathicus, Ganglion 
cervicale superius)

Foramen 
stylomastoideum

• N. facialis [VII]

Foramen jugulare Anterior area
• Sinus petrosus inferior
• N. glossopharyngeus [IX]
Posterior area
• A. meningea posterior  
(A. pharyngea ascendens)
• Sinus sigmoideus (Bulbus 
superior venae jugularis)
• N. vagus [X]
• R. meningeus (N. vagus [X])
• N. accessorius [IX]

Canaliculus 
mastoideus

• R. auricularis nervi vagi  
(N. vagus [X])

Canaliculus 
tympanicus

• N. tympanicus
• A. tympanica inferior

Table 1.1 (continued)

Foramen Content
Canalis nervi 
hypoglossi

• N. hypoglossus [XII]
• Plexus venosus canalis nervi 
hypoglossi

Canalis condylaris • V. emissaria condylaris
Foramen magnum • Meninges

• Plexus venosus vertebralis 
internus (Sinus marginalis)
• Aa. vertebrales (Aa. subclaviae)
• A. spinalis anterior  
(Aa. vertebrales)
• Medulla oblongata/Medulla 
spinalis
• Radices spinales  
(N. accessorius [XII])

Fig. 1.2 Close-up view of cranial nerve foramina within 
anterior cranial fossa. CG crista galli, CF cribriform plate. 
(Reproduced from Edwards B, Wang JM, Iwanaga J, 
Loukas M, Tubbs RS. Cranial Nerve Foramina Part I: A 
Review of the Anatomy and Pathology of Cranial Nerve 
Foramina of the Anterior and Middle Fossa. Cureus. 
2018;10(2):e2172)

1.2.2  Middle Cranial Fossa

The sphenoid and temporal bones contribute to 
the formation of the middle cranial fossa which 
stands in continuity to the anterior. The medial 

1 Skull Base Development and Anatomy
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part is formed mainly by the body of the sphe-
noid, whereas the combination of sphenoid wings 
and squamous and petrous parts of the temporal 
bone contribute to the lateral parts. The sella is 
the medial portion of the middle cranial base, 
whilst the lateral portions are the temporal fos-
sae. The small parasellar regions, one on each 
side, house the cavernous sinuses, thus being two 
of the most important -from a surgical point of 
view- skull base regions. Laterally, the sphenoid 
ridges are formed by the lesser sphenoid wings 
which, medially, also form the roof of the optic 
canal. In the middle of the sphenoid planum 
stands a remnant of the fusion of the ossification 
centers, called the sphenoid jugum. Posterior to 
the planum, the chiasmatic sulcus is found, which 
stands between the optic canals’ openings. The 
last are superior to the optic strut, inferior to the 
orbital fissure. Between the chiasmatic sulcus 
and the sellar cavity stands the tuberculum sellae. 
The sella, especially its posterior limit is the 
actual boundary to the posterior cranial fossa, 
consisting of the dorsum and posterior clinoid 
processes. Α number of important foramina are 
located at the area of the middle cranial fossa. 
Starting from anteromedial to posterolateral lie 
the superior orbital fissure, foramen rotundum, 
foramen ovale and foramen spinosum which 
transmit important nerves and vessels. Foramen 
lacerum lies posteromedial to the foramen ovale 
and carotid canal is formed from the articulation 
of petrous apex with the sphenoid and occipital 
bone. The innominate foramen and the foramen 
of Vessalius are two inconsistent foramina located 
medially to foramen spinosum and foramen 
ovale, respectively. Thorough understanding of 
the anatomy of this particular area is a critical 
step to understanding part of the course of the 
carotid artery (Fig.  1.3). Right after the artery 
leaves its canal on the petrous portion of the tem-
poral bone it is encircled by the lingula, a protru-
sion of the sphenoid bone located at the junction 
of the body and the greater wing. The petrolin-
gual carotid is divided from the vertical cavern-
ous carotid segment by the petrolingual ligament, 
attached to the lingula [4]. Concerning the ven-
tral middle cranial base, its medial part includes 
the sphenoid body and the upper basal part of the 

occipital bone. Its lateral part is formed by the 
greater sphenoid wing and the lateral pterygoid 
plate; the petrous, tympanic, squamous, and sty-
loid parts of the temporal bone; and the zygo-
matic, palatine, and maxillary bones. Inferiorly to 
each cavernous sinus, an intermediate part corre-
sponding to the area between the pterygoid plates 
extends from the pterygopalatine fossa anteriorly 
to the pterygoid fossa posteriorly. The pterygo-
palatine fossa is formed by the posterior wall of 
the maxillary sinus, the pterygoid process, the 
palatine bone and the sphenoid bone above. The 
fossa communicates with the infratemporal fossa 
and also with the nasal cavity through the sphe-
nopalatine foramen. Its roof is divided into ante-
rior and posterior parts by the passage of the 
chorda tympani, through the squamotympanic 
fissure. The lateral part of the middle skull base 
includes the infratemporal fossa, mandibular 

Fig. 1.3 Right middle cranial fossa from above. ACA 
anterior cerebral artery, AchA anterior choroidal artery, BA 
basilar artery, GG gasserian ganglion, GPN greater petro-
sal nerve, ICAc cavernous portion of the internal carotid 
artery, ICAh horizontal portion of the internal carotid 
artery, ILT inferolateral trunk, MCA middle cerebral 
artery, MMA middle meningeal artery, OA ophthalmic 
artery, ON optic nerve, PcomA posterior communicating 
artery, SPS superior petrosal sinus, TI trigeminal impres-
sion, TR trigeminal root, V1 first branch of the trigeminal 
nerve, V3 third branch of the trigeminal nerve, IIIcn ocu-
lomotor nerve, IV trochlear nerve, VIcn abducens nerve. 
(Reproduced from Castelnuovo P, Dallan I, Tschabitscher 
M.  Surgical anatomy of the internal carotid artery. 
Springer-Verlag Berlin An; 2016)

D. Terzakis et al.
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fossa, and the parapharyngeal space which is not 
further discussed here. Important foramina in the 
area connecting the intracranial and extracranial 
spaces are the jugular foramen (containing the 
jugular bulb and transmitting branches of the 
ascending pharyngeal artery, the glossopharyn-
geal, the vagus, and the accessory nerves) and the 
carotid canal (transmitting the carotid branch of 
the ascending pharyngeal artery, the sympathetic 
nerves, and the carotid artery).

1.2.3  Posterior Cranial Fossa

The posterior cranial fossa is a complex anatomi-
cal area which is formed by sphenoid, temporal 
and mainly by occipital bone, with squamosal, 
condylar, and basal parts. The basal part along 
with the sphenoid, forms the clivus. The clivus 
is located in the midline of the anterior part of 
the posterior cranial skull base and is formed by 
the posterior portion of the sphenoid body (basi-
sphenoid) and the basal part of the occipital bone 
(basiocciput) [5]. Its upper third extends from 
the posterior clinoids and dorsum sella up to the 
level of the floor of the sella. The middle third is 
located between the sella floor and the floor of 
the sphenoid sinus or the level of the nasal cho-
ana. It roughly corresponds to the part of the pos-
terior sphenoidal wall, inferior to the sella and is 
bounded laterally by the vertical paraclival part of 
the internal carotid arteries (ICAs). The abducens 
nerve (CN VI) courses superolaterally through 
the Dorello canal at the midpoint of the paraclival 
ICA. The petrous apex is immediately deep to the 
paraclival ICA. Anterior to the petrous apex and 
posterior to the clivus sits the sulcus for the infe-
rior petrosal sinus. The paraclival ICA extends 
from the anterior genu of the petrous ICA to the 
parasellar segment of the ICA. Anterior genu sits 
on foramen lacerum immediately adjacent to pet-
roclival synchondrosis. This corresponds to the 
point where the horizontal petrous carotid runs 
anteromedially and turns superiorly to become 
the paraclival carotid. A key anatomical land-
mark for this is the vidian canal that extends 
posteriorly from the pterygopalatine fossa to the 
anterior genu of the ICA, running on the floor of 

the sphenoid sinus. The eustachian tube sits just 
below the foramen lacerum while its cartilage 
is attached to the lacerum cartilage. The cranial 
aspect of the clivus corresponds to the basilar 
artery and the prepontine cistern. The inferior 
third extends from the choana down to foramen 
magnum. It corresponds to the nasopharynx and 
consists mostly of the occipital bone. The pos-
terior boundary of the fossae is formed by the 
squamosal part which is bridged to the basal part 
through the condylar part of the occipital bone. 
The endocranial and exocranial surfaces of the 
anterior limit of the posterior fossa, as part of the 
ventral skull base, can be approached endoscopi-
cally by working through the sphenoid sinus or 
the nasopharynx. The dorsal skull base, is better 
approached suboccipitally.

1.3  Skull Base Embryology 
and Development

The skull is divided into two parts. The cranium or 
neurocranium which surrounds and protects the 
brain and the facial skeleton or viscerocranium. 
The neurocranium is a composite skeletal struc-
ture made up from the cranial vault or Calvaria 
which encloses the brain and the skull base or 
chondrocranium. The bones of Calvaria and facial 
skeleton are formed by intramembranous ossifi-
cation (nasals, maxillae, premaxillae, zygomatic, 
mandible-frontal, parietal, and squamous tempo-
ral) while the bones that form the base of the skull 
are formed mainly by endochondral ossification 
(ethmoid, basisphenoid, basioccipital, petrous 
temporal). Tissue origin of skull base is both 
from ectoderm and mesoderm. Development of 
skull base starts at fourth embryonic week. At 
first, the ectomeningeal capsule appears which is 
a mesenchymal anlage. This mesenchymal cap-
sule starts to surround the brain and has distinct 
embryologic origin. It will form the skull base 
and calvaria. The anterior part which corresponds 
to the anterior skull base is derived from neural 
crest while the posterior part that will give form 
to the posterior skull base is from paraxial mes-
enchyme. The ectomeningeal capsule consists of 
2 layers. The inner layer that will form the dura 
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mater and the outer layer that will form the skull 
base and cranial vault. The chondrification of this 
capsule from many discreet chondrification cen-
ters that eventually undergo endochondral ossi-
fication and fuse together to form the skull base 
starts at 7th embryonic week. The cranial vault 
will undergo an intramembranous chondrifica-
tion. Chondrification of the skull base proceeds 
from caudal to rostral from 3 main pairs of carti-
laginous precursors that extend and fuse to each 
other: The parachondral cartilages are located 
posterior to the pituitary gland and are the pre-
cursors of the basioccipital, which corresponds 
to the part of the occipital bone around the fora-
men magnum and the clivus. The hypophyseal 
cartilages, lateral to pituitary gland, precursors 
of the posterior sphenoid body or basisphenoid. 
And the prechondral cartilages, anterior to the 
pituitary gland, which are the presphenoid, the 
orbitosphenoid and the alisphenoid cartilages. 
The presphenoid cartilages are the precursors of 
the anterior sphenoid body, and the orbitosphe-
noid and alisphenoid cartilages are the precur-
sors of the lesser and greater wings, respectively. 
Prechondral cartilages give also rise to the nasal 
capsule (ethmoids-nasal septum-inferior turbi-
nate) and the frontal bone. Of note, blood ves-
sels, cranial nerves and eyes have already initiate 
to develop before the chondrification of the skull 
base from cartilage precursors. Thus, endochon-
dral bone formation occurs around pre-formed 
skull base foramina [6]. Ossification of the car-
tilaginous skull base proceeds from posterior to 
anterior and from central to peripheral initiating 
from numerous ossification centers. However, 
some areas of the skull base remain cartilaginous 
in late fetal and postnatal life. Ossification of the 
skull continues postnatally until puberty or early 
adulthood where flexible fibrous joints separat-
ing the bones of the cranial vault, named sutures, 
are completely ossified. In the skull base there 
are similar joints which are cartilaginous and 
will be converted into bone before adult life. This 
type of cartilaginous suture is named synchon-
drosis. All these kinds of joints are important for 
the ongoing growth of the postnatal brain and 
skull but mainly allow the head to pass through 
the birth canal. There are three synchondroses 

encountered in the skull base which fuse in dif-
ferent ages. Mid-sphenoidal (perinatal fusion), 
spheno- ethmoidal (fusion at the age of 6-8 years) 
and spheno-occipital (late fusion during adoles-
cence). The spheno-occipital synchondrosis is 
considered to be very important because of its 
late ossification and major contribution to post-
natal growth of cranial base. Sometimes it may 
persist into adult life and may be mistaken for a 
skull base fracture or defect.

1.4  Sphenoid Bone and Sinus

1.4.1  Sphenoid Bone and Sinus 
Anatomy

The sphenoid bone, as part of the floor of all 
three parts of the skull base, the orbital apex 
and the lateral wall of the skull -as mentioned 
above- is one of the most complex structures of 
the cranium. It is butterfly shaped and its name 
is derived from the Greek “sphenoides”, mean-
ing wedge- shaped. It is composed of the body  
with the sphenoid sinuses developing in it- the 
lesser and greater wings and the pterygoid plates 
(Fig.  1.4). Of the sinus’s eight sides, six sides 
face towards the endocranium and the other two 
sides toward the nasopharynx and nasal cavity 
[7]. The superior wall of the sinus is in direct 
contact to the olfactory nerves, optic chiasm and 
hypophysis, thus a major landmark during trans-
sphenoidal hypophysectomy. The anterior wall 
can be displaced by highly-developed Onodi 
cells, but in general it is connected to the perpen-
dicular plate of the ethmoid [7]. The floor of the 
sinus forms the dome of the choanae and of the 
nasopharynx. The lateral walls are immediately 
adjacent to the ICA, optic nerve and the cav-
ernous sinus. In a well pneumatized sinus, the 
relations to the surrounding structures are closer 
than average and ridges corresponding to these 
structures can be identified, barely or highly 
noticeable. Pneumatization of the sphenoid 
sinus can extend to all directions. As a general 
rule, it spreads more often laterally than poste-
riorly and inferiorly. The three most accepted 
 pneumatization patterns of sphenoid sinus are 
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Fig. 1.4 (a) Sphenoidal bone—anterior view (b) Sphenoidal bone—superior view

sellar (80%),  presellar (17%) and conchal (3%), 
while some authors add the postsellar type to 
the aforementioned configurations [8]. The con-
chal type or the fetal-type represents a small 
sinus anterior to the sella turcica, from which 
is separated by a thick layer of trabecular bone 
(Fig. 1.5). The presellar or juvenile type is pneu-
matized to the anterior level of the sella while 
the sellar type or adult type represents pneuma-
tization of the sinus below the sella or further 
posteriorly (in postsellar type) [9]. The sphenoid 
sinus is present only in primates and develops 

postnatally. Pneumatization onset varies from 6 
months to 4 years of life and is completed by 12 
to 14 years of age with pneumatization of most 
sinuses reach the sella by the age of 7. The two 
sphenoid sinuses are usually separated by one or 
more bony septum(-a), often deviated laterally to 
one side or the other [10]. Extreme care should 
be taken intraoperatively before fracturing or 
removing these septa as the ICA or other impor-
tant structures could be engaged. Thorough eval-
uation of the pre-operative CT-scans, minimize 
the risks of surgery.
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Fig. 1.5 Sphenoid pneumatization patterns. (a) sellar; (b) pre-sellar; (c) conchal; (d) post-sellar
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1.4.2  Endoscopic Anatomy 
of the Sphenoid Sinus

In depth description of the complex anatomy of 
the sphenoid sinus is beyond the scope of this 
chapter. However, highlighting the major rela-
tions of the sphenoid sinus is of outmost impor-
tance for understanding the anatomy and 
performing endoscopic surgery. In the midline of 
the posterior wall of the sphenoid sinus one can 
see the sellar bulge. Inferiorly lies the middle 
third of the clivus which is separated from the 
sella by the sellar-clival junction while anterior 
and superior to the sella lies the planum sphenoi-
dale. The tuberculum sella which is a bony protu-
berance, separates the sella from the planum 
sphenoidale and corresponds to the chiasmatic 
sulcus intracranially. Four main prominences and 
3 recesses can be seen on the lateral sphenoidal 
wall depending on the extent of pneumatization. 
The 4 prominences starting from above are the 
optic nerve, the parasellar internal carotid artery, 
the V2 and the V3. The 3 recesses of the lateral 
sphenoid are the lateral OCR, the depression 
between the Cavernous sinus and the V2 and the 
depression between the V2 and V3. Onodi cells or 
posterior sphenoethmoid cells are a frequent vari-
ation encountered in the sphenoid sinus (7-25%). 
They are posterior ethmoidal cells that pneuma-
tize posterior, laterall and superior to the sphenoid 
face placing the sphenoid sinus inferomedially. 
Recognizing their presence before and during 
endoscopic surgery is very important as there is 
risk of optic nerve injury and skull base penetra-

tion. There are embryological defects that pose 
potential risk for CSF leak such as the  persistence 
of lateral craniofacial canal and ecchordosis phy-
saliphora. The persistent lateral craniopharyngeal 
canal (Sternberg’s canal) is a congenital osseous 
defect of the sphenoid bone, which has been con-
sider by many authors as a potential cause of CSF 
leaks in the lateral recess of the sphenoid [11].
However, recent studies have shown that the 
majority of sphenoid CSF leaks are located in the 
lateral recess of a pneumatized sinus, laterally to 
V2 and not at the expected location of the upper 
opening of the canal which is located medially to 
the V2, right next to the sella [12]. It has been pos-
tulated that the arachnoid pits developed on the 
cranial aspect of lateral recess (or on the floor of 
the middle cranial fossa) due to increased intra-
cranial pressure, when combined with attenuated 
lateral recess roof associated with lateral recess 
pneumatization are the main cause of CSF leaks 
in the lateral sphenoid [13]. Pneumatization has 
impact not only in anatomic variations but also in 
risk for CSF leak. Extensive pneumatization of 
the sphenoid sinus (pneumosinus dilatans) can 
play a role in the pathogenesis. Ecchordosis phys-
aliphora is a rare benign congenital lesion origi-
nating from remnants of the notochord, normally 
located in the retroclival prepontine region. It is 
appeared usually as an osseous round defect of 
the posterior sphenoidal wall at the level of the 
midclivus. Although it appears that may be an 
asymptomatic condition it can present with asso-
ciated CSF leak and meningitis [14] (Figs.  1.6, 
1.7, and 1.8).

1 Skull Base Development and Anatomy
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a b

Fig. 1.7 (a) Spontaneous CSF rhinorrhea with associated meningoencephalocele in extremely pneumatized lateral 
recess of the sphenoid sinus. V2 nerve (black arrow), skull base defect (asterisk). (b) Same patient—axial view

Fig. 1.6 Endoscopic views the relationships of the 
recesses in the sphenoid sinus to the surrounding neuro-
vascular structures. (Reproduced from Wang J, Bidari S, 

Inoue K, Yang H, Rhoton A Jr, Extensions of the sphenoid 
sinus: a new classification. Neurosurgery. 
2010;66(4):797–816)
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Fig. 1.8 Ecchordosis Physaliphora. CT and MRI scans demonstrate a lesion that derives from the prepontine cistern, 
erodes the midclivus and protrudes in the sphenoid sinus causing CSF rhinorrhea and meningitis
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Physiology of CSF

Reda Kamel, Hussam Elbosraty, Mohamed Hafez, 
and Tarek Kandil

2.1  Historical Review

The existence of CSF has been known for centu-
ries. Hippocrates was among the first to describe 
the fluid as water that surrounded the brain [1]. In 
1914, Cushing published his article titled “Studies 
on the Cerebro-Spinal Fluid” and accredited the 
choroid plexus as a source for CSF [2]. Dandy, 
shortly after, conducted an experiment in which 
he ablated the choroid plexus of one lateral ven-
tricle in a dog, then obstructed the foramen lead-
ing into the third ventricle; he discovered that the 
ventricle that was ablated and evacuated of CSF 
would collapse, while the ventricle that was not 
manipulated would expand [3].

Since then, this theory has been taken as fact 
(the classical theory), and many studies con-
ducted on the choroid plexus and CSF secretion 
have revolved around this concept. The original 

theory of CSF production views 75% of all CSF 
being produced by the choroid plexus epithelium, 
while the remaining quarter being produced by 
other CNS structures such as the ependymal wall, 
cerebral parenchyma, and interstitial fluid (ISF) 
[4].

2.2  Nature of CSF

The cerebrospinal fluid (CSF) space consists of 
the intracerebral ventricles, subarachnoid spaces 
of the spine and brain (e.g., cisterns and sulci), 
and the central spinal cord canal [5]. Cerebrospinal 
fluid (CSF) is a clear, colorless ultrafiltrate of 
plasma located within the ventricles of the brain 
and the subarachnoid spaces of the cranium and 
spine (between the arachnoid matter and pia 
 matter) [6, 7].

2.3  Volume and Pressure of CSF

In adults, the mean CSF volume is 150 mL, dis-
tributed among the ventricles (25 mL) and sub-
arachnoid spaces (125 mL) [6, 7]. CSF pressure 
determines intracranial pressure with physiologi-
cal values ranging between 3 and 4 mmHg before 
the age of 1 year and between 10 and 15 mmHg 
in adults. The CSF space is a dynamic pressure 
system [7].
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2.4  Contents and Composition 
of CSF

The composition of CSF is strictly regulated [6] 
and is derived from blood plasma and is largely 
similar to it, except that CSF is nearly protein- 
free compared with plasma and has some differ-
ent electrolyte levels [6, 8, 9]. CSF is mainly 
composed of water (99%), with the remaining 
1% accounted for by proteins, ions, neurotrans-
mitters, and glucose [10].

When compared to plasma, CSF has a higher 
concentration of sodium, chloride, and magne-
sium but a lower concentration of potassium and 
calcium. This difference is conferred by active 
transport from the interstitial compartment that is 
propagated by cytoplasmic carbonic anhydrases, 
which produce the H+, and HCO3

− ions that are 
exchanged for Na+ and Cl− by basolateral trans-
port proteins [11].

CSF contains approximately 0.3% plasma 
proteins, or approximately 15 to 40  mg/dL, 
depending on sampling site [12]. In general, 
globular proteins and albumin are in lower con-
centration in ventricular CSF compared to lum-
bar or cisternal fluid [13]. This continuous flow 
into the venous system dilutes the concentration 
of larger, lipid-insoluble molecules penetrating 
the brain and CSF [14]. CSF is normally free of 
red blood cells and at most contains only a few 
white blood cells. Any white blood cell count 
higher than this constitutes pleocytosis [15].

Unlike plasma, CSF has only trace amounts of 
cells, protein, and immunoglobulins [16]. Normal 
cell count of CSF is usually lower than 5 cells/
mL [6]. Despite changes in blood composition 
and flow, the composition of CSF is kept con-
stant. This provides a stable intraventricular envi-
ronment, critical for maintaining normal neuronal 
function [7].

The composition of CSF shows a high 
dynamic range, and the levels of distinct proteins 
vary due to several influencing factors, such as 
site of production (brain or blood-derived), site of 
sampling (ventricular or lumbar), CSF flow rate 
(BCB function), diurnal fluctuations of CSF pro-
duction rate, and finally, molecular size of blood- 
derived proteins (IgM vs. albumin) and circadian 

rhythm (glucose, prostaglandin D synthase). 
Alterations of lumbar CSF are mainly influenced 
by processes of the CNS located adjacent to the 
ventricular and spinal CSF space and less by 
pathologies in cortical areas remote from the ven-
tricles [5].

2.5  Functions of CSF

The CSF protects the central nervous system 
(CNS) in different ways involving metabolic 
homeostasis, supply of nutrients, functioning as 
lymphatic system, and regulation of intracranial 
pressure. Moreover, CSF also plays a prominent 
role in brain development. It provides basic 
mechanical and immunological protection to the 
brain inside the skull [5]. CSF provides hydrome-
chanical protection of the neuraxis through two 
mechanisms [6]. First, CSF acts as a shock 
absorber, cushioning the brain against the skull 
[7]. It protects the brain tissue from injury when 
jolted or hit, by providing a fluid buffer that acts 
as a shock absorber from mechanical injury [9, 
17]. Second, CSF allows the brain and spinal 
cord to become buoyant, reducing the effective 
weight of the brain from its normal 1500  g to 
lesser 50 g. The reduction in weight lessens the 
force applied to the brain parenchyma and cere-
bral vessels during mechanical injury [7]. The 
actual mass of the human brain is about 1400–
1500 g; however, the net weight of the brain sus-
pended in CSF is equivalent to a mass of 25–50 g 
[17, 18]. The brain therefore exists in neutral 
buoyancy, which allows the brain to maintain its 
density without being impaired by its own weight, 
which would cut off blood supply and kill neu-
rons in the lower sections without CSF [9].

The prevention of brain ischemia is aided by 
decreasing the amount of CSF in the limited 
space inside the skull. This decreases total intra-
cranial pressure and facilitates blood perfusion. 
CSF also serves a vital function in cerebral auto-
regulation of cerebral blood flow [17].

Another function of CSF is to maintain 
homeostasis of the interstitial fluid of the brain. A 
stable environment for brain parenchyma is 
imperative for maintaining normal neuronal 
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function. The major conduit of nutrient supply to 
the brain is the CP-CSF-ECSB (choroid plexus- 
CSF- extracellular space of the brain) connection 
[17]. Substrates needed by the brain are trans-
ported from the blood, through the CP, into the 
CSF, and then diffuse into the ECSB for transpor-
tation to their sites of action within the brain [16].

CSF allows for regulation of the distribution 
of substances between cells of the brain [7], and 
neuroendocrine factors, to which slight changes 
can cause problems or damage to the nervous 
system. For example, high glycerine concentra-
tion disrupts temperature and blood pressure con-
trol, and high CSF pH causes dizziness and 
syncope [15].

CSF also assists in the removal of waste prod-
ucts of brain metabolism, such as products of per-
oxidation, glycosylated proteins, excess 
neuro transmitters, debris from the lining of the 
ventricles, bacteria, viruses, and otherwise unnec-
essary molecules [6, 7, 16]. Accumulation of such 
unnecessary molecules, seen in aging and some 
neurodegenerative diseases, interferes with neu-
ronal functioning of the brain. CSF is critical in 
the brain’s lymphatic system. Metabolic waste 
products diffuse rapidly into CSF and are removed 
into the bloodstream as CSF is absorbed [19].

2.6  Secretion of CSF

CSF is predominantly, but not exclusively, 
secreted by the choroid plexuses located within 
the ventricles of the brain, with the two lateral 
ventricles [6]. Brain interstitial fluid, ependyma, 
and capillaries may also play a poorly defined 
role in CSF secretion [5, 7].

Sixty to seventy-five percent of CSF is pro-
duced by the choroid plexuses of the lateral ven-
tricles and the tela choroidea of the third and 
fourth ventricles [7]. Its secretion varies between 
individuals with adult production, usually rang-
ing between 400 and 600 mL/day [6]. CSF forms 
at a rate of about 0.3–0.4 mL/min; translating to 
18–25 mL/h and 430–530 mL/day [11].

The constant secretion of CSF contributes to 
complete CSF renewal four to five times per 24-h 
period in the average young adult [1]. Reduction 

of CSF turnover may contribute to the accumula-
tion of metabolites seen in aging and neurode-
generative diseases [6, 7].

The epithelial cells of the choroid plexus 
secrete cerebrospinal fluid (CSF), by a process 
that involves the movement of Na(+), Cl(−), and 
HCO(3)(−) from the blood to the ventricles of 
the brain. This creates the osmotic gradient, 
which drives the secretion of H(2)O. The unidi-
rectional movement of the ions is achieved due to 
the polarity of the epithelium, i.e., the ion trans-
port proteins in the blood-facing (basolateral) are 
different to those in the ventricular (apical) mem-
branes [20].

The molecular constituents of CSF are mainly 
blood-derived (80%), while the remainder con-
sists of brain-derived and intrathecally produced 
molecules (20%) [5].

The CSF space is separated from the vascular 
system by the blood–CSF barrier (BCB), whereas 
the blood–brain barrier (BBB), responsible for 
maintaining the homeostasis of the brain, is 
located between brain parenchyma and vascular 
system. Although both barriers have similar func-
tions, they differ with regard to their morphologic 
and functional properties. Both barrier systems 
are permeable not only for small molecules, but 
also for macromolecules and circulating cells. 
The transport of molecules across the BBB and 
BCB is regulated by passive diffusion (e.g., albu-
min, immunoglobulins) and facilitated or active 
transport (e.g., glucose). The extracellular space 
volume, potassium buffering, CSF circulation, 
and interstitial fluid absorption are mainly regu-
lated by aquaporin-4 channels, which are abun-
dantly located at the blood–brain and brain–CSF 
interfaces [5].

Choroidal secretion of cerebrospinal fluid 
comprises two steps. The first step consists of 
passive filtration of plasma from choroidal capil-
laries to the choroidal interstitial compartment 
according to a pressure gradient. The second step 
consists of active transport from the interstitial 
compartment to the ventricular lumen across the 
choroidal epithelium, involving carbonic anhy-
drase and membrane ion carrier proteins [7].

The CP is a highly specialized simple cuboi-
dal epithelium continuous with ependymal cells 
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lining the ventricles of the brain. This simple 
cuboidal epithelium surrounds clusters of fenes-
trated capillaries allowing for the filtration of 
plasm [7]. Cells of the CP have dense microvilli 
present on their apical surface and are intercon-
nected via tight junctions, creating a blood–CSF 
barrier that helps to control the composition of 
CSF [6]. Because there is no appreciable barrier 
between the CSF and the ECSB, the blood–CSF 
barrier also serves to regulate the environment of 
the brain [16]. Larger substances such as cells, 
protein, and glucose are not allowed passage, 
whereas ions and small molecules such as vita-
mins and nutrients are able to pass into the CSF 
relatively easily [21]. Water is allowed passage 
through the CP epithelium via epithelial AQP1 
channels. Substances that may not pass through 
the blood–CSF barrier but are needed by the 
brain can be actively synthesized by or actively 
transported through the CP epithelial cells into 
the CSF. A 5 mV lumen positive voltage potential 
is present across CP epithelial cell membranes. 
This difference of electrical potential pulls 
sodium, chloride, and bicarbonate ions from the 
plasma into the CSF, creating an osmotic gradi-
ent, which then drives the movement of water 
into the CSF. No cells are able to pass through the 
blood–CSF barrier although small numbers of 
white blood cells are usually introduced to the 
CSF indirectly [7].

2.7  Mechanism of CSF 
Circulation

CSF circulates in a craniocaudal direction from 
ventricles to spinal subarachnoid space [5]. After 
production, CSF movement generally occurs 
through the ventricular system, assisted, in part, 
by ciliated ependyma which beat in synchrony 
[22]. Recent studies demonstrated that CSF move-
ment is not presented as a circulation, but a per-
manent rhythmic systolic–diastolic pulsation in 
all directions. Such movement also represents the 
main force of substance distribution inside the 
CSF system. This distribution occurs in all direc-
tions, i.e., in the direction of the imagined circula-
tion, as well as in the opposite direction [23].

CSF is secreted constantly with an unchang-
ing composition, functioning to maintain a stable 
environment within the brain [7]. CSF is pro-
pelled along the neuroaxis from the site of secre-
tion to the site of absorption mainly by the 
rhythmic systolic pulse wave within the choroi-
dal arteries. Lesser determinants of CSF flow are 
frequency of respiration, posture, venous pres-
sure of the jugular vein, physical effort of the 
subject, and time of day [16].

CSF flows throughout the ventricular system 
unidirectional in a rostral to caudal manner. CSF 
produced in the lateral ventricles would travel 
through the interventricular foramina to the third 
ventricle, through the cerebral aqueduct to the 
fourth ventricle, and then through the median 
aperture (also known as the foramen of Magendie) 
into the subarachnoid space at the base of the 
brain [6]. Once in the subarachnoid space, the 
CSF begins have a gentle multidirectional flow 
that creates an equalization of composition 
throughout the CS. CSF flows over the surface of 
the brain and down the length of spinal cord 
while in the subarachnoid space [7, 9, 16].

There is a connection from the subarachnoid 
space to the bony labyrinth of the inner ear mak-
ing the cerebrospinal fluid continuous with the 
perilymph in 93% of people [7].

2.8  Absorption of CSF

From spinal subarachnoid space the CSF is 
removed via craniocaudal lymphatic routes and 
the venous system [5]. CSF leaves the subarach-
noid space through arachnoid villi found along 
the superior sagittal venous sinus, intracranial 
venous sinuses, and around the roots of spinal 
nerves. Arachnoid villi are protrusions of 
 arachnoid mater through the dura mater into the 
lumen of a venous sinus. A 3 to 5 mmHg pressure 
gradient between the subarachnoid space and 
venous sinus pulls CSF into the venous outflow 
system through the arachnoid villi [6].

Arachnoid granulations act as an avenue for 
CSF reabsorption into the blood circulation 
through a pressure-dependent gradient. The 
arachnoid granulations appear as outpouchings 
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into the superior sagittal sinus (SSS) due to the 
pressure in the subarachnoid space being greater 
than the venous sinus pressure (NB: direct visual-
ization of arachnoid granulations intraoperatively 
would reveal the inverse) [24].

There have been studies describing CSF reab-
sorption into the dural venous plexus. At birth, 
arachnoid granulations are not fully developed, 
and CSF absorption relies on the venous plexus 
of the inner surface of dura that is more robust in 
infants [25, 26].

CSF may also enter into the lymphatic system 
via the nasal cribriform plate or spinal nerve 
roots. Clearance of CSF is dependent upon the 
posture of the subject, pressure differentials, and 
pathophysiology [16].

Cranial and spinal arachnoid villi have been 
considered for a long time to be the predominant 
sites of CSF absorption into the venous outflow 
system. Experimental data suggest that cranial 
and spinal nerve sheaths, the cribriform plate, 
and the adventitia of cerebral arteries constitute 
substantial pathways of CSF drainage into the 
lymphatic outflow system [7].

2.9  The New Hypothesis 
of Production, Circulation, 
and Absorption of CSF

The classic hypothesis of CSF hydrodynamics 
presents the cerebrospinal fluid (CSF) as the 
“third circulation,” which flows from the brain 
ventricles through the entire CSF system to the 
cortical subarachnoid space to eventually be pas-
sively absorbed into the SSS through arachnoid 
granulations. The choroid plexus represents a key 
organ in the classic CSF physiology and a power-
ful biological pump, which exclusively secretes 
CSF [6].

However, numerous evidence of a new hypoth-
esis of CSF hydrodynamics demonstrate a sig-
nificantly strong relationship between the CSF 
and interstitial fluid (IF). Moreover, CSF and IF 
are mainly produced and absorbed in the paren-
chymal capillaries of the brain and spinal cord. A 
considerable amount of CSF and IF is also 
absorbed by the lymphatic system, and CSF 

movement is not unidirectional flow. It is only 
local mixing and diffusion [27].

Recent studies presented arguments in favor 
of the thesis that the CPs are neither biological 
pumps nor the main site of CSF secretion; that 
they do not participate in regulation of ICP/CSF 
pressure; are not the reason for the existence of 
hydrostatic pressure gradient in the CSF system 
and that this gradient is not permanent (disap-
peared in the horizontal position); and that they 
do not generate imagined unidirectional CSF 
circulation, hydrocephalus development, and 
increased ICP/CSF pressure. The classic 
hypothesis cannot provide an explanation for 
these controversies but the recently formulated 
Bulat-Klarica-Orešković hypothesis can. 
According to this hypothesis, CSF production 
and absorption (CSF exchange) are constant and 
present everywhere in the CSF system, and 
although the CSF is partially produced by the 
CP, it is mainly formed as a consequence of 
water filtration between the capillaries and 
interstitial fluid. Accordingly, they postulated 
that CP, AV (arachnoid villi), and lymphatics 
become minor sites for CSF hydrodynamics 
[10, 23, 28, 29].
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Pathophysiology of Skull Base 
Defect and CSF Leak

Erin Reilly and Roy Casiano

3.1  Epidemiology of CSF Leaks

Cerebrospinal fluid rhinorrhea is the result of a 
pathologic communication between the sub-
arachnoid space and the nasal cavity. This condi-
tion most often occurs secondary to an inciting 
event, but it can also develop unexpectedly. The 
epidemiology of CSF rhinorrhea has classically 
been reported in association with its etiology. An 
initial classification system described by 
Ommaya in 1968 divided CSF leaks into trau-
matic and non-traumatic origins [1]. Traumatic 
leaks were further subdivided into accidental and 
iatrogenic, and non-traumatic into high pressure 
(secondary to tumors or hydrocephalus) and nor-
mal pressure leaks (such as congenital). Schlosser 
et  al. have more recently defined the five main 
causes of CSF leaks as: accidental trauma, surgi-
cal trauma, tumor related, congenital, and sponta-
neous [2]. The most common etiology overall is 
accidental trauma and accounts for 80% of all 
CSF leaks. Surgical or iatrogenic trauma is the 
second most common cause and is responsible 
for 16% of cases. Of note, this includes both oto-
laryngologic and neurosurgical procedures. The 
remaining 4% is of non-traumatic origin [3].

3.2  Etiology 
and Pathophysiology 
of CSF Leaks

3.2.1  Traumatic

Traumatic head injuries are the most common 
cause of CSF rhinorrhea. A closed head injury is 
complicated by a CSF leak in 1–3% of patients, 
which includes CSF otorrhea. This number 
increases to 5% if there is a CSF leak in the pres-
ence of a skull base fracture. The sphenoid (30%) 
and frontal sinuses (30%) are the most common 
sites of injury, followed by the ethmoid sinus 
(23%) [3]. The majority of these leaks occur as a 
result of blunt trauma, simply because of the 
higher incidence of blunt trauma overall com-
pared to penetrating trauma. The exact mecha-
nism of injury can range from a small bony 
fracture with laceration of the meningeal layers 
to significant comminution of the skull base. In 
contrast to the middle and posterior cranial fos-
sae, a CSF leak from the anterior skull base is 
more frequent because of the firm adherence of 
the dura mater to the skull in this area. In addi-
tion, the horizontal cribriform plate is a thin and 
fragile bone that is covered only by an arachnoid 
layer, thus missing the protection of a true dural 
investment [4].E. Reilly (*) 
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3.2.2  Iatrogenic

CSF leak is a known complication of endoscopic 
sinus surgery, but the overall incidence is less 
than 1%. The ethmoid sinus or cribiform plate, in 
particular the posterior ethmoid roof near the 
anterior medial face of sphenoid, is the site of 
injury 80% of the time. A CSF leak of the frontal 
sinus occurs less frequently (8%) and is rarely 
encountered in the sphenoid sinus (4%) [3]. 
Iatrogenic trauma to the skull base is exacerbated 
by an inexperienced surgeon, impaired orienta-
tion, excessive inflammatory disease resulting in 
increased bleeding or loss of anatomical land-
marks from previous surgery. Injury has been 
found to occur more commonly on the right side 
of the nasal cavity, due to the higher prevalence 
of right-handed surgeons and the tendency for the 
angle of surgical approach to drift medially [5]. 
Anatomical variations may also contribute to iat-
rogenic injuries, such as a lower cribiform height 
relative to the height of ethmoid roof (i.e. Keros 
classification), greater slope of the ethmoid roof 
in the sagittal plane or an excessive maxillary 
pneumatization causing a corresponding decrease 
in posterior ethmoid pneumatization [2, 6]. 
Iatrogenic injury of the skull base can also occur 
during neurosurgical procedures and is most 
common after a transsphenoidal hypophysec-
tomy. In these cases, a CSF leak will occur if sur-
gical manipulation disrupts the sellar diaphragm. 
The literature reports an intraoperative CSF leak 
rate ranging between 10% and 61% during sellar 
surgery [7].

3.2.3  Congenital

Congenital CSF leaks are the least frequent etiol-
ogy encountered. Improper embryologic devel-
opment of the anterior cranial fossa can cause 
lesions such as dermoids, gliomas, and cephalo-
celes, but these are infrequently associated with 
CSF rhinorrhea. Congenital cephaloceles are 
classified on the basis of location, and the basal 
subtype can occasionally present with a CSF 
leak. Examples of midline basal cephaloceles 
include transethmoidal, sphenoethmoidal, and 

sphenopharyngeal types. The basal variation 
comprises 10% of all cephaloceles and results 
from failed ossification of the skull base with 
extension of neural crest cells through the defect. 
Cephaloceles at the cribriform plate may be 
caused by aberrant development at a natural 
opening for an olfactory fili [8]. In contrast, sin-
cipital (also known as frontoethmoidal) cephalo-
celes usually manifest as an external forehead or 
nasal mass because they are caused by failed 
detachment of the cutaneous ectoderm from the 
neuroectoderm of the anterior neuropore. During 
gestation, a transient dural diverticulum extends 
from the anterior cranial fossa to the skin through 
the fonticulus frontalis and prenasal space. The 
fonticulus frontalis temporarily separates the 
frontal and nasal bones, while the prenasal space 
is located between the nasal bones and cartilage. 
This dural diverticulum normally regresses 
between the fourth and seventh week of develop-
ment and leaves a blind-ending sac called the 
foramen cecum. Any failure in this regression can 
cause an incomplete separation of the dura from 
the overlying skin, resulting in a cephalocele. 
There are three types of frontoethmoidal cepha-
loceles: frontonasal cephaloceles (40–60%), 
which protrude through the fonticulus frontalis 
into the glabella, nasoethmoidal cephaloceles 
(30%), which protrude through the foramen 
cecum into the nasal cavity, and naso-orbital 
cephaloceles, which protrude into the orbit 
through the lacrimal bone [9].

There is some debate surrounding CSF leaks 
in the sphenoid sinus with respect to a possible 
congenital origin. During embryogenesis, the 
sphenoid bone is formed from ossification and 
fusion of five cartilaginous areas that subse-
quently fuse into a single bone. In 1888, Sternberg 
described the development of a persistent lateral 
craniopharyngeal canal if there is incomplete 
fusion of the greater wing with the central carti-
laginous precursors. It has been suggested that 
this preexisting embryologic skull base variant 
may predispose to CSF leaks later on in life. 
However, this theory has since been disproven as 
it ignores the known pattern of pneumatization of 
the sphenoid sinuses which are not present in this 
region at the time of birth. Furthermore, the 
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 location of Sternberg’s canal has been described 
medial to the superior orbital fissure, and most 
spontaneous skull base defects within the sphe-
noid are within the lateral recess [10].

3.2.4  Neoplastic

Tumors most commonly lead to CSF leaks 
through direct tumor invasion across the skull 
base. This can occur from a primary brain tumor 
extending into the nasal cavity, or from a sinona-
sal mass that has spread intracranially. Rarely, 
tumors can indirectly lead to CSF leaks second-
ary to therapeutic treatments or by blocking CSF 
flow and causing hydrocephalus [11].

3.2.5  Spontaneous

Spontaneous CSF leaks are a distinct clinical 
entity defined as CSF rhinorrhea that occurs in 
the absence of any inciting event. However, we 
have recently discovered significant overlap in 
the demographic, clinical, and radiographic char-
acteristics of patients with spontaneous CSF leak 
and idiopathic intracranial hypertension (IIH). 
70% of patients with a spontaneous CSF leak 
meet the modified Dandy criteria used to diag-
nose IIH. For both conditions there is a female 
preponderance (70–80%) and a high incidence of 
comorbid obesity (80–90%) [12]. Elevated intra-
cranial pressures have also been diagnosed via 
lumbar puncture both pre- and postoperatively 
[13, 14]. Nonetheless, the exact pathophysiology 
of both disease processes remains unknown. It is 
hypothesized that a constant pulsatile pressure 
exerted on the skull base at sites of inherent struc-
tural weakness results in gradual bony erosion. It 
has also been suggested that the floor of the mid-
dle cranial fossa harbors small arachnoid perfora-
tions or pits, and over time higher than normal 
forces can cause progressive thinning of the 
meninges with eventual rupture [15]. The cribi-
form plate and lateral recess of the sphenoid 
sinus are the most common sites affected, as they 
are regions of thin bone overlying a large pneu-

matized area. More specifically, the lateral 
lamella is the most frequent site of spontaneous 
CSF leaks. It is the thinnest bone of the skull base 
(<1 mm) and is located in the midline of the ante-
rior cranial fossa, where CSF may preferentially 
gravitate. CSF leaks within the lateral recess of 
the sphenoid sinus have been thought to occur 
secondary to excessive pneumatization of the 
pterygoid process with attenuation of the sphe-
noid sinus roof.
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Key Points and High Risk Features
• Cerebrospinal fluid (CSF) rhinorrhea 

may be classified as traumatic (>90%) 
and nontraumatic (<10%).

• Approximately 80% of traumatic CSF 
leaks occur after accidental trauma, and the 
remaining 20% occur after neurosurgical 
and rhinologic procedures. Nontraumatic 
etiologies include idiopathic intracranial 
hypertension (IIH), neoplasms, and other 
causes of hydrocephalus.

• A detailed history and physical exami-
nation, which include a complete sino-
nasal evaluation, are necessary to rule 
out common conditions which may 
mimic CSF rhinorrhea.

• In a subset of patients with CSF rhinor-
rhea, clinical presentation is not straight-
forward, and missed or delayed diagnosis 
may occur. Clinicians must maintain a 

high degree of suspicion when common 
symptoms (namely rhinorrhea) do not 
closely match all of the features of com-
mon conditions (namely rhinitis).

• Clinical features of CSF rhinorrhea include:
 – Unilateral clear watery drainage
 – Drainage with a characteristic metal-

lic or salty taste
 – Positional or exertional clear rhinorrhea
 – History of significant head trauma or 

sinus/skull base surgery
 – History of bacterial meningitis
 – Nasal drainage which does not 

respond appropriately to trial of rhi-
nitis medication

 – Demographics: Female gender, mid-
dle aged, obesity

 – Signs or symptoms of intracranial 
hypertension: Papilledema, non- 
specific positional headaches, double 
vision, balance dysfunction, pulsatile 
tinnitus (these signs and symptoms 
may be absent as an active CSF leak 
may reduce intracranial pressure suf-
ficiently to avert the signs/symptoms 
of intracranial hypertension)

 – Both CT and MR imaging can show evi-
dence of skull base defects, commonly 
at the lateral recess of the sphenoid or 
lateral lamella of the cribriform plate, 
the site of traumatic skull base disrup-
tion, and/or evidence of an empty sella.
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4.1  Introduction

Cerebrospinal fluid (CSF) rhinorrhea results 
from a direct communication between the sub-
arachnoid space and the paranasal sinuses. This 
communication may serve as a path for the spread 
of bacteria or other microorganisms that can 
cause intracranial infections, including bacterial 
meningitis. Additionally, skull base defects 
through which CSF drains can provide a route for 
the development of pneumocephalus, which may 
lead to brain compression. Although CSF rhinor-
rhea has a characteristic clinical presentation 
(namely unilateral watery rhinorrhea after a sig-
nificant head trauma), its diagnosis and localiza-
tion remain challenging in many patients. Several 
factors may make confirmation of CSF rhinor-
rhea difficult in specific settings. First, CSF rhi-
norrhea is relatively rare, while conditions such 
as allergic rhinitis, nonallergic rhinitis, and vaso-
motor rhinitis are relatively common. These con-
ditions may mimic the signs and symptoms of 
CSF rhinorrhea or they may occur concurrently 
with CSF rhinorrhea. Second, CSF rhinorrhea is 
frequently intermittent. As such, confirmatory 
testing performed at a time when the CSF rhinor-
rhea is not active may lead to false negative 
results. Thus, a high degree of suspicion is 
required to make an accurate and timely 
diagnosis.

4.2  Classification

Table 4.1 summarizes a classification system for 
all causes of CSF rhinorrhea. The importance of 
accurate classification was first recognized by 
Ommaya et al., who divided CSF rhinorrhea into 
traumatic and nontraumatic leaks [1]. The term 
“spontaneous” was felt to be inappropriate by 
these authors, who noted that after a thorough 
workup, a specific etiology can be found in most 
instances of the so-called spontaneous CSF rhi-
norrhea. Since most presentations of “spontane-
ous” CSF rhinorrhea have a specific etiology, this 
term is only appropriate in true idiopathic cases.

There is paucity of data about the incidence of 
CSF rhinorrhea. Only 4% of all CSF leaks are 
nontraumatic, and 16% occur as a direct result of 

intracranial and extracranial procedures [2]. 
Historically, approximately 80% of all cases of 
CSF rhinorrhea were related to accidental trauma, 
most frequently closed head injuries. However, 
CSF rhinorrhea is noted in only 2–3% of serious 
head trauma presentations [2]. A CSF leak is 
present in 12-30% of skull base fractures diag-
nosed on imaging [3]. The majority of traumatic 
CSF rhinorrhea presentations become clinically 
evident within 2  days and almost all manifest 
within 3 months after the traumatic event [4].

More recent data suggest that iatrogenic CSF 
leaks are more common than CSF leaks due to 
accidental trauma [5–8]. A 2007 survey of otolar-
yngologists showed that 25% of respondents had 
experienced an intraoperative CSF leak in the 
previous 5 years [9]. Overall, the rate of CSF leak 

Table 4.1 Classification system for all causes of CSF 
rhinorrheax

I. Traumatic
 A. Accidental
 1. Immediate
 2. Delayed
 B. Surgical
 1. Complication of neurosurgical procedures
 a. Transsphenoidal hypophysectomy
 b. Frontal craniotomy
 c. Other skull base procedures
 2. Complication of Rhinologic procedures
 a. Sinus surgery
 b. Septoplasty
 c. Other combined skull base procedures
II. Nontraumatic
 A. Elevated intracranial pressure
 1. Intracranial neoplasm
 2. Hydrocephalus
 a. Noncommunicating
 b. Obstructive
 3. Idiopathic intracranial hypertension (IIH)
 B. Normal intracranial pressure
 1. Congenital anomaly
 2. Skull base neoplasm
 a. Nasopharyngeal carcinoma
 b. Sinonasal tumors
 3. Skull base erosive process
 a. Sinus mucocele
 b. Osteomyelitis
 c.  Granulomatous inflammatory processes, 

including granulomatosis with 
polyangiitis.

 4. Idiopathic

I. L. Schmale et al.
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due to endoscopic sinus surgery has been reported 
as 0.5% [10].

4.3  History

Specific aspects of a patient’s clinical history 
should guide clinicians toward a diagnosis of 
CSF rhinorrhea (Fig. 4.1). Classically, a patient 
with active CSF rhinorrhea will endorse a history 
of unilateral watery, clear nasal discharge  
[11–13]. The discharge is frequently associated 
with a metallic or salty taste, although this is not 
always the case. Rhinorrhea caused by a CSF 
leak also tends to be positional, and patients may 
describe watery drainage that occurs when bend-
ing. Concomitant factors, such as a nasoseptal 
perforation, may lead to bilateral watery drain-
age. Rarely, a leak may originate from each side 
of an intact nasal septum through concurrent 
bilateral skull base defects. Additionally, if a 
skull base defect is posterior, the drainage may 
go posteriorly and only be felt in the throat or be 
mistakenly perceived as bilateral.

In the setting of rhinorrhea after trauma, the 
circumstances of the preceding traumatic event 
may raise suspicion for the presence of a skull 
base defect. Unilateral watery drainage that 
develops after a head injury or unilateral watery 
drainage noted after sinus surgery or skull base 
surgery should prompt further investigation to 
confirm and localize a potential CSF leak.

If a CSF leak involves the cribriform plate, 
then patients may report hyposmia, anosmia, 
and/or parosmias (although the vast majority of 
skull cribriform plate leaks do not have associ-
ated sense of smell complaints). Skull base neo-
plasms causing CSF leak are exceedingly rare 
and produce remarkably few symptoms, until the 
tumor becomes quite large and begins to damage 
or destroy adjacent structures and cranial nerves 
and other structures. Alternatively, skull base 
neoplasms that are responding to chemotherapy 
or radiation therapy treatment may shrink, and 
rarely, tumor shrinkage may lead to the develop-
ment of a CSF leak as the tumor no longer is 
large enough to fill the skull base defect.

A detailed sinonasal history is important dur-
ing the workup of patients with suspected CSF 

rhinorrhea. Inflammatory conditions such as 
chronic rhinosinusitis or allergic and nonallergic 
rhinitis may have fluctuating nasal symptoms 
which can mimic the complaints of a patient with 
an intermittent CSF leak [14, 15]. Additionally, 
some of these patients may have undergone pre-
vious sinus surgery, and thus CSF rhinorrhea 
may be a manifestation of unrecognized iatro-
genic skull base injuries.

A detailed headache history must be explored. 
Some patients with idiopathic, nontraumatic CSF 
rhinorrhea can report non-specific, diffuse head-
aches that improve when the rhinorrhea occurs 
and worsens when the rhinorrhea stops. The 
pathophysiology of these headaches likely relates 
to variations in ICP. When the ICP is elevated, the 
headache occurs; however, with active CSF leak, 
the ICP tends to normalize and the headache 
improves. Alternatively, the headache may 
develop in the setting of low ICP due to CSF 
depletion [16]. Rarely, this occurs due to skull 
base defects; more commonly, CSF depletion 
results from dural defects along the spine.

Rarely, a chronic headache may result from an 
unrecognized intracranial neoplasm that is pro-
ducing elevated ICP and/or hydrocephalus. 
Additionally, severe chronic headache may also 
occur due to low ICP caused by chronic CSF 
depletion through a high-volume leak. Patients 
with symptoms due to CSF depletion may report 
headaches which are made worse by sitting or 
standing upright and relieved by lying flat [16].

A history of bacterial meningitis, especially 
recurrent episodes of bacterial meningitis, 
strongly suggests a possible skull base defect that 
provides a route for the direct spread of bacteria 
from the paranasal sinuses to the intracranial 
space. Persistent rhinorrhea combined with a his-
tory of unexplained meningitis (isolated or recur-
rent) should raise the suspicion of a CSF leak and 
consideration of further confirmatory testing.

Certain clinical/demographic characteristics 
are associated with spontaneous CSF rhinorrhea. 
Among nontraumatic CSF rhinorrhea patients, 
from 77% to 87% of patients are female, typical 
age of presentation is between 41 and 65 years 
old, and the majority of patients in this popula-
tion are obese (>30 kg/m2) [11, 17, 18]. Overall 
the demographic pattern for spontaneous CSF 

4 Clinical Presentation of CSF Rhinorrhea
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leak populations mimics the idiopathic intracra-
nial hypertension (IIH population) [19]. In fact, 
in 2006, Schlosser et al. demonstrated that 8 of 
11 patients (73%) with apparent idiopathic CSF 
rhinorrhea strictly fulfilled the modified Dandy 
criteria to make the diagnosis of IIH [20].

CSF leaks that are seemingly idiopathic are 
frequently preceded by increases in intracranial 
pressure (ICP). If intracranial hypertension is the 
cause of CSF rhinorrhea, findings such as papill-
edema, double vision, balance dysfunction, and 
pulsatile tinnitus may be present. However, if a 
patient has an active leak, the drainage of CSF 
may be sufficient to prevent obvious clinical 
signs of intracranial hypertension. In a study by 
Aaron et  al., patients with a spontaneous CSF 
leak were evaluated by ophthalmology preopera-
tively and 0/16 had papilledema, with 11/16 dem-
onstrating CSF pressure of ≥35 after surgical 
repair [21]. Furthermore, in studies performed by 
Schlosser et  al. and a subsequent study by 
Woodworth et al., 7/8 and 45/48 patients, respec-
tively, had elevated ICP as measured by lumbar 
puncture post-endoscopic repair of spontaneous 
CSF leaks [22, 23]. For these reasons, some sur-
geons may routinely employ drugs such as acet-
azolamide (a carbonic anhydrase inhibitor that 
reduces ICP) postoperatively and/or include CSF 
diversions as part of the treatment. In contrast, 
other surgeons rarely rely upon these measures 
and report similarly good outcomes. Because (1) 
spontaneous CSF leaks are rarely preceded by 
the full set of signs and symptoms of elevated 
ICP, (2) surgeons report comparable closure rates 
regardless of attempts to reduce ICP, and (3) not 
all patients develop elevated ICP after successful 
CSF leak repair, the presumed ICP increase that 
preceded the CSF leak development must be 
transient or intermittent. Alternatively, ICP may 
reset after successful skull base repair.

4.4  Physical Exam

In a patient with suspected CSF rhinorrhea, the 
clinician should seek to demonstrate unilateral 
clear rhinorrhea by having the patient lean for-
ward. This can take several seconds to several 
minutes. Importantly, even if the maneuver fails 

to elicit watery drainage, it should not be inferred 
that a CSF leak does not exist, especially if there 
is high clinical suspicion based on history and 
imaging findings.

When bloody nasal drainage is dropped on a 
piece of filter paper or paper towel a clear ring 
forms around the central bloody spot—demon-
strating the “halo” sign. However, in the only 
study to date to analyze the halo sign for 
 confirmation of CSF rhinorrhea, other clear fluids 
such as saline and tap water will also separate 
from blood to create a halo [24]. In practice, if 
collected drainage contains saliva, tears, or even 
normal nasal discharge, a falsely positive “halo” 
sign can be observed. Thus, a “halo” sign is not a 
reliable indicator for the presence of CSF.

The nasal exam with anterior rhinoscopy is 
usually non-specific and lacks adequate visual-
ization of the most common areas of CSF leak. 
Nasal endoscopy may show glistening and/or 
increased moisture of the nasal mucosa at the 
site of the CSF leak (Fig. 4.2). A clear stream of 
fluid may represent an active CSF leak. In some 
patients, a small meningocele in the olfactory 
fossa may be seen. Even in those who have not 
had prior sinus surgery, a 3 mm or smaller tele-
scope may be used to enter the sphenoid os 
(under ideal circumstances) and investigate the 
lateral recess for CSF leak or a meningocele. 

Fig. 4.2 Right nasal endoscopy demonstrating a small 
meningocele located in the superior aspect of the right 
middle meatus with associated clear glistening fluid

4 Clinical Presentation of CSF Rhinorrhea
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Additionally, anterior rhinoscopy together with 
endoscopy can provide evidence for the pres-
ence of other nasal conditions which may mimic 
CSF leak such as allergies, infection, and 
rhinosinusitis.

In patients with presumed idiopathic CSF rhi-
norrhea, the possibility of increased ICP and IIH 
should be carefully investigated. Patients with 
elevated ICP may have papilledema on fundo-
scopic exam when their leak is inactive. However, 
in a 2014 study, of 16 patients with elevated ICP 
who were treated for spontaneous CSF leaks, 
none had findings of papilledema preoperatively 
[21]. In addition, elevated ICP due to IIH has also 
been associated with abducens nerve palsy and as 
such these patients may have limitation of lateral 
gaze [25, 26].

4.5  Imaging Findings

CT and MRI imaging studies are complementary 
and can help localize skull base defects and con-
comitant pathology in most cases. CT scans allow 
visualization of bony details (Figs. 4.3 and 4.4), 
while MRI provides excellent soft tissue features 
(Fig.  4.3). With high-resolution CT (HRCT) 

scan, tri-planar views allow thorough evaluation 
of the integrity of the skull base and the location 
and configuration of the defects can be ade-
quately assessed. Oakley et  al. showed that 
among 14 studies evaluating the use of HRCT 
for localization of CSF leaks, 12 of them had 
sensitivities over 80% [27]. More recently, a 
2019 systematic review showed that HRCT had 
a sensitivity of 58.8–100% at detecting the site 
of a CSF leak [28]. Zalpac et al. recommended 
HRCT in their algorithm for CSF leak localiza-
tion citing an 87% accuracy rate and a substan-
tially decreased cost [29]. Larger meningoceles 
or encephaloceles may also be seen on CT; how-
ever, MRI can help better define the nature and 
extent of intracranial contents associated with a 
skull base defect and better diagnose other con-
ditions/pathologies (such as tumors and empty 
sella). The sensitivity for detection of CSF leak 
location on MRI varies from 11% to 100% in the 
published literature; however, when 3D tech-
niques were used, the sensitivity increased to 
75–100% [28]. When looking at studies utilizing 
MRI in comparison to HRCT, the sensitivities 
for CSF leak site identification were similar at 
87–89% for MRI and 88–92% for HRCT [28]. 
Similarly, Mostafa and Khafagi showed that 

a b

Fig. 4.3 Right ethmoid roof CSF leak due to a small meningocele (arrow) as seen on CT (a) and T-2 weighted MRI (b)
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Fig. 4.4 Coronal CT demonstrating a left posterior eth-
moid roof defect (arrow) after prior endoscopic sinus 
surgery

using superimposed HRCT and MRI images, the 
site of a CSF leak was accurately determined in 
17 of 19 cases (89.5%) [30].

Given the cost and availability of CT imaging, 
HRCT remains first line for the localization/iden-
tification of CSF leaks. MRI plays a complemen-
tary role and may be most useful if HRCT is 
equivocal and/or if better detail of soft tissues is 
desired.

4.6  Differential Diagnosis

A wide range of rhinologic conditions may present 
with watery nasal drainage. These include inflam-
matory and non-inflammatory rhinitis, CSF otor-
rhea, ruptured cysts, and retained nasal irrigation 
liquid. Common inflammatory conditions, such as 
seasonal and perineal allergic rhinitis and less 
commonly chronic rhinosinusitis, can present with 
clear nasal drainage. Usually clinical features such 
as bilateral drainage, inciting factors (allergens, 
eating, cold weather, CRS exacerbation), and 
response to medical therapy are present.

CSF otorrhea may present as CSF rhinorrhea. In 
this setting, a skull base defect communicates 
between the middle ear space and the intracranial 
space. With an intact tympanic membrane, the CSF 
collects in the middle ear space and then drains 

down the Eustachian tube into the nasopharynx, 
where it may then present as watery nasal drainage. 
In a patient with a middle ear effusion and sus-
pected or confirmed CSF rhinorrhea, investigations 
into a lateral skull base defect should be sought.

Patients who use sinonasal saline irrigations 
may note watery nasal drainage minutes to hours 
after completing an irrigation. When this problem 
occurs in the immediate postoperative period, it 
can be challenging to distinguish a true CSF leak 
and release of retained irrigation fluid. However, 
if irrigations are stopped, this will quickly elimi-
nate any confusing drainage, but with a true CSF 
leak clear drainage will continue.

Occasionally, a sinus retention cyst may rup-
ture and cause unilateral clear rhinorrhea. This 
typically happens after blunt head trauma or dur-
ing a viral upper respiratory tract infection. This 
drainage usually quickly resolves. If imaging is 
performed, typically air fluid levels are seen in 
the involved sinus. A distinguishing  characteristic 
of the cyst fluid from CSF is its yellow color that 
becomes evident upon contact with a white tissue 
or a white surface [31].

4.7  Conclusion

CSF rhinorrhea occurs when a skull base defect 
allows for the passage of CSF from the intracra-
nial space to the nose and paranasal sinuses. CSF 
leaks can be categorized as traumatic and non-
traumatic. Because the clinical presentation of 
CSF leaks can be variable, CSF leak diagnosis is 
often problematic. A detailed history and physi-
cal examination are essential to making an accu-
rate and timely diagnosis. In patients with 
persistent rhinorrhea with key features (including 
unilaterality, intermittent nature made worse with 
exercise or straining, watery and clear drainage, 
salty/metallic taste), a CSF leak should be ruled 
out. Additionally, CSF rhinorrhea should be on 
the differential diagnosis list for any patient with 
persistent clear nasal drainage and a history of 
sinus/skull base surgery or bacterial meningitis. 
Specific imaging findings, including an empty 
sell or skull base defect, can raise suspicion of a 
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CSF leak. Demographic characteristics (female 
gender, middle age, and obesity) are also associ-
ated with CSF rhinorrhea. In patients with the 
appropriate clinical history and examination, 
confirmatory testing should be obtained to con-
firm or exclude the diagnosis of CSF rhinorrhea.
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Fluid Analysis in CSF Rhinorrhea 

Saad Alsaleh, Sumaiya Muathen, and Amin Javer

5.1  Introduction

Cerebrospinal fluid (CSF) rhinorrhea is a condi-
tion that results from an abnormal communica-
tion between the central nervous system (CNS), 
specifically the subarachnoid space and the sino-
nasal cavity, that can become a conduit for free 
passage of intranasal microbial flora into the 
CNS with the potential for ascending contamina-
tion of the CSF [1]. It is a serious and potentially 
fatal condition that can still on occasion become 
a major challenge in its diagnosis and manage-
ment. If left untreated, it may lead to ascending 
meningitis that develops in approximately 
10–25% of patients and up to 10% of them can be 
fatal [1, 2].

The causes of CSF rhinorrhea can be divided 
into traumatic and nontraumatic (congenital or 
spontaneous) etiologies. Nonsurgical trauma is 
the etiology in 80% of cases, while iatrogenic 
trauma accounts as the cause in 16% of cases. 

Most traumatic CSF leaks present within the first 
48 hours; however, a minority may be delayed for 
up to 3 months. Wound contracture, slow resolu-
tion of the edema, soft tissue or bony necrosis, 
and/or an increase in the intracranial pressure are 
some of the factors that may lead to a delay in the 
presentation of these cases. It is therefore essen-
tial to take a full and detailed history of prior 
trauma and surgical procedures in this group of 
patients [3, 4].

Nontraumatic CSF leaks account for approxi-
mately 4–10% of CSF rhinorrhea cases and can 
be challenging for the clinician to diagnose cor-
rectly. Nontraumatic CSF leaks are further subdi-
vided into normal-pressure and high-pressure 
CSF leaks. Examples of high-pressures leaks 
include intracranial space-occupying lesions, 
hydrocephalus, and idiopathic intracranial hyper-
tension (IIH). The causes of normal-pressure 
CSF leaks may include infections, encephalo-
cele, cholesteatoma, arachnoid granulations, and 
empty sella syndrome. The latter was tradition-
ally considered an idiopathic cause, but more 
recently has been shown to be associated with 
elevated intracranial pressure [3, 5, 6]. 
Spontaneous CSF rhinorrhea carries the highest 
recurrence rates ranging from 25% to 87%. This 
is most likely related to its etiology believed to be 
persistent or intermittent elevated intracranial 
pressure [7].
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5.2  CSF Physiology

CSF is the end product of filtrated plasma, epen-
dymal cells, and parenchymal capillaries at the 
choroid plexus that is located within the lateral 
ventricles. It circulates throughout the subdural 
space before it gets resorbed into the venous sys-
tem. The main components that makeup CSF are 
water, various electrolytes, glucose, amino acids, 
and various proteins. CSF is colorless and lacks 
mononuclear, polymorphonuclear, or any other 
cell type [8, 9]. When the intracranial pressure 
becomes greater than central nervous system 
pressure, the arachnoid villi use one-way valves 
depending on hydrostatic pressure in a pulsatile 
manner to resorb the CSF [10]. The daily produc-
tion rate of CSF is 400–600 ml which can increase 
significantly if there is a chronic loss of CSF vol-
ume. Normal intracranial pressure (ICP) level is 
in the range of 5–15  cm H2O which can be 
affected by a change in position. An ICP rate of 
greater than 20  cm H2O is considered elevated 
and requires a full evaluation [1].

5.3  CSF Rhinorrhea Diagnosis

Reliable diagnosis of CSF rhinorrhea in cases 
with suspicious nasal secretions is the corner-
stone and first step in proper management. This is 
often problematic, especially in cases of subclini-
cal CSF leaks [2]. Diagnosis of CSF rhinorrhea is 
usually made through a combination of a thor-
ough clinical history and physical examinations 
followed by laboratory diagnostic procedures 
and imaging.

The central feature in the clinical history is 
unilateral rhinorrhea. This is usually described as 
watery, clear, and salty in taste. It often occurs 
intermittently but can be continuous and the 
amount of fluid leaking is as well variable. 
Although similar in presentation to perennial or 
seasonal allergic rhinoconjunctivitis, CSF rhinor-
rhea does not cause lacrimation, ocular or nasal 
pruritus, or sneezing. CSF rhinorrhea can be 
exacerbated by the Valsalva maneuver or by 
bending forward (teapot sign) and may present as 

postnasal drip when the patient lies supine 
(Fig. 5.1). It does not resolve with oral antihista-
mines, intranasal corticosteroids, antihistamines, 
or anticholinergics [11].

The initial step in the diagnostic approach to 
cases with CSF rhinorrhea would be the analysis 
of nasal secretions to detect the presence of 
CSF. This is done with the following tests:

5.4  Ring Sign

A ring or (halo) sign can often be appreciated 
when the CSF separates from blood over any 
white material like filter paper or other media. 
Blood remains in the center and CSF forms a 
clearer ring around it. Classically this sign has 
been used in patients with suspicious otorrhea or 
rhinorrhea after sustaining skull base trauma. 
Dula and Fales questioned the reliability of this 
sign and studied the occurrence of the ring sign 
by mixing different types of liquid media includ-
ing CSF, normal saline, nasal secretion, and tap 
water with blood on different materials like cof-
fee filters, bed linens, or paper towels. Each sam-

Fig. 5.1 CSF Rhinorrhea “teapot” sign
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ple was examined by two emergency physicians 
who were blinded to the mixture. They found that 
mixtures of CSF and blood always produced a 
clinically evident ring sign if the CSF constitutes 
between 30% and 90% of the mixture. They also 
found this sign was not exclusive to CSF and 
could be seen consistently with tap water, saline, 
or rhinorrhea fluid mixed with blood [12].

Although this test is highly sensitive, the poor 
specificity seen above undermines its ability to be 
used as a confirmatory test for CSF rhinorrhea 
and should be abandoned.

5.5  Glucose Testing

Measurement of the concentration of glucose in 
CSF (glycorrhachia) was traditionally used to 
diagnose CSF in rhinorrhea as it can be done 
quickly and cheaply. The glucose concentration 
in CSF is approximately 60–70% of its concen-
tration in blood ranging between 2.5 and 
4.4  mmol/L.  CSF glucose level can easily be 
affected by multiple factors such as CNS 
 infections, hypo or hyperglycemia, and other sys-
temic diseases [8, 9].

Little data is available regarding airway glu-
cose levels in a normal state. Generally, in sup-
port of lung defense mechanisms against 
infection, there seems to be a low concentration 
of glucose in airway surface liquids. Hull et al. 
examined the nasal secretions of 17 normal chil-
dren without CSF leak using glucose oxidase 
strips; 88% of them were found to have nasal 
secretions positive for the presence of glucose 
[13]. Metheny and colleagues, however, noted 
the presence of glucose in intubated ICU patients’ 
broncho-tracheal secretions regardless of whether 
they had received enteral feeding or had a high 
blood glucose level [14]. The test was used as a 
simple bedside indicator for aspiration of enteral 
feeding [14, 15]. In another trial utilizing glucose 
oxidase strips, Philips et al. found that nasal glu-
cose was undetectable in healthy volunteers but 
was detectable in half the volunteers who had 
acute viral rhinitis and in 90% of subjects with 
diabetes mellitus. Glucose was also found to be 

present in 51.6% of endotracheal secretions of 
intubated patients in the ICU, and this number 
was even higher in diabetic patients. In conclu-
sion, it appears that normal airway secretions in 
healthy individuals do not contain glucose unless 
the patient has evidence of airway inflammation 
or hyperglycemia [16]. Accuracy of the glucose 
oxidase strip test was also compared to the β2 
transferrin assay in 19 CSF leak patients. Glucose 
strips test demonstrated 100% sensitivity, 45% 
specificity, 57% positive predictive value, and a 
100% negative predictive value in diagnosing 
CSF rhinorrhea [17].

Examination of the glucose content in nasal 
secretion appears to be a highly sensitive test to 
detect CSF but with low specificity leading 
potentially to a large number of false positive 
results. To theoretically optimize the results, 
eliminating confounding factors such as airway 
inflammation, a high serum glucose level, and 
blood contamination of the sample is difficult 
especially in the setting of skull base trauma. 
Hence, this test should not be used routinely, and 
other, more accurate tests, should be relied upon 
as seen below.

5.6  Beta-2 Transferrin

In an effort to find a reliable test to confirm the 
presence of CSF in samples being tested, Meurman 
and Irjala were the first to demonstrate the presence 
of a β2-fraction of transferrin among CSF glyco-
proteins in 1979 [18]. This β2-isoform of transferrin 
is almost exclusively present in CSF and is thought 
to be the product of cerebral neuraminidase alter-
ing the β1-isoform which is readily available in 
serum [19, 20]. Therefore, β2- transferrin could 
serve as a reliable marker for CSF in any extracra-
nial fluid being tested. However, it has also been 
demonstrated in low concentrations in the peri-
lymph of cochlea [21] and aqueous and vitreous 
humor of the eye [22, 23].

Various methods of β2-transferrin detection 
have been described, including isoelectric focus-
ing [24, 25], silver staining [25], high-resolution 
immunofixation [20, 23, 25, 26], and sodium 
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dodecyl sulfate–polyacrylamide gel electropho-
resis (SDS-PAGE) with immunoblotting [27]. 
Unfortunately, these techniques are labor- 
intensive and require 2–4  h to perform in the 
laboratory [20, 28–30]. The cost of performing 
the test is around $ 50 [2].

β2-transferrin assay (Fig. 5.2) is a non-invasive 
highly sensitive test that could help avoid 
 conduction of further invasive and/or expensive 
investigations. The reported sensitivity ranged 
from 84% to 100% and specificity from 71% to 
100% [17, 26, 27, 31]. Of note, the sensitivity of 

testing declines significantly if the sample is con-
taminated with blood and physicians should 
interpret the results in that situation with caution 
[26, 27]. Two-dimensional gel electrophoresis 
(2-DE), however, has been reported to maintain 
its sensitivity to detect β2-transferrin despite 
gross blood contamination of samples [28].

With current electrophoretic techniques, the 
minimum required sample volume to detect β2- 
transferrin is 2 μl [30]. However, it is generally 
recommended to collect at least 0.5 ml of fluid to 
account for possible contamination with other 
fluids [32]. Sample collection methods can be 
either by direct collection into a sterile container 
or by placing absorbent material (e.g. polyvinyl 
alcohol sponge or cotton pledget) in the nasal 
cavity for 30  min to 4  h, which is then centri-
fuged to obtain the sample [17, 27]. Other 
authors, however, expressed caution regarding 
the use of carrier material in sample collection 
for a β2-transferrin assay. They state that it could 
potentially lead to specimen desiccation and pro-
tein adsorption which can result in test errors and 
false negative results [2, 33]. Clinical conditions 
that could also lead to false negative β2-transferrin 
assay results would be central nervous system 
infections caused specifically by Streptococcus 
pneumoniae [34]. False positive results, however, 
can occur due to an abnormal presence of β2- 
transferrin in the serum. This has been reported in 
patients with chronic liver disorders, neuropsy-
chiatric disorders, hereditary disorders of glyco-
protein metabolism (carbohydrate-deficient 
glycoprotein syndromes), or in the presence of 
genetic variants of transferrin that could be mis-
taken for the β2-isoform [35–37]. Therefore, it is 
advisable to routinely analyze both the serum and 
nasal fluid of each individual patient for simulta-
neous comparison and to avoid false positive 
results [32, 33].

Another concern that physicians and patients 
share is the difficulty in collecting an adequate 
amount of fluid for analysis in cases of intermit-
tent and low-flow CSF leaks. The patient is then 
obligated to collect the sample over days at home 
which can hypothetically lead to degradation of 

6 2 TRANSFERRIN(E)

1 2 3 4 5 6

Fig. 5.2 β2-transferrin gel electrophoresis image show-
ing negative nasal sample in patient A (1), serum sample 
from patient A (2), positive control containing CSF (3), 
negative control containing serum (4), positive nasal sam-
ple containing CSF in patient B (5), serum sample from 
patient B (6). Photo credit/copyright: courtesy of Mari L 
DeMarco, Providence Health Care, 2019
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the protein content secondary to time and envi-
ronmental factors. This belief, however, was 
challenged in two trials showing that β2- 
transferrin can be detected in CSF samples stored 
in room temperature (25  °C) up to 14  days. 
Hence, refrigeration of the sample is not required 
provided that it is not exposed to temperatures 
above 25 °C [38, 39].

5.7  Beta-Trace Protein

Prostaglandin D2 synthase, commonly known as 
β-trace protein, was discovered in 1961 [40, 41]. 
Felgenhauer et al. later introduced it as a reliable 
marker for CSF rhinorrhea in 1987 [42]. It is the 
second most abundant protein in CSF after albu-
min and is produced mainly in the leptomeninges 
and choroid plexus [2, 43, 44]. High concentra-
tions of β-trace protein were also found in the 
perilymph, urine, amniotic fluid, and seminal 
plasma [45–47]. Although not fully known, its 
physiological function has been investigated and 
a major role in regulating physiological sleep has 
been described [48, 49].

Although ubiquitous in many fluid compart-
ments (including serum), β-trace protein pos-
sesses the highest CSF/serum ratio among all CSF 
proteins at 34:1 [50]. It has also been noted that it 
is absent in tear fluid and nasal secretion making 
it an ideal marker for the presence of CSF in rhi-
norrhea samples [51]. Immunoelectrophoretic 
techniques were initially used to quantify β-trace 
protein which required at least 3 h to perform in 
the laboratory [52]. This, however, was largely 
replaced with a less laborious automated nephe-
lometry-based assay that shortened the analysis 
time to 15 minutes [51]. Another important advan-
tage is the low cost of the test at $20 [2].

The minimum sample volume for a β-trace 
protein assay is reported to be around 5 μl and 
collection methods are quite similar to the β2- 
transferrin assay techniques mentioned above [2, 
27, 51, 52]. However, sample distortion has not 
been observed using carrier materials [2]. Blood 
contamination of the sample has less of an effect 

on the assay, compared to the β2-transferrin 
assay, due to the predilution of samples [28, 53]. 
It has also been noted that β-trace protein is sta-
ble in room temperature for several days [52]. 
Excluding reports utilizing electrophoretic 
β-trace protein assays, multiple groups sug-
gested different cut-off β-trace concentration 
values within nasal samples for the accurate 
diagnosis of CSF leaks and ranged between 
0.496 and 6  mg/l. Using those values, the 
reported sensitivity ranged between 91 and 
100% and specificity between 96% and 100% 
[29, 31, 51, 53–56]. As minor changes in cut-off 
values could lead to a negative impact on either 
the sensitivity or specificity of the assay, some 
groups have suggested adding the β-trace secre-
tion to serum ratio to increase its diagnostic 
accuracy [31, 55, 57]. Markedly elevated levels 
of β-trace protein have been documented in the 
serum of renal failure patients which would 
eventually elevate the concentration of the pro-
tein in nasal secretions [58, 59]. The β-trace 
secretion to serum ratio could be utilized in that 
population of patients and avoid false positive 
results especially if the ratio is <1 [31]. However, 
a ratio ≥2 with a β-trace protein concentration of 
≥0.7 mg/l in nasal secretion is highly suggestive 
of CSF rhinorrhea with a sensitivity of 98.3% 
and a specificity of 96% [55]. It is important to 
also note that bacterial meningitis could lower 
β-trace protein concentration in CSF, potentially 
leading to false negative assay results [2, 60].

The diagnostic accuracy of β-trace protein and 
β2-transferrin assays has been compared in 5 dif-
ferent trials [2, 26, 28, 29, 57]. Both were reported 
to be highly sensitive and reliable tests; however, 
the majority favored the β-trace protein assay as 
the first line CSF leak screening test due to mul-
tiple advantages highlighted in Table 5.1.

5.8  Others

Transthyretin (prealbumin) has been investigated 
as a diagnostic marker for CSF. Poor diagnostic 
accuracy and reliability were demonstrated with 
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Table 5.1 Comparison between β2-transferrin and 
β-trace protein assays

β2-transferrin assay
β-trace protein 
assay

Methodology Laborious manual 
procedure

Automated 
assay

Assay duration 2–4 h 15 min
Cost $50 $20
False positive 
scenario(s)

•  Chronic liver 
disorders

•  Hereditary 
glycoprotein 
metabolism 
disorders

•  Genetic variants of 
transferrin

Renal 
insufficiency

False negative 
scenario(s)

Strep. Pneumoniae 
meningitis

Bacterial 
meningitis

the usage of the prealbumin index and level com-
pared to the β2-transferrin assay [17, 27]. 
However, a rapid (5  min) on-chip immunosub-
traction assay of transthyretin has been proposed 
with a significant increase in test specificity but 
requires further trials [61].

Another promising and novel tool to distin-
guish CSF from other fluid types is the electronic 
nose. It is able to discriminate between vaporized 
liquids using organic semiconductors and analy-
sis results are available within minutes. This 
technology has been shown to be rapid and highly 
accurate in detecting CSF, but its clinical applica-
bility warrants further investigation [62–64].

5.9  Evidence-Based Practice

The approach to a patient with possible CSF rhi-
norrhea should start with confirming the presence 
of CSF in nasal discharge. Fluid analysis is a non-
invasive cost-effective method that is incorporated 
as the first step in the diagnostic algorithm of 
clinically suspicious CSF leaks [65–68]. The 
β-trace protein and β2-transferrin assays have 
proven to be of high reliability and accuracy in 
detecting the presence of CSF as mentioned 
above. Laboratory services to perform one or both 
tests should be available in any skull base surgery 
center to prevent any unnecessary delay in man-
aging these cases. The ring sign, glucose, and pre-

albumin content of fluid have been shown to be 
inconsistent in the diagnosis of CSF leaks and 
should be abandoned. Localization of the CSF 
leakage site would be the next step in investigat-
ing these patients and will be covered elsewhere.
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Imaging in the Work-Up  
of CSF Leak

Roberto Maroldi and Giovanni Palumbo

6.1  Introduction

Cerebrospinal fluid (CSF) rhinorrhea is caused 
by the presence of both a dural and an osseous 
defect in the skull base, resulting in a communi-
cation between the intracranial cavity and either 
the nasal or the middle ear cavity [1].

Surgical localization can often be difficult, 
and the inability to accurately localize the skull 
base defect leads to increased rates of repair fail-
ure and complications, making pre-operative 
localization, through imaging, critical. The 
assessment of the location of the leakage is fre-
quently a challenging diagnostic problem. This is 
due to the fact that the possible leaking sites are 
quite numerous and may occur in the anterior, 
middle, and posterior fossae. The fact that the 
leak may be found on the side opposite to the 
dripping nostril and the possible multiplicity of 
fistulae further complicate the matter [2].

The most common location of CSF leak, 
regardless of etiology, is the ethmoid bone, fol-
lowed by the sphenoid bone [3]. As CSF leak into 
the middle ear can manifest with rhinorrhea, the 
tegmen tympani and tegmen antri should be 
included in the imaging field [4].

In the work-up of CSF rhinorrhea, either sus-
pected or already clinically diagnosed, an imag-

ing study of the skull base is mandatory. From a 
practical point of view the main goal of imaging 
is to identify the anatomic defect(s). In most 
cases, a well-performed radiological examination 
can provide additional information: a) localize 
the site(s) and assess the entity of the leak; b) 
check for sign of liquoral hypertension; c) evalu-
ate related changes of brain and liquoral spaces 
(e.g., after a trauma); d) look for surgically rele-
vant anatomic variants; e) aid in determining the 
underlying cause of the CSF leak. Ultimately, 
imaging is fundamental for proper treatment 
planning.

In order to acquire as much information as 
possible, it is up to the radiologist to perform a 
high-quality study—according to the patient’s 
compliance. That means the radiologist must 
choose the best imagine technique and imaging 
protocol for every specific patient.

Three main imaging techniques are usually 
itemized in the scientific literature about CSF rhi-
norrhea: radionuclide cisternography, computed 
tomography (CT), and magnetic resonance (MR) 
[1–9]. Having to discuss the state of the art imag-
ing for CSF rhinorrhea in 2020, we believe that 
only CT and MR are to be included, since the 
radionuclide cisternography is inaccurate, inap-
propriate and, ultimately, outdated [1, 9]. The one 
major issue, though, is that there is no imaging 
“gold standard” for the diagnosis of CSF skull 
base leaks. Actually, CT and MR are complemen-
tary rather than alternative techniques. In fact, 
while CT provides a detailed bony anatomy, 
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 particularly skull base dehiscence and/or tiny frac-
tures, it is MR that allows a better soft-tissue detail, 
including coexisting meningoencephalocele and 
incidental intracranial pathology [10]. Therefore, 
whenever possible, a complete first imaging exam-
ination should include both CT and the MR.

Finally, it should be underlined that perform-
ing a high-quality exam is critical but is just the 
first part of the job for the radiologist. In fact, 
then comes the analysis/interpretation of the 
images acquired. This requires a thorough under-
standing of the skull base anatomy as well as an 
ability to interpret high-resolution imaging.

6.2  CT

Non-contrast high-resolution computed tomogra-
phy (HRCT) is an accessible, fast, noninvasive, 
easy to perform, and relatively economic imag-
ing technique. It depicts the bone with fine detail, 
but it has low soft-tissue resolution.

CSF leakage is made possible by the presence 
of both a dural and an osseous defect. HRCT, due 
to intrinsic technical constraints, can clearly dem-
onstrate only the osseous defect. It relies on indi-
rect signs that combine the “defect” plus other 
findings indicating the existence of an active com-
munication across the skull between the intra- 
and  -extracranial content. These indirect signs 
include mucosal swelling, fluid levels within the 
paranasal sinuses, pneumocephalus, and menin-
goencephalocele (Fig.  6.1). The combination of 
the defect(s) and the indirect sign(s) leads to 
detection of the site of the leak. Therefore, a ques-
tion arises as to whether a bony defect revealed by 
HRCT does correlate with the actual site of CSF 
leak (Fig.  6.2) [5]. In spite of these limitations, 
HRCT has demonstrated sensitivity and specific-
ity up to 100%, for the detection of the leakage 
site. It should be noted, however, that the sensitiv-
ity and specificity values reported throughout the 
literature range from 37.5% to 100% and from 
57% to 100%, respectively [3, 11]. Such hetero-
geneity may be attributed to two main factors: (a) 
different etiologies of CSF leak included in the 
studies and (b) the experience of radiologists, 
reflecting the learning curve.

Eventually, since the CSF leak is not directly 
imaged, HRCT findings need confirmation, either 
by contrast-enhanced CT cisternography (CTC) 
or MR or intraoperative localization through 
fluorescein.

Contrast-enhanced CT cisternography is a 
second level examination that relies on intrathe-
cal injection of an iodinated contrast agent to 
highlight an active leakage of CSF.  Intrathecal 
administration of iodinated nonionic low- osmolar 
contrast agent (e.g., iohexol, iopamidol) is 
approved by the Food and Drug Administration 
(FDA); nonetheless inherent risks of a lumbar 
puncture (bleeding, infection, spinal headache, 
neurologic injury) and potential adverse reaction 
to contrast material should never be overlooked. 
Approximately 3–10  mL of an iodinated non-
ionic low-osmolar contrast agent is administered 
by means of lumbar puncture. Then, the patient is 
placed in a Trendelenburg position to opacify the 
basal cisterns via gravity. Maneuvers that pro-
voke an active leak, such as sneezing, laughing, 
head hanging, and Valsalva [12], may be per-
formed prior to the CT scan. Both pre- and post- 
contrast images are acquired and subsequently 
compared in order to demonstrate the passage of 
the contrast agent through a defect of the skull 
base (Fig. 6.3a, b). Even if the CSF leak is not 
directly recorded while crossing the skull base, 
the accumulation of enhanced CSF within a 
sinus, the nasal cavity, or into the middle ear may 
be demonstrated through an increase in 
Hounsfield units of at least 50% after intrathecal 
contrast administration. A pre-cisternogram plain 
CT study is also useful as it permits to differenti-
ate extracranial contrast agent accumulation from 
sclerotic sinus walls, benign high-attenuation 
inspissated sinus secretions, or blood [4]. The 
reported sensitivity of CTC for active leaks 
ranges from 85% to 92% but it has been reported 
as low as 33% in adverse conditions as the pres-
ence of low-flow fistula, hairlike communica-
tions, or inactive leaks [1, 3, 11], with an overall 
specificity of 94% [1]. A technical improvement 
of CTC could be provided by the use of dual- 
energy CT (DECT), a recently introduced CT 
scanner design whose main advantages are a bet-
ter discrimination of iodine contrast (i.e., higher 
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a b c
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Fig. 6.1 Clear fluid loss from the left nostril in a 70 years 
old woman: suspected IIH (a) NECT coronal plane; (b) and 
(c) adjacent coronal MR STIR planes; (d) left parasagittal 
NECT plane; (e) and (f) axial T2w and FLAIR planes. In (a) 
both horizontal lamellae of the cribriform plate are abnor-
mal: the right discontinuous (black arrow), the left unidenti-
fiable (white straight arrow). Below both cribriform plates, a 
“mucosal thickening” lines the vault of the olfactory fissures 
(white curve arrows), larger on the left side (dashed curve 
arrow). In the parasagittal left NECT plane (d), the “thick-
ened mucosa” extends all along the length of the olfactory 
fissure (white arrows), well below the floor of the olfactory 

fossa. The black arrows in D point to an enlarged sellar cav-
ity. The two adjacent coronal STIR MR planes (b, c) show 
that the “mucosal thickening” corresponds to a hyperintense 
fluid signal located below the right (curved arrow) and left 
cribriform plates (white straight arrows). On the left, the 
hyperintense signal continues into a vertical “stripe” that 
follows the superior turbinate. This hyperintense stripe fills 
the left spheno-ethmoidal recess (white curved arrow in e). 
Within the sphenoid sinus the T2w axial plane shows an 
hyperintense fluid-air level (white arrow in e) that turns into 
no-signal in the corresponding FLAIR image (white arrow 
in f), indicating CSF fluid

a b

Fig. 6.2 Skull base trauma one year before: clear fluid 
from left nostril in a 42 years old man. (a) High-resolution 
sagittal CBCT (200 microns) and NCE-MR CISS (b). The 
CBCT shows a focal osseous defect of the ABS at the 
fronto-ethmoidal junction (black straight arrow) and a 
soft-tissue density projecting below the defect, into the 

upper frontal recess (white arrows). The NCE-MR shows 
a hypointense continuous line above the osseous defect 
(black arrow) demonstrating that the dura mater is intact. 
A fronto-basal post-traumatic malacia (curved white 
arrows in b) is present
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sensitivity) and a lower radiation dose to the 
patient [13]. The first, and yet only, description of 
DECT applied to CT cisternography in a limited 
case series demonstrated promising results [14].

Overall, the use of CTC implies three poten-
tially harmful drawbacks: (1) a high radiation 
dose related to multiple scans; (2) inherent risks 
related to lumbar puncture (bleeding, infection, 
spinal headache, neurologic injury); (3) a possi-
ble adverse reaction to intrathecal contrast mate-
rial. Therefore, the decision to perform CTC 
should always be thoughtful.

When performing the CT scan (either HRCT 
or CTC), the scan protocol with the highest spa-
tial resolution should always be used. Nowadays 
images with an isotropic voxel of 0.6 mm3 can be 
obtained even with a low-end scanner, and they 
allow the identification of the osseous defect in 
most cases of CSF leak from the skull base. 
However, if the CT scan does not show any osse-
ous defect but there is evidence (supported by 
clinical exams or by MR) of a CSF leak, the 
acquisition of a higher resolution CT scan with a 
cone-beam-CT (CBCT) should be considered 
(Fig.  6.4). CBCT is a peculiar type of X-ray 
tomographic scanner whose main advantages 
over CT are: (1) a higher spatial resolution with 
a voxel of 0.1 mm3; (2) a lower radiation dose; 
(3) a lower metal artifacts; (4) relatively eco-
nomic and small equipment. Though, it should 
be noted that it has some disadvantages: (1) a 

reduced field of view, i.e., the anterior skull base 
(ASB) and the temporal bone need to be scanned 
separately; (2) a longer time of acquisition 
(approximately 20 sec); (3) practically no soft-
tissue resolution [15].

6.3  MR

Magnetic resonance (MR) offers noninvasive 
methods of directly imaging a CSF leak, thanks 
to the high contrast-to-noise ratio that allows to 
differentiate and characterize a wide range of soft 
tissues and fluids. Moreover, it does not require 
radiation exposure [9]. Nonetheless, MR imaging 
has some limitations: (a) safety concern linked to 
the use of a strong magnetic field; (b) a relatively 
long scan time; (c) a significant sensitivity to 
movements; (d) poor definition of bone struc-
tures. All these aspects underline that the selec-
tion and the compliance of the patient are 
important.

It should be noted, however, that the rapid 
technological improvements will make us recon-
sider in the near future many of present draw-
backs [16–18].

Either using 1.5 or 3 Tesla MR equipment, the 
strategy of the imaging protocol is primarily 
aimed at highlighting the signal of CSF, within 
and outside the skull base while achieving the 
maximum spatial resolution. Furthermore, if a 

Fig. 6.3 (a) This 47-year-old woman suffered several 
relapsing episodes of meningitis and underwent multiple 
lateral skull base approaches on the right side. In the left 
column (a1–a4) is the fusion of a non-contrast-enhanced 
MR cisternography (gray scale) with a superimposed 
CE-MR sequence (color-coded), which is also reported in 
the middle column (b1–b4). The right column shows the 
corresponding level of a post-lumbar puncture iodine-
enhanced CT cisternography (CE-CTC) (c1–c4). Each 
row replicates the same axial adjacent planes, progressing 
from the Meckel’s cave down to the soft palate. NCE-MR 
and CE-CTC demonstrate CSF leakage from the right 
Meckel’s cave (mc). The CSF signal (yellow arrows) sur-
rounds the parapharyngeal segment of the right internal 

carotid artery (ica, curved white arrow) draining from a 
leakage point in the floor of the right Meckel’s cave, 
abnormally large. The peri-carotid parapharyngeal leak 
has a high signal on the NCE-MR and shows hyperdensity 
(iodine content) on the CE-CTC.  Basilar artery, ba. (b) 
Four coronal MPR images at the same level of the skull 
base: SPACE-T2w (a), CE-MR (b), fusion of SPACE- 
T2w (gray scale) and superimposed CE-MR (color-
coded) (c), color-coded iodine CT cisternography (d). The 
parapharyngeal segment of the right internal carotid artery 
(curved white arrows in b and c) is surrounded by CSF 
(yellow arrows and dots). The CSF appears bright in 
SPACE-T2w, dark in the CE-MR, green to yellow in the 
color-coded iodine CT cisternography
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Fig. 6.4 Previous duraplasty for spontaneous CSF leak at 
cribriform plate. Persistent salty taste and no sign (neither 
radiologic nor endoscopic) of a leakage from the ASB 
floor. Two reformatted coronal CBCT adjacent slices (a), 
coronal CISS (b), reformatted coronal 3D-FLAIR (c). 
CBCT shows the dehiscence of the tegmen tympani 
(white arrows in a); MR demonstrates that the high T2w 
signal within the epitympanum (arrow in b) turns low 
intense-to-null signal in the FLAIR sequence (white 
arrow in c), indicating CSF

volumetric sequence has been acquired, addi-
tional planes can be computed from the original 
volume. In most MR equipment, a compromise 
between the volume covered and the spatial res-
olution is usually necessary. Otherwise, the 
sequence time may be excessively long, with 
more probable motion artifacts. As in most cases 
the focus is on the anterior skull base (ASB) 
floor, a direct sagittal volumetric acquisition is 
recommended. It entails some advantages: the 

volume needed to cover the width of the ASB 
floor is limited; the sagittal plane enables to 
explore the whole anterior–posterior extent of 
the ASB floor; the native sagittal plane is perpen-
dicular to the floor and may demonstrate, simul-
taneously, the defect and the meningocele 
extending within a sinus cavities or within the 
nose.

Non contrast-enhanced magnetic resonance 
cisternography (NCE-MRC) relies on heavily 
T2-weighted 3D sequences (such as fast imaging 
with steady state acquisition, CISS, or sampling 
perfection with application optimized contrast 
using different flip angle evolutions, SPACE) to 
increase the conspicuity of contrast between CSF 
and the adjacent skull base while maintaining 
high spatial resolution [11, 19] (Fig. 6.5). In both 
sequences, the signal of brain parenchyma is sup-
pressed (low signal), as well as the signal of the 
dura mater, normally seen as a continuous 
hypointense line; the CSF, instead, results hyper-
intense. In a positive study, a hyperintense CSF 
column is seen from the subarachnoid space 
communicating with the extracranial space with 
or without herniation of meninges and/or brain 
parenchyma. It should be noted, however, that 
tiny CSF leaks can be overlooked at NCE-MRC 
native images, resulting in false negative exami-
nation. Therefore, CISS/SPACE Maximum 
Intensity Projection (MIP) thin reconstructions 
should be considered, since they can make tiny 
leaks more evident.

If only an NCE-MRC is acquired, all condi-
tions resulting in an increased thickness of the 
mucosa within the sinus cavities contacting the 
ASB floor (or retained fluid) may be misinter-
preted as CSF. As for HRCT, these inflammatory 
conditions account for a relatively high incidence 
(42%) of false-positive results [9, 20]. For this 
reason, it should be recommended to integrate 
the protocol with a T2-weighted fluid attenuated 
inversion recovery (T2-FLAIR) sequence. If the 
suspected CSF tract appears hyperintense in 
NCE-MRC and shows a null signal in T2-FLAIR, 
the CSF content of the tract is confirmed 
(Fig. 6.6). The reported sensitivity of NCE-MRC 
varies from 74.7% to 100% [3], with accuracy 
ranging from 78% to 100% [4].
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a c

b d

Fig. 6.5 Persistent headache in a 53  years old woman. 
CISS vs SPACE-T2w: parasagittal CISS (a) and SPACE- 
T2w (b) taken at the level of the right optic nerve. Midline 
sagittal CISS (c) and SPACE-T2w (d). In both sequences 

fluids are bright. While CISS preserves the overall anat-
omy, the SPACE-T2w retains only the fluids, suppressing 
the background anatomy

a b

Fig. 6.6 Iatrogenic CSF leak post-septoplasty. Axial T2w 
(a) and FLAIR MR (b). In (a), hyperintense fluid fills both 
the right and left sphenoid sinuses (T2w sequence). The 

FLAIR image shows that the right sinus is filled by CSF 
(the signal turns null), while in the left sinus the mucous 
secretion remains with high signal (M)

Contrast-enhanced magnetic resonance cister-
nography (CE-MRC) is based on multi-planar 
T1-weighted sequences obtained before and after 
intrathecal gadolinium-based contrast agent 
(GBCA) administration through a lumbar punc-
ture. The GBCA dose generally safely used in 
adults is 0.5–1.0 mL [11, 20], while in children 
the optimal dose is unclear in the literature [21]. 

Post-contrast images should be obtained in the 
second hour following intrathecal GBCA admin-
istration. Additional delayed (up to 24  h) post- 
contrast images should be obtained if no contrast 
is present within the middle or anterior cranial 
fossa. Maneuvers that can provoke an active leak 
just before post-contrast image acquisition can be 
helpful to image the leakage site. Similar to CTC, 
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a positive study shows leakage of contrast agent 
through dural and adjacent osseous defects. 
CE-MRC has been reported to be up to 100% 
sensitive for high-flow leaks, and up to 60% to 
70% sensitive for slow-flow leaks with an overall 
specificity range between 53% and 100% [1, 22].

Notably, intrathecal administration of GBCA 
is not approved, either by the FDA or by the 
European Medicines Agency (EMA). Its safety at 
low doses has been reported in several pilot stud-
ies in Europe [9, 11, 20, 23, 24], though this issue 
is controversial as rare cases of acute neurotoxic 
manifestations associated with intrathecal GBCA 
injection. These adverse events have been corre-
lated mostly to high GBCA doses [23, 25, 26]. No 
long-term (up to 10 years in few cases) side effects 
related to low-dose intrathecal GBCA administra-
tion have been reported to date [22]. Different 
GBCA were also investigated, and the safest and 
the most recommended GBCA is the gadolinium 
diethylenetriamine penta-acetic acid (Gd-DTPA) 
[9, 20, 22]. According to the most recent evidence, 
administration of 0.5 mL Gd-DTPA seems to be 
safe in adult subjects with no history of allergic 
reaction to contrast agents [27]. However, long-
term effects (i.e., more than 1 year) of intrathecal 
Gd-DTPA injection are not fully known yet, since 
there are no specific human studies analyzing the 
safety profile of Gd-DTPA when used in the intra-
thecal space [25, 28].

6.4  Traumatic (Accidental) 
CSF Leak

Skull base fractures are potentially devastating 
fractures of the craniofacial skeleton. These frac-
tures involve one or more of the following bones: 
cribriform plate of the ethmoid bone, orbital plate 
of the frontal bone, sphenoid bone, occipital 
bone, or petrous or squamous temporal bone. 
Since the dura overlying the skull base is 
extremely adherent, even small fractures are 
associated with shear forces which can create 
tears in the meninges and thus predispose to CSF 
leaks (Fig.  6.7). In addition, encephaloceles or 
meningoencephaloceles can form in these skull 

base defects, potentially leading to a surgical 
emergency [29, 30].

The most common area involved in traumatic 
CSF fistula is the ethmoid-cribriform plate fol-
lowed by the posterior wall of the frontal sinus, 
the orbital roof, the sphenoid sinus, and the tem-
poral bone [1, 29].

Imaging findings in the acute setting include a 
non-displaced or comminuted fracture extending 
through the skull base and often the presence of 
pneumocephalus (Fig.  6.8). Skull base fractures 
may be difficult to detect on CT, particularly if lin-
ear and noncomminuted, and a thorough knowledge 
of skull base anatomy is necessary to avoid diagnos-
ing “pseudofractures.” As a matter of fact, small 
neural and vascular channels and foramina can 
mimic fracture lines. In addition, suture lines 
deserve special attention, because they can become 
diastatic and widened after skull base injury [31]. In 
dubious cases, three- dimensional volume rendering 
CT images are helpful in differentiating sutures 
from fractures [32]. Furthermore, HRCT may lead 
to false- positive results: congenital or acquired thin-
ning or absence of portions of the bony skull base 
identified may not necessarily correspond to the site 
of CSF leak. In these cases, having an MRI may be 
crucial. In the diagnostic work-up of a post-trau-
matic CSF rhinorrhea, it is of critical importance 
not to forget the “bigger picture” of the skull base 
trauma. In this perspective, carotid CT-angiography 
is another essential pre- operative examination with 
the objective to rule out carotid pseudoaneurysms 
and carotid- cavernous fistulas [30].

6.5  Traumatic (Post-surgery) 
CSF Leak

In his century-old paper Mosher, speaking about 
the sinus surgery, said “Theoretically, the opera-
tion is easy. In practice, however, it has proved to 
be one of the easiest operations with which to kill 
a patient.” Incidental CSF leak due to endonasal 
sinus surgery (ESS) is still observed, as a post- 
surgical complication, if not identified and cor-
rected during surgery. Nevertheless, the improved 
technology, including dedicated surgical instru-
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c

e

Fig. 6.7 CSF leak years after a complex craniofacial 
trauma. FLAIR (a) and CISS (b) in the same coronal 
plane, CISS (c) axial plane, FLAIR (d), and CISS (e) in 
the left parasagittal plane (indicated by the dotted line in 
(c). Bilateral multiple CSF collections are shown project-

ing through the ASB floor into posterior ethmoid cells 
(white arrows and black asterisk). The suppressed (null) 
signal in FLAIR images confirms that the high signal in 
CISS indicates CSF

ments, imaging studies, intraoperative image 
guidance navigation system, and the increased 
surgical experience and skills has allowed a pro-
gressive decrease of intraoperative CSF leaks 
[33]. The most common locations for iatrogenic 
injury to the skull base during ESS are the lateral 
lamella of the cribriform plate, the posterior 
fovea ethmoidalis, the frontal recess, and the 
sphenoid sinus [29]. When CSF rhinorrhea pres-
ents after surgical procedures (EES or other) and 
an imaging study is scheduled, the radiologist 
should be thoroughly informed about the surgical 

procedure details. Which means, as a first step, to 
distinguish between two main scenarios: (1) the 
onset of rhinorrhea after a surgical procedure that 
intentionally violated the skull base; (2) the onset 
of rhinorrhea after a surgical procedure that was 
not meant to address the skull base (Fig. 6.9a, b). 
Each scenario, then, requires a specific logical 
reasoning that, if correctly applied, facilitates the 
localization of the leakage point(s). As a second 
step, being aware of the type of surgical proce-
dure will help the radiologist to correctly inter-
pret the images.
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c

Fig. 6.8 Head trauma after falling from a chair. 
Emergency head NECT (axial plane, slice thickness 
5 mm) (a). Head NECT acquired two days after, recon-
structed (and zoomed-in) in the coronal (b) and axial (c) 
planes (slice thickness 0.5 mm, bone algorithm). The left 
sphenoid sinus is filled by a hyperdense fluid, consistent 
with blood (black asterisk in a). Multiple tiny air bubbles 

are present in the middle cranial fossa along the left 
greater sphenoid wing, along both the clinoid processes, 
in the perimesencephalic cistern and adjacent to the lateral 
wall of the left sphenoid sinus (white arrowhead in a). At 
this latter level, the thin slice NECT demonstrates the 
fracture point (white arrow in b and c)

6.6  Non-traumatic 
(Spontaneous) CSF Leak

CSF leaks that occur in the absence of a definable 
cause are labeled as spontaneous. However, 
according to the literature, the most likely etiol-
ogy is idiopathic intracranial hypertension (IIH). 
In fact, most of the subjects presenting with spon-
taneous CSF rhinorrhea show clinical signs and 
radiographic features of chronically elevated 
intracranial pressure [1, 34]. A persistent eleva-
tion or a substantial fluctuation in intracranial 
pressure may lead to the development of promi-

nent arachnoid villi, which act as minor CSF res-
ervoirs. These prominent arachnoid granulations 
usually have no clinical significance, particularly 
when the underlying bone is solid. Conversely, 
when the underlying bone is pneumatized, a pro-
gressive thinning of the bone and eventual erosion 
and loss of dural integrity may lead to formation 
of a point of least resistance through which her-
niation of dura or brain tissue, and ultimately a 
CSF fistula, can develop (Fig. 6.10). As a matter 
of fact, patients with spontaneous CSF leaks have 
the highest rate (>50%) of meningoencephalocele 
formation among all types of CSF fistulas [7, 8]. 
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Fig. 6.9 (a) Onset of 
rhinorrhea post-septo-
plasty: CT. Coronal NECT 
progressing front-to-back 
(a–c). A focal “mucosal 
thickening” (straight arrow 
in b, curved arrows in c) is 
associated with intracranial 
air (arrowheads in c). The 
combination of the two 
findings confirms the 
suspect of CSF leakage. 
(b) Onset of rhinorrhea 
post-septoplasty: 
MR. Coronal NCE-MR 
CISS planes progressing 
front-to-back (from a to f) 
shows a hyperintense CSF 
“stripe” extending from the 
right olfactory recess along 
the superior turbinate 
(white arrows in a–d), 
reaching the spheno-eth-
moidal recess (arrow in e), 
and collecting posteriorly  
into the right sphenoid 
sinus (SS)
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c d

Fig. 6.10 Onset of visual impairment and heavy-head 
feeling: Gorham-Stout disease. Axial NECT (a) with cor-
responding axial T2w MR (b) and coronal T2w MR (c) 
with corresponding coronal FLAIR MR (d). 

Meningoencephalocele of the middle cerebral fossa 
extends into the left sphenoid sinus through a bone defect 
of the left sphenoid wing

Some patients with spontaneous CSF fistulas may 
not exhibit typical symptoms of IIH because they 
are actively leaking CSF and do not develop ele-
vated intracranial pressure until after the CSF fis-
tula is repaired. A circumstance which probably 
contributes to the long-term lack of surgical suc-
cess in these patients [7, 34]. The pathogenesis of 
spontaneous CSF fistulas may also include other 
factors, such as osseous anatomic variations, 
aging, bone remodeling, recurrent infections, and 
low-grade inflammation, all of which may con-
tribute to the development of multiple CSF fistu-
las that are either concomitantly or temporally 
separated [7, 35–37]. Among those anatomic 
variation is worth mention the Sternberg’s (persis-
tent lateral cranio-pharyngeal) canal, because of 
the confusing literature associated: the Sternberg’s 
canal certainly predisposes the lateral sphenoid 
wall to the development of spontaneous CSF 

leaks, but it is not the primary cause [38]. 
Eventually, spontaneous CSF fistulas in the skull 
base are the result of a multifactorial process that 
involves both elevated intracranial pressure and 
an anatomic predisposition involving thinning of 
the cranial base. The most common sites for CSF 
leak in patients with spontaneous CSF rhinorrhea 
are the lateral recess of the sphenoid sinus (later-
ally to the foramen rotundum), the ethmoid roof 
or cribriform plate and, more rarely, the tegmen 
tympani and the roof of the Eustachian tube [1, 7, 
8, 34, 39]. In addition, several patients (31%) have 
multiple skull base defects [8].

Although not highly specific, there are many 
imaging findings that are suggestive of IIH, espe-
cially when seen in combination, and can help a 
prompt additional work-up (Table 6.1). Overall, 
these findings reflect chronic changes that the 
increased pressure of the CSF produce, resulting 
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not only in the progressive enlargement of CSF 
filled spaces (cisterns, optic nerve sheath) but 
also in the remodeling, thinning, and resorption 
of bony structures of the skull base or the calvaria 
[1, 8, 34, 40, 41] (Fig. 6.11). Recently, a signifi-
cant relationship between the extrinsic stenosis 
of the transverse and sigmoid dural venous 
sinuses and IIH has been reported [42].

6.7  Non-traumatic (Pathology- 
Related) CSF Leak

Non-traumatic CSF rhinorrhea can be the symp-
tomatic epiphenomenon of an underlying pathol-
ogy. Tumors, mucoceles, osteonecrosis, or other 
erosive processes involving the skull base may 
be responsible for a CSF leak from the skull 
base. Tumors, particularly, can lead to CSF leaks 
either directly or indirectly. Direct tumor inva-
sion across the anterior skull base can cause 
osteodural defects with significantly diseased or 
missing bone surrounding the defect. These 
tumors can be primary intracranial malignancies 
that extend down into the sinuses (Fig. 6.12), or 
they may be sinonasal primaries that extend 
intracranially. Conversely, tumors can indirectly 
lead to CSF leaks by obstructing CSF flow, 
resulting in an elevated ICP and hydrocephalus 
[12]. Interestingly, even the shrinkage of a neo-
plastic mass is reported to be a possible trigger 
for a CSF leakage. At first, tumor erosion into 
the dura and bone of the skull base creates a 
potential CSF fistula, held back by the tumor tis-
sue itself. Next, rapid regression of tumor burden 

Table 6.1 Imaging findings suggestive of IIH

Intracranial CSF 
spaces

Empty sella, enlargement of 
Meckel’s cave

Optic nerve Optic nerve sheath enlargement 
and tortuosity
Optic nerve-head protrusion with 
flattening of posterior globe
Optic nerve-head edema with 
enhancement

Skull base and 
calvaria

Scalloping of inner table of 
calvarium
Prominent arachnoid pits
Multiple osseous defects along 
skull base
Enlargement of skull base 
foramina

Dural sinuses Stenosis of transverse and 
sigmoid dural venous sinuses

a b

c

Fig. 6.11 Previous duraplasty for spontaneous CSF 
leak at the lamina cribra, persistent headache. Midline 
sagittal CISS NCE-MR (a), coronal CISS NCE-MR (b), 
and corresponding coronal NECT (c). The enlarged sella 
turcica (white arrows) is mostly filled by CSF, the pitu-

itary gland (black arrows) being flattened against the sel-
lar floor. The left greater sphenoid wing presents small 
bony defects, lobulated, CSF filled, consistent with aber-
rant arachnoid granulations, the so-called arachnoid pits 
(arrows in b and c)
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Fig. 6.12 Intermittent episodes of rhinorrhea for 2 years 
due to ecchordosis physaliphora. NECT in the axial (a) 
and sagittal planes (b); MR sagittal T2w (c), axial CISS 
before (d) and after (e) contrast agent administration. 
Sagittal T2w 1 year after duraplasty (f). CT demonstrates 
fluid filling the right sphenoid sinus with an air-fluid level. 
Focal bowing of the posterior wall of the sinus and irregu-
lar de-mineralization suggest a lesion originating from the 
sinus (white arrows in a and b). The sagittal T2w image 
identifies an hourglass “cystic” mass extending through 
the bone defect into the prepontine cistern (white arrow in 

c). A thin hypointense line delineates the intra-sinusal 
component of the lesion (black arrows in c). In the plain 
CISS sequence (d) the thin walls of the intra-sinusal and 
intracranial mass are demonstrated (opposed straight 
white arrows). Lateral to the lesion is a displaced basilar 
plexus (curved arrow) and the VI nerve at the Dorello’s 
canal. In the post-contrast CISS (e) a small strip of the 
enhanced plexus (curved arrow) reaches the lateral sur-
face of the lesion. Sagittal T2w acquired 1 year after endo-
nasal resection and duraplasty (septal cartilage, fat from 
thigh, Hadad-Bassagasteguy flap) (white arrows in f)

(either spontaneous, apoplectic, or therapy-
driven) uncovers the fistula site(s) clearing the 
path for CSF spillage [43].

6.8  Post-duraplasty Imaging

In the surgical management of CSF rhinorrhea 
both the endonasal and the open craniofacial 
approaches are currently used. Though, the endo-
nasal approach has become the standard of care 
in the majority of anterior cranial fossa CSF leaks 
[44–46]. Small CSF leaks can also be closed by a 
“bath plug”-type closure, which involves a fat 
plug inlay followed by application of tissue seal-
ant without a rigid buttress [47]. In cases with 
large intradural components, a proper reconstruc-
tion may be warranted. Duraplasty of the ASB 
can be constructed according to different tech-
niques: (1) with a combination of intradural fat 

graft, inlay subdural collagen matrix, and/or the 
fascia lata with onlay vascularized naso-septal 
mucosal flap (NSF) [48] (2) with a multilayer 
reconstruction without the need of NSF [49] (3) 
with “gasket-seal” techniques, a single layer fas-
cia lata buttressed by a bone inlay [50–52].

The NSF characteristically shows T2-isointense 
signal with C-shaped configuration, with full-
thickness enhancement, immediately below the 
non-enhancing free grafts on both the coronal and 
sagittal projections (Fig. 6.13). The NSF tends to 
contract in size, appearing thinner at delayed post-
operative imaging (from 3 to 6 months after the 
surgery). An apparent increase in thickness of the 
enhancement on the delayed scans may be 
explained by the presence of granulation tissue in 
the operative bed or, alternatively, by the increased 
mucosalization. Potential causes of flap failure 
are the vascular insufficiency (even if a small 
operative defect may not require a vascular flap 
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Fig. 6.13 (a) Female, 45  years old, persistent rhinoli-
quorrhea after duraplasty for CSF leak from the right 
fovea ethmoidalis. Coronal T2w (A) with sagittal CISS 
obtained before (B) and after (C) gadolinium through the 
plane of the dotted line in A. The coronal T2w shows the 
duraplasty (curved white arrow) on the roof of the right 
olfactory fossa occluding right frontal ostium. Two small 
meningoceles across the lamina cribra (white arrows in B) 
are more evident in the CISS without Gd; the naso-septal 
flap is nicely depicted in the CISS after Gd (white arrow 

in C). The two small meningoceles are encased between 
the dura mater (above) and the duraplasty (below). (b) 
Coronal T2W (A) with sagittal CISS obtained before (B) 
and after (C) gadolinium through the plane of the dotted 
line in A. The coronal T2w shows a hyperintense thigh 
column extending across the lamina cribra (white arrows); 
the sagittal CISS demonstrates that this T2-hyperintensity 
is self-contained and it is consistent with a small 
meningocele

for closure) and the flap migration or displace-
ment from the operative defect [53].

The multilayer duraplasty is characterized by 
a multiple-layer sandwich of signals replacing 
the anterior skull base floor. On sagittal T2 
sequences, triple layer duraplasty has a variable 

inner signal initially but a continuous and regular 
intracranial surface. Changes in thickness and 
signal are observed as the graft gradually inte-
grates. In a few months, the thickness is reduced 
by about 50%. Over time, the 2 non-enhancing 
underlay layers are progressively surrounded by 
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2 enhancing layers located on the intracranial and 
nasal sides, respectively. On the nasal side, the 
enhancement is a result of various phases of tis-
sue reorganization along the neo-nasal cavity 
roof. There, the overlay layer undergoes progres-
sive necrosis. Therefore, it is progressively 
replaced by in-growth of the adjacent nasal 
mucosa. Mucosal edema, thin and smooth polyp-
oid changes, hyperplastic scar, or granulation tis-
sue may account for a very variable enhancement. 
The enhancement present at the intracranial side 
of the duraplasty is probably the result of 
increased vascularization of the integrating fas-
cial graft. The fat grafts, which may be added 
within duraplasty to fill dead spaces and properly 
dress the defect, progressively reabsorb and 
nearly disappear at 1 year [54].

Skull base surgery has been greatly improved 
in recent years, especially by the development of 
new endoscopic reconstruction techniques. 
Though, post-operative complications continue 
to be a major concern, and post-operative imag-
ing can be a valuable tool in their prompt 
 identification. In this perspective, the radiologist 
should be aware of the normal post-operative 
changes, in order to recognize complications 
properly. Pneumocephalus, in particular, requires 
vigilant attention. In fact, although intracranial 
air is a relatively common (and benign) finding 
following both endoscopic and open procedures, 
it can be an indirect sign of CSF leak recurrence 
[55] and even constitute a surgical emergency 
[30, 54].

An early post-operative HRCT should always 
be performed to exclude acute intracranial com-
plications such as tension pneumocephalus, hem-
orrhage, failure of the duraplasty, abscess [54]. 
MR instead, in combination with the endoscopy, 
should be the mainstay for the long-term 
follow-up.
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Role of Fluorescein in the 
Diagnosis of CSF Leak

David Bedoya and Isam Alobid

First synthesized by Adolf von Baeyer in 1871, 
fluorescein is a recognized fluorophore—a sub-
stance able to absorb light, reach an excitation 
state, and finally return to a basal condition emit-
ting light in a different wavelength than initially 
received. This process is perceived as an intense 
color when adequate light is presented. The fluo-
rescence excitation spectrum of fluorescein can 
be found within wavelength light absorption at 
494 nm and emission at 519 nm. It is well known 
as a green dye and available as sodium fluores-
cein in a single-use sachet or alkaline injectable 
solution of 2%, 5%, 10%, or 20% (Fig.  7.1). 
Fluorescein is used in ophthalmology as a topical 
medication for diagnostic purposes and intrave-
nously for angiography in vascular disorders of 
the retina, in urology during intraoperative cys-
toscopy, and in heart surgery to localize muscular 
defects in ventricular muscle septal repair proce-
dures.

The use of intrathecal dyes for the diagnosis 
and treatment of cerebrospinal fluid (CSF) rhinor-
rhea began with Fox in 1933 when he used indigo 
carmine for this purpose [1], and since then various 
colorants have been used, including methylene blue, 
sodium-24, and iofendylate. Although intrathecal 
fluorescein was first used by Kirchner and Proud in 

1960 to identify the site of CSF leaks during extra-
cranial approaches [2], an intranasal application 
was described in 1938 by Friedberg and Galloway 
[3]. In the resection of brain tumors like glioma, 
intraoperative fluorescence has renewed attention 
over fluorescein as a new application of this old dye 
to discriminate breakdown of the bloodbarrier due 
to their passive permeability of tissues, which could 
permit surgeons to discriminate tumor extension in 
a more precise way [4–7].

In patients with CSF rhinorrhea, ascending 
meningitis can be a catastrophic consequence 
[8], and even more today with the proven effec-
tivity of endoscopic surgery to successfully close 
those skull base defects [9]. Fluorescein has been 
used for diagnosis and localization of skull base  
defects and for improving the results of surgical 
treatment, allowing to localize the defect intra-
operatively and permitting obtaining a watertight 
closure of the defect. Fluorescein has shown a 
sensitivity of 92.9%, a specificity of 100%, and a 
negative and positive predictive values of 88.8% 
and 100%, respectively, when fluorescein color-
ation was used for the detection of intraopera-
tive CSF leaks in a cohort of 419 patients and an 
improvement in watertight closure of the skull 
base defect [10, 11].
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a b

Fig. 7.1 (a) Sodium fluorescein is commercially available for intravenous application in ampoules of 10% or 20%. (b) 
In 10% concentration, fluorescein looks orange in color, it changes with dilution to yellow/green

7.1  Indications of Use

Management of CSF leaks and guaranteeing a 
watertight closure of the defect requires the sur-
geon to be able to differentiate a transparent liq-
uid in a field with blood and secretions (Fig. 7.2), 
hence the importance of fluorescein as a tool to 
improve the diagnostic and therapeutic results in 
patients with CSF rhinorrhea.

Fluorescein can be used for diagnostic pur-
poses in patients whose CSF leak is suspected, 
e.g., previous bacterial meningitis, unilateral 
runny nose, etc., or to improve the results of 
 surgical management of the skull base defect. The 
main indications are described below:

• Diagnostic
 – Low-pressure fistula with hidden or inter-

mittent CSF rhinorrhea, particularly in 
patients with spontaneous leak [12].

 – Detection of multiple skull base defects.
 – Patient with suspected CSF rhinorrhea 

originating from the middle ear and leaking 
through the Eustachian tube.

• Treatment (intraoperatively)
 – Surgical repair of skull base defects in 

patients with spontaneous CSF leaks, espe-
cially when multiple defects are suspected 
or when previous imaging techniques do 
not properly show the leakage site. In 
defects located in the cribriform area, fluo-
rescein improves the ability to find the 

location intraoperatively of the defect inde-
pendently of etiology [12] (Fig. 7.3).

 – During the skull base surgery, for water-
tight closure verification of reconstruction 
(Fig. 7.4).

 – In patients with pituitary tumors, when a 
not-to-reconstruct strategy is planned, due 
to small tumor size or absence of intraop-
erative leak, [13] fluorescein could be use-
ful  [14].

Any method that increases the ability of 
surgeons to detect CSF leaks during surgery is 
valuable. For tumor resection, fluorescein can 
be useful, although not absolutely indicated, 
to check the watertight closure of skull base 
defects intraoperatively. Seth et al. found simi-
lar results when the dye was not used [12], but 
Tabaee et al. found a low risk for postoperative 
CSF leaks in the absence of fluorescein leaks 
during surgery and, when intraoperative visu-
alization of fluorescein occurred, an associated 
increase of risk in postoperative leaks [15]. The 
intraoperative detection of fluorescein can be 
present in 61% of pituitary surgeries [16] and 
can reduce postoperative CSF leaks to 2.8% in 
endoscopic skull base surgery for any indication 
because it improves the ability of the surgeon 
to detect small disruptions on arachnoids which, 
if they persist, will become CSF leaks [10]–a 
small volume of clear to transparent liquid in a 
zone with blood and secretion that can easily go 
unnoticed.

D. Bedoya and I. Alobid



63

a b

c

Fig. 7.2 Evaluation of a patient who consults for right 
CSF rhinorrhea, a right meningocele of the cribriform 
plate was found. (a) Computer tomography, white arrow 

shows the skull base defect. (b) Endoscopic evaluation 
with previous application of intrathecal fluorescein. (c) 
Skull base defect

Fig. 7.3 Multiple defects (white asterisks) on a left crib-
riform plate found in a patient with CSF rhinorrhea during 
surgery, thanks to the visualization of fluorescein

7.2  Fluorescein 
and the Informed Consent

The most controversial topic in the intrathecal 
use of fluorescein is the off-label use of this diag-
nostic compound. In the USA, the Food and Drug 
Administration (FDA) does not have the intrathe-
cal use of fluorescein as a permitted indication. 
However, that regulation does not extend to the 
practice of medicine, and off-label use of fluores-
cein can be considered [17–19]. It is very impor-
tant to discuss with the patient about the off-label 
use and reports of neurological complication 
such as radicular symptoms, transient hemipa-
resis, seizures, and other less severe complaints 
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a b

Fig. 7.4 Watertight confirmation of skull base defect 
reconstruction after nasoseptal flap and simultaneous 
inferior turbinate flap for a high flow CSF leak after a tran-

sclival approach. (a) During closure procedure. (b) At the 
end of the surgery

such as nausea and headache [12]. Conversely, 
the CSF leak also has potential complications, 
so the importance of closing the CSF leak must 
also be informed to the patient. It is important 
to inform about the lumbar puncture-related risks 
because, in some circumstances, the adverse 
events attributed to fluorescein could originate 
from complications of this procedure [20].

It is important to discuss with patients the 
potential failure of fluorescein visualization during 
surgery and the possibility of a new intervention. 
When fluorescein is not detected intraoperatively, 
there could be three times more risk of recurrence 
of CSF leak [12], although this does not necessar-
ily imply a new surgery [10, 11].

7.3  Metabolism of Fluorescein

After intravenous administration, the fluorescein 
is rapidly metabolized. In this manner, 80–90% of 
fluorescein appears rapidly bound to plasma pro-
tein, and 10–20% remains as a free salt. A rapid 
conversion by the phase II reaction conjugates it 
with glucuronic acid, and 10 min after administra-
tion, the peak plasma concentration of sodium fluo-
rescein declines and the glucuronate form increases 
[21]. Excretion is mainly renal in 48–72  h, and 
urine detection is possible for at least 24–36 h.

Intrathecal administration of fluorescein 
gets a rapid distribution in CSF due to the 

highly water solubility of the molecule [21]. 
The dye runs through the circulation of the 
CSF, including the ventricular system, and 
reaches the defect of the skull base, where it is 
expected to have its main output, and the rest 
is absorbed by the arachnoid granulations. The 
change in CSF color is maintained for 24 h in  
80–91% of patients, in 36% at 48 h, and 26.1% 
more than 48 h [22, 23].

7.4  Intrathecal Use

7.4.1  Set-Up

Patients who will receive intrathecal fluorescein 
must be evaluated for current neurological states, 
including sensitivity and motricity of inferior 
extremities and ocular fundus, to determine the 
risk of potential complication and intracranial 
tension status [20]. The elements necessary to 
perform a lumbar puncture and dye administra-
tion are listed below:

 – Sodium fluorescein: commercially available 
as injectable solution 10% or 25%

 – Syringe, 10 mL
 – Spinal needles, 20, 22, and/or 25 gauge
 – Three-way stopcock
 – Sterile dressing, gloves, and drapes
 – Antiseptic solution
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Although not available for intrathecal use, 
an ideal presentation for this purpose should be 
ampoules of fluorescein 5% (50 mg/1 mL) ster-
ile and pyrogen-free, free of solid particles, iso- 
osmotic (292–297 mOsm/L), and a pH similar 
to the CSF (7.32) and, finally, without preserva-
tives [24].

A traditional lumbar puncture technique at 
L3/L4 or L4/L5 space is performed by an ade-
quately trained professional in an awake patient 
to evaluate possible complications. The patient 
is located seated or in the lateral position with 
the spine flexed maximally to open the interspi-
nous spaces, a 24 gauge “pencil point” needle 
is used to diminish traumatic puncture due to 

blunt-type design. After the puncture, there 
must be a free flow of CSF to confirm the cor-
rect placement of CSF in the thecal space [25] 
(Fig. 7.5). If the patient has a lumbar drain, this 
route also can be used to administer the fluo-
rescein.

A routine protocol is suggested to diminish 
the adverse effects of the procedure and get the 
best visualization of the dye through the defect in 
the skull base during surgery [26].

 1. Premedication with systemic steroids to 
reduce the risk of chemical meningeal irrita-
tion, at doses of 0.1 mg/kg or 10 mg of intra-
venous dexamethasone [10, 20, 21, 26] and 

a

c

b

Fig. 7.5 Lumbar puncture technique for intrathecal 
administration. (a) L3/L4 or L4/L5 space is palpated, then 
an atraumatic puncture is recommended at this level, 
because the spaces are larger and in adults the spinal cord 

usually ends at L1/L2. (b) After the puncture, a “free 
flow” of the CSF leak is guaranteed to confirm the loca-
tion in intrathecal space. (c) Slow administration of 
fluorescein
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antihistamines, 50  mg of diphenhydramine 
(or dexchlorpheniramine 5 mg) [10, 20, 26]. 
The systemic steroid should be avoided in 
patients with Cushing’s disease for postopera-
tive monitoring.

 2. Obtain 9 mL of CSF that will work as a dilu-
ent to return to the subarachnoid space mixed 
with fluorescein.

 3. Administer fluorescein at the dosage described 
below. Slow intrathecal injection of CSF 
diluted with fluorescein is recommended from 
10 to 30 min [12] or 0.1 mL/min [20].

 4. Immediately after injection of the colorant, 
place the patient in the Trendelenburg posi-
tion for 30  min to facilitate diffusion of the 
dye close to the skull base defect and away 
from the inferior roots in the spinal cord [21]. 
A dilution of 0.5 mL of 5% fluorescein diluted 
with 10  mL of distilled water to create a 
hypodense solution (1001) compared to CSF 
(density range 1004–1006) has been described 
to avoid this position [22, 23, 27].

 5. In patients in whom the use of lumbar drain-
age is decided, CSF is obtained after drain 
placement, and drainage is closed after injec-
tion of fluorescein [15].

 6. In cases of intraoperative use of intrathecal 
fluorescein, muscular relaxants should be 
avoided, if possible, to watch abnormal move-
ments [20].

7.4.2  Dose

Since the beginning of its intrathecal use, the 
lowest possible dose of fluorescein has been rec-
ommended [28]. The original dosage was 1 mL 
of 5% fluorescein (50  mg of sodic fluorescein) 
diluted in 9 mL of CSF and injected into the lum-
bar subarachnoid space [2, 29]. Another way to 
dose it is 0.1 mg/kg to 50 mg or 0.1 mL/10 kg, 
maximal 1 mL [18].

A low dose has been suggested as secure and 
effective, including 0.2–0.5 mL of sodium fluores-
cein 5% (10–25 mg) or 0.25 mL of 10% (25 mg) 
solutions and also diluted to complete 10  mL 
of CSF [10, 21, 26, 30], administering 10 mg of 
intrathecal fluorescein diminishes the sensibility to 
detect CSF leaks during surgery [12]. In summary, 
the evidence shows that appropriate doses of intra-
thecal fluorescein range between 25 and 50  mg 
[29]. After the administration in the intrathecal 
space, fluorescein will be diluted with 100–150 mL 
of CSF, depending on the volume that  each patient 
contains, this dilution modifies the color of the dye 
as we finally perceive in surgery (Fig. 7.6).

7.4.3  Timing

Some authors have reported the application of 
intrathecal fluorescein between 16 and 20  h 

a b

Fig. 7.6 Color changes in sodium fluorescein with different grades of concentration. (a) Dilution at 0.5% above and 
10% below. (b) CSF rhinorrhea in a patient after intrathecal application of fluorescein
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before nasal endoscopy or surgery [18]; more 
recent studies concluded that administration can 
be done 60 min before endoscopic evaluation or 
immediately before surgery, which allow the dye 
to disseminate throughout the CSF system and to 
be visualized in nose drippings through the skull 
base defect [12, 26]. If a hypodense solution is 
used, time can be as short as 10 min [22, 27].

7.4.4  Techniques to Improve 
Utilization

The use of intrathecal fluorescein, as described, 
usually leads to the correct visualization of the 
defect at the skull base, not only because of the 
color change but also because the slight increase 
in pressure that can occur changes an intermit-
tent leak in to an active one, which is desirable 
in surgery to correct the defect. Nevertheless, 
some maneuvers can be useful to increase the 
visualization of the dye. In a diagnostic setting, 
the head can be located from a neutral posi-
tion to flexion of the neck with the thorax and 
head down. It can also be useful to do Valsalva 
(intra-abdominal pressure augmented) [10] or 
Queckenstedt maneuvers (bilateral jugular vein 
compression), which increase the intracranial 
pressure and augment the flow of the CSF leak 
and, with it, the passage of the fluorescein to the 
nose.

7.4.5  What if Injected  
Pre-operatively  
but Not Visible?

The presence of fluorescein in the nasal cavity is 
strong evidence that a skull base defect exists. In 
some cases, it is not possible to find the typical 
yellow-green coloration after an adequate dose, 
administration and, time needed to find it in the 
nose. In those cases, the exposure of blue-light 
cobalt filter (465–495  nm) or ultraviolet/yellow 
light filter on the endoscope induces fluorescence 
of 520–530 nm, which can improve the localiza-
tion of dye [26, 31]. Although the light modifica-
tions are not routinely required, it could be useful 

when the diagnosis is equivocal or fluorescein 
is difficult to visualize [10]. Simultaneous intra-
venous administration usually does not improve 
defect visualization [11, 26] and can increase the 
possibility of adverse events [21].

In patients with a history of meningitis, it is 
possible to find dural and/or arachnoid adhe-
sions that restrict the diffusion of fluorescein to 
compartments delaying the course of the dye to 
the skull base defect [12]. In such cases, it could 
be prudent to wait for a more prolonged time 
before starting surgery or repeat the Trendelen-
burg maneuver to enhance the diffusion of the 
colorant. In all patients with lumbar subarach-
noid drain, it is important to verify the closure 
of the system; otherwise, close it to avoid alter-
ing the CSF flow.

Finally, Trendelenburg and then Valsalva 
maneuver can be done, but if no fluorescein 
visualization is obtained, use neuronavigation 
and previous imaging check to try to find the 
skull base defect [11]. If the suspected CSF leak  
persists and no skull base defect is visible, it had 
been published to cover the most probable area 
(usually the cribriform plate) with a nasosep-
tal flap and recommend rigorous postoperative 
care and scheduling more frequent controls than 
usual.

7.4.6  Interpretation  
of False- Negative Results

Intrathecal fluorescein can be visualized during 
surgery in 80–96% of cases [11, 17], but it is impor-
tant to remember that the absence of dye does not 
rule out the presence of a CSF leak [12]. In these 
cases, some situations may be occurring [10]:

 – Tiny defects with intermittent closure with the 
brain;

 – Transient CSF loss during lumbar subarach-
noid placement, which can reduce the volume 
necessary below the level to reach the defect;

 – Arachnoid scarring (i.e., prior meningitis);
 – Severe lumbar stenosis;
 – Short time from intrathecal injection;
 – Low doses of fluorescein.
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Raza et al., in their cohort of 419 patients, found 
4.5% of false negatives, but no one developed a 
postoperative CSF leak [10]. This suggests that in 
patients with persistent absence of fluorescein visu-
alization and despite that less than 25 mg was used, 
the probability of a CSF leak in the postoperative 
period could be lower. It could be explained by low 
pressure or irregular distribution of CSF or no active 
leak, but more studies are needed to clarify it.

7.4.7  Endoscopic Examination 
and Exploration 
of Potential Area

Nasal decongestion is highly recommended before 
doing an endoscopy evaluation of the nose in a 
patient with CSF rhinorrhea. After that, the sche-
matic visualization of the nasal corridor should 
start through the floor until the cavum, to evaluate 
the nasopharyngeal orifice of the Eustachian tube 
for the possibility of a CSF leak originating in the 
middle ear. After that, a second evaluation should 
be orientated to the roof of the nasal cavity as pos-
sible, and the superior evaluation should be done 
carefully to find the CSF leak.

In the postoperative period of skull base tumor 
resection, a watertight test of reconstruction can 
be done, usually through an endoscopic evalua-
tion on the fifth day and always on the bed of 
the patient to prevent efforts and temporary incre-
ments in intracranial pressure that can displace 
the flaps covering the defect (Fig. 7.7).

7.5  Topical Fluorescein

In 2000, Jones et al. described the use of intrana-
sal fluorescein in three patients to locate the defect 
at the skull base during surgery [32]. Saafan et al. 
validated it in 2006  in a study with 25 patients 
and used the dye during the pre- operative study 
as well as postoperative detection of a recurrence 
in patients with CSF rhinorrhea [33].

A change in the color of the fluorescein from 
yellow-brown to green or streaming of the fluo-
rescein over the nasal mucosa and/or blood with 
the presence of CSF when the dye is directly 
applied in the suspected area can be expected 
[32]. Topical application of dye can be done after 
drying the area with suction and topical appli-
cation of vasoconstrictor, then proceed to care-
fully place cotton pledgets impregnated with 
1  mL of sodium fluorescein 5% or 10% in the 
middle meatus, the roof of the ethmoid plate, and 
spheno-ethmoidal recess; as described, the color 
change can be found at this moment. The patient 
may be asked to cough or strain while leaning 
forward or, in the case of intraoperative use, ask-
ing an anesthetist to induce a Valsalva maneuver 
in the patient to increase intracranial pressure.

Topical fluorescein could avoid complications 
associated with intrathecal use as a trauma for 
lumbar puncture and neural irritation for chemical 
effects of a high concentration of fluorescein. Liu 
Hai-sheng et al. did a study with 15 patients with 
CSF rhinorrhea and obtained successful diagnosis 
and treatment for 100% of patients [34]. Ozturk 
et al. published a study with 24 patients with only 
one failure to detect a second defect in sphenoid, 
even though this technique was used to correctly 
find the defects for the other patients [35]. In the 
same way, as described for intrathecal use, visu-
alization can be enhanced with ultraviolet light, 
even for solutions as dilute as 1: 1,600,000 [28].

7.6  Pediatric Age Group and Use 
of Fluorescein

Intravenous use of fluorescein has not been stud-
ied in children, and dose-adaptation data are not 
available; therefore, efficacy and safety in this 
group have not been established. For intrathecal 

Fig. 7.7 Evaluation on the fifth postoperative day of a 
patient undergoing extended endonasal surgery to the 
skull base; the evaluation is performed in such a way that 
the patient remains in bed without making movements 
that could generate increases in intracranial pressure
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use, a dose of 0,1 mL/kg, with a maximum dose 
of 1  mL, of a hypodense solution (5% sodium 
fluorescein solution diluted in 10 mL of distilled 
sterilized water) has been used [23, 27].

7.7  Complications

The main limitation of intrathecal use of fluorescein 
is related to the adverse events reported almost from 
the first publications; however, this dye explains 
less than 0.1% of adverse events of all intrathecal 
medications uses [18]. Isolated reports assumed a 
chemical irritant direct effect from fluorescein [36]; 
furthermore, the majority of this complication could 
be related to incorrect dosage or timing of intrathe-
cal administration. Meco and Oberascher reported 
a series of 900 cases without complications [37]; 
Felisati et al. summarized 1940 patients of differ-
ent studies with intrathecal administration of 50 mg 
or less with four transient complications and two 
patients with simultaneous radiographic intrathecal 
contrast administration [17, 19]; Seth et al. reported 
use in 47 patients with no complications with 10 mg 
total dose [12]. Banu reported in a cohort of 50 
patients one case (2.4%) of transient leg weakness 
following lumbar drain placement [11].

The following complications with the intra-
thecal use of fluorescein have been described:

• Headache, especially in patients with prolactin- 
secreting tumors [38]

• Nausea, vomiting, dizziness
• Hives, acute hypotension, anaphylaxis, and 

related anaphylactoid reaction.
• Lower-extremity weakness and numbness, 

opisthotonus, transient paraparesis, hemipare-
sis, myelopathy, seizures [39, 40]

• Cranial nerve palsies
• Neuropathic pain
• Pulmonary edema
• Death

Mechanisms of complications can be related 
to the method of administration, dose, formula-
tions, or idiopathic [18]. In a canine model, Syms 

et  al. found inflammatory changes expected 
with irritant material in the subarachnoid space 
in a dose-dependent manner [36]. An experi-
mental study in a murine model suggested a 
potential effect of fluorescein to induce apopto-
sis, measured  as NF-kB expression after direct 
exposition to dye [41]. Since the first reports of 
complications related to intrathecal fluorescein, 
it is common to find a different dose to that cur-
rently used or it happened in patients with previ-
ous seizures, trauma, cranial surgery, or repeated 
lumbar puncture [42].

Wolff et  al. used intrathecal fluorescein for 
more than 25 years to localize skull base defect and 
reported 925 cases of suboccipitally administered 
fluorescein with 3 cases of epileptic crises and 
none with lumbar administration [31, 43]. Keerl 
et  al. reported 420 intrathecal administration of 
fluorescein in 305 patients in different centers and 
reported to manufacturers and regulatory agen-
cies: the results showed 7 major complications, all 
related to doses between 100 mg and 700 mg, at 
least more than double the dose that we consider 
appropriate today; furthermore, with none in the 
patients who received less than 50 mg, with the 
exception of two patients with grand mal seizures 
but with the simultaneous intrathecal application 
of contrast medium. The same study also found 
one death in a patient who received 5 mL of fluo-
rescein, meaning they received between 500 and 
1250 mg, if a  concentration of 10% or 25% was 
used, which is an enormous dose compared with 
what is used today [18].

Guimaraes et  al. published a study describ-
ing chemical and cytological changes with 
hypodense intrathecal fluorescein. They noticed 
changes in inflammatory cell count (neutrophils, 
lymphocytes, monocytes, eosinophils, and baso-
phils) between 24 and 48  h, but no clinically 
related side effects, even in children [23]. In the 
same way, Demarco et al. did not find complica-
tions in a cohort of 20 patients with a hypodense 
solution [27]. Moseley et al. published a report of 
a case and survey reporting adverse effects of 625 
intrathecal fluorescein applications and found 17 
non- fatal major complications, including lower-
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extremity weakness, seizures, and decreased con-
sciousness among others [44], but, again, doses 
between 5 and 250 mg of fluorescein were used, 
and in four cases without dilution before intra-
thecal application and their patients had previ-
ous cranial trauma and surgery and had suffered 
seizures before fluorescein administration [23]. 
Permanent spinal cord damage was reported with 
exposure to 700  mg of intrathecal fluorescein 
[18]. Seizures that occurred during intrathecal 
fluorescein can be successfully treated with ben-
zodiazepines or barbiturates [39].

Placantonakis et al. published a study on 54 
patients with symptoms attributable to lumbar 
puncture procedure drainage: malaise, head-
ache, fever, nausea, and vomiting [26]. A series 
of 203 patients with endoscopic pituitary sur-
gery found just two cases of hypotension and 
syncopal episodes [16]. Changes in the color of 
urine are frequent, and similar changes in tears 
can also occur [41].

Until now, the evidence and the routine use in 
clinical settings in different centers suggest that 
fluorescein could have a narrow toxic margin more 
than intrinsic neurological toxicity, and adverse 
effects are usually present when concentrations 
greater than 100 mg are administered in less than 
10 min. Those complications are practically non-
existent when 50 mg or less are used [10, 17, 18].

Some patients have an increased risk for 
seizures, and special care should be taken into 
account in patients with previous hydrocephaly, 
spinal stenosis, neurological damage with brain 
edema or epilepsy, or those exposed to pheno-
thiazine, tricyclic antidepressants, or benzodi-
azepines [20, 45]. Likewise, in all those patients 
with increased risk of related problems from a 
lumbar puncture (lumbar spine deformities or 
traumatic puncture) due to the risk of an epidural 
hematoma.

It is advisable to discuss with an anesthetist 
to avoid, if possible, using depolarizing muscle 
relaxants during general anesthesia to evaluate 
possible seizures during surgery [39]. Another 
unfavorable outcome related to intrathecal 
administration of fluorescein is the potential 
apparition of post lumbar puncture headache, 
defined as a positional headache arising within 

the first 7 days of the procedure. A recent study 
showed that intrathecal fluorescein administra-
tion is associated with 6.8% of positional head-
aches, which is less than that expected for lumbar 
puncture [18, 38]. Furthermore, blood contami-
nation of intrathecal space can induce seizure-
like activity, and therefore, it is important to keep 
adequate communication with the anesthetist and 
the other team members [20, 21, 39].

7.8  Conclusion

The use of intrathecal fluorescein in patients with 
CSF rhinorrhea at doses equal to or less than 
50 mg diluted and slowly administered is a use-
ful tool that facilitates the diagnosis and surgi-
cal treatment of defects of the skull base with an 
adequate safety profile, according to the evidence 
published in recent years.
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Diagnostic Algorithm 
for Cerebrospinal Fluid Leak

Lisa Caulley, Claire Hopkins, and Valerie J. Lund

8.1  Introduction

Cerebrospinal fluid (CSF) rhinorrhea results 
from disruption of the barriers between the CSF- 
containing subarachnoid spaces in the anterior or 
middle cranial fossae and the paranasal sinuses 
or nasal cavity [1, 2]. Identification of rhinorrhea 
as CSF can be challenging, as rhinorrhea, or dis-
charge of fluid from the nasal cavity, is a com-
mon overlapping symptom in inflammatory and 
infectious rhinopathies [1, 3]. A fistula provides 
a pathway for pathogenic microorganisms to 
invade intracranially, a potentially devastating 
complication. A 10% risk of ascending meningi-

tis per  annum associated with CSF rhinorrhea 
makes accurate diagnosis of the fistula critical 
[4–6]. The diagnosis of CSF rhinorrhea is a two- 
step process to: (1) confirm the presence of a 
CSF leak through the objective evidence of 
extracranial CSF and (2) identify the position of 
the skull base defect, or defects, through which 
the CSF is draining. A thorough clinical, labora-
tory, and radiographic evaluation must be 
included in the diagnostic approach to confirm 
CSF rhinorrhea [7].

8.2  Differential Diagnosis

The nasal mucosa responds to the external 
 environment in a limited number of ways, that is, 
through rhinorrhea, nasal obstruction, sneezing, 
pruritus, or bleeding [3]. As such, rhinorrhea is a 
non-specific finding with a broad differential of 
poorly understood and often overlapping pathol-
ogies that can make diagnosis of CSF challeng-
ing (Table 8.1).

Rhinitis is a common condition that may 
mimic the signs and symptoms of CSF rhinor-
rhea leading to its misdiagnosis or may occur 
simultaneously [1]. Rhinitis is defined as an 
inflammation of the lining of the nose and is 
characterized by nasal symptoms including ante-
rior or posterior rhinorrhea, sneezing, nasal 
blockage, and nasal pruritus [8]. The presence of 
two nasal symptoms for at least 1 h daily for a 
minimum of 12 weeks per year is required for the 
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Table 8.1 Differential diagnosis of rhinorrhea

Inflammatory
• Infectious
   – Viral rhinitis
   – Bacterial rhinitis
• Non-infectious
   – Allergic rhinitis
    Seasonal
    Perennial
   – Non-allergic rhinitis with eosinophilia
Non-Inflammatory
• Hormone-induced rhinitis
• Medication-induced rhinitis
• Occupation-induced rhinitis
• Vasomotor rhinitis
• Exercise-induced rhinitis
• Atrophic rhinitis
• Idiopathic rhinitis
Conditions that Mimic Rhinitis
• Foreign bodies
• Tumors
   – Benign
   – Malignant
• Choanal atresia
• Skull base defects
   – Cerebrospinal fluid rhinorrhea
    Spontaneous
    Traumatic
     Iatrogenic
     Non-iatrogenic
    Neoplasm
• Retained irrigation fluids

diagnosis of chronic rhinitis [9]. Chronic rhinitis 
is observed in infectious and inflammatory rhi-
nopathies, including acute and chronic rhinosi-
nusitis, allergic rhinitis, and non-allergic rhinitis.

8.2.1  Allergic Rhinitis

Allergic rhinitis, the most common form of non- 
infectious rhinitis, refers to inflammation of the 
nasal mucosa due to IgE-mediated reactions to 
extrinsic allergens [10]. In addition to bilateral clear 
rhinorrhea, allergic rhinitis can be differentiated 
from CSF rhinorrhea by the classic allergic profile 
of sneezing, nasal congestion, and pruritus of the 
nasal cavity and hard palate [8, 11]. Allergic rhinitis 
caused by intermittent aeroallergens, such as pol-
lens from trees, grasses, and weeds, will character-

istically lead to bilateral, clear rhinorrhea. By 
contrast, persistent allergic rhinitis, which is com-
monly triggered by dust mites, cockroaches, animal 
dander, and molds, is characterized by the cardinal 
symptom of nasal obstruction [12, 13]. Patients 
with allergic rhinitis may present with comorbid 
atopic conditions, including atopic dermatitis, con-
junctivitis, and asthma. A family history of atopic 
diseases makes the diagnosis more likely and stud-
ies of parental involvement suggest a greater risk of 
atopic conditions when both parents are atopic than 
if one parent is atopic [14]. In vivo allergy testing, 
including skin prick and less commonly utilized 
intradermal tests, and in vitro allergy testing, such 
as radioallergosorbent tests (RAST), can assist in 
confirmation of an allergic etiology and can guide 
treatment [8, 15–18].

8.2.2  Non-Allergic Rhinitis

Chronic rhinitis in the absence of allergic disease 
is classified as non-allergic rhinitis and can be 
further subclassified as infectious, occupation- 
related, drug-induced, non-allergic rhinitis with 
eosinophilia syndrome, hormonal, or idiopathic 
rhinitis [8]. Over 200 million people worldwide 
suffer from non-allergic rhinitis and the preva-
lence of non-allergic rhinitis ranges from 28% to 
60% among otorhinolaryngology and allergy 
clinic populations [9, 19–23]. As in allergic rhini-
tis, the nasal discharge can be profuse, watery, 
and is usually bilateral. Non-allergic rhinitis is 
diagnosed by means of a thorough clinical evalu-
ation and appropriate testing to identify the 
underlying condition [19].

Viral and bacterial pathogens can activate an 
inflammatory process that can lead to 
rhinosinusitis.

Rhinorrhea secondary to rhinosinusitis pres-
ents in conjunction with nasal obstruction, facial 
pain or pressure, and smell dysfunction. The dis-
charge is usually mucoid, mucopurulent, or 
frankly purulent though can be clear and usually 
bilateral, although it may be unilateral. Ensuing 
symptoms for 4 weeks or less should prompt con-
sideration of an infectious etiology in the setting 
of acute rhinosinusitis, while symptoms that per-
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sist for 12  weeks or more are suggestive of 
chronic rhinosinusitis [8, 10, 24, 25].

Inhalant-induced rhinitis that arises following 
high-level or prolonged occupational exposure to 
airborne irritant chemicals is referred to as non- 
allergic occupational rhinitis or rhinopathy [9]. 
The incidence is estimated to be 5–15% [19]. 
Occupational-induced rhinitis has been observed 
in response to airborne allergens or irritants, 
including laboratory animal, wood dust, latex, 
grains, and chemicals, and demonstrate a tempo-
ral relationship with work environment exposure 
[8, 26–31]. Occupational-induced rhinitis should 
be differentiated from work-exacerbated rhinitis, 
which refers to pre-existing rhinitis exacerbated 
in the work environment [10, 31]. Again, while 
the discharge is usually watery, it is also 
bilateral.

Bilateral watery rhinorrhea in response to hot 
and spicy foods or alcoholic beverages is known 
as gustatory rhinitis. Gustatory rhinitis is pro-
duced by stimulation of muscarinic receptors in 
the nasal mucosa. The syndrome may respond to 
preprandial administration of ipratropium 
 bromide [9, 32]. It is believed to be more com-
mon among the elderly and frequently overlaps 
with rhinitis of the elderly, a form of clear ante-
rior rhinorrhea that affects elderly patients fol-
lowing age-related changes in the nose [9, 33].

Hormones of pregnancy, oral contraceptives, 
other estrogens, and even cyclical premenstrual 
hormonal changes have been found to contribute 
to rhinorrhea [19, 33]. Pregnancy-induced or ges-
tational rhinitis presents in an estimated 1  in 5 
pregnant women [33]. Increased circulating blood 
volume and estrogen may contribute to this effect 
by increasing histamine receptors in epithelial 
cells and the microvasculature, and exacerbating 
pre-existing rhinitis, however, the precise mecha-
nism remains unclear [19, 23, 34–36]. Symptoms 
are transient and classically resolve within 
2 weeks of delivery [23]. Hormonal imbalances of 
other metabolic disorders such as hypothyroidism 
and acromegaly have been suggested to cause or 
contribute to rhinitis, but the evidence for this 
association remains limited [33].

Several medications may induce rhinitis as an 
adverse effect of treatment [3, 8, 37]. Drug- 

induced rhinitis can result secondary to inflamma-
tion after ingestion or topical use of a medication 
[37]. For instance, non-steroidal anti- inflammatory 
drugs (NSAIDs) and aspirin induce a nasal 
inflammatory response via inhibition of cycloox-
ygenase-1 (COX-1) [37–39]. Neurogenic medica-
tion-induced rhinitis develops via neural 
stimulation of the nasal mucosa [37]. Alpha- and 
beta-adrenoceptor antagonists, such as guanethi-
dine, methyldopa and beta-blockers, downregu-
late sympathetic tone and lead to nasal congestion 
and rhinorrhea [37, 40]. Overuse of topical nasal 
decongestants can result in persistent nasal con-
gestion, rhinorrhea, and a characteristic beefy, red 
mucosa, known as rhinitis medicamentosa or 
rebound rhinitis [37, 41]. The pathophysiology of 
rhinitis medicamentosa remains unclear but is 
presumed to be caused by fatigue of the overstim-
ulated alpha-adrenergic vasoconstrictor mecha-
nisms and decreased sensitivity to endogenous 
catecholamines, resulting in reactive hyperemia 
and edema [37, 41–46]. Cocaine-induced rhinitis, 
resultant from one of the most commonly utilized 
intranasal illicit drugs, may result in prolonged 
vasoconstriction and rebound nasal mucosal 
edema and mucous production, similar to those 
seen in rhinitis medicamentosa [10, 47, 48].

Non-allergic rhinitis with eosinophilia 
(NARES) presents with perennial episodes of 
watery rhinorrhea, pruritus, epiphora, sneezing, 
and eosinophilia (5–20%) on nasal cytology in 
the setting of negative assessment for 
aeroallergen- specific IgE [9, 19]. The pathophys-
iology of the disease remains unclear but the 
prevalence of IgE-positive cells, eosinophils, and 
mast cells on histologic examination suggests an 
underlying local IgE-mediated process [19].

Idiopathic or vasomotor rhinitis refers to an 
upper respiratory hyper-responsiveness in the 
absence of identifiable trigger with no evidence 
of eosinophilia [8, 23]. There is a growing body 
of evidence to support avoidance of factors that 
may be exacerbating the rhinitis, such as ciga-
rette smoke and other environmental triggers, as 
well as topical therapies, including intranasal ste-
roids and intranasal ipratropium bromide to 
effectively reduce the rhinorrhea [49–54]. 
Paradoxically topical antihistamine nasal sprays 
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have been found to be very effective for the over-
all treatment of vasomotor rhinitis, likely through 
anti-inflammatory mechanisms [50]. Three mul-
ticenter, placebo-controlled clinical trials have 
confirmed the efficacy of azelastine hydrochlo-
ride nasal spray, an intranasal antihistamine with 
inhibitory effects on chemical mediators of 
inflammation, to reduce vasomotor rhinitis symp-
toms [50, 55–57]. In a placebo-controlled study 
of levocabastine, a potent H1-antagonist for vaso-
motor rhinitis, levocabastine was found to be 
superior to placebo for symptoms of nasal dis-
charge and sneezing [50, 58].

8.2.3  Other Conditions Mimicking 
CSF Rhinorrhea

Unilateral rhinorrhea may be observed in asym-
metrical pathologies, including nasal foreign 
bodies. In rare cases, sinonasal, orbital or brain 
tumor extension through the middle or anterior 
cranial fossa may lead to a CSF leak and associ-
ated central nervous system deficits [59].

Congenital choanal atresia occurs at an esti-
mated frequency of 1 in 7000–8000 births [60]. It 
may be bilateral, presenting at birth as cyclical 
cyanosis that improves with crying. More com-
monly, it occurs unilaterally and may not become 
apparent until later in childhood at which time 
the obstruction can manifest as unilateral rhinor-
rhea from the obstructed nostril [61, 62]. Careful 
clinical assessment with endoscopy and imaging 
can diagnose these structural abnormalities.

Skull base defects in the middle cranial fossa 
can communicate with the middle ear space and 
mastoid behind an intact tympanic membrane. 
CSF that collects in the middle ear space can 
drain down the Eustachian tube into the nasal 
cavity. In this instance, CSF otorrhea may mani-
fest as CSF rhinorrhea [1, 63].

Saline irrigations have been found to improve 
symptoms and quality of life in the management 
of chronic rhinitis. Nasal saline irrigations assist in 
restoring nasal and sinus physiology including 

improving muco-ciliary clearance; the disruption 
and removal of antigens, biofilms, and inflamma-
tory mediators; and by direct protection of the 
sinonasal mucosa [25]. Intranasal saline irriga-
tions can be retained in the paranasal sinuses after 
use, particularly after they have been surgically 
opened. Patients may note watery nasal drainage 
that occurs even hours after completing the irriga-
tion upon moving the head. Retained saline irriga-
tion can be challenging to distinguish from CSF 
rhinorrhea in the immediate postoperative period. 
However, a trial of discontinuation of saline irriga-
tions will eliminate associated retained fluid and 
allow it to be distinguished from a true CSF leak.

8.3  Diagnostic Approach

Bilateral defects, anatomic abnormalities includ-
ing septal perforations, and concomitant neurop-
athies can make it challenging to confirm and 
localize CSF rhinorrhea, and necessitate further 
investigations. A diagnostic algorithm for CSF 
rhinorrhea is outlined in Fig. 8.1 [7].

8.3.1  Clinical Evaluation

The diagnosis of CSF rhinorrhea begins with a 
directed history and physical exam. Rhinorrhea 
originating from a skull base defect is classically 
characterized as unilateral, dependent, clear rhi-
norrhea on endoscopy or a pulsatile mass. Patients 
may report observed rhinorrhea with positional 
variation, particularly when bending or lowering 
the head [1, 7]. Furthermore, CSF may be noted to 
have a salty or metallic taste by patients [1].

Skull base defects and their clinical conse-
quences should be diagnosed and managed 
quickly and efficiently. A history of spontaneous 
or recurrent bacterial meningitis may suggest a 
possible skull base defect that places the central 
nervous system in contact with bacterial patho-
gens from the nasal cavity [1, 64]. A skull base 
defect at the level of the cribriform plate may 
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History and Clinical Evaluation

Beta-2-Transferrin or Beta-
Trace Assay

High resolution
CT

(+), unable to collect fluid or ( ) with high
clinical suspicion

Concern for intracranial
pathology

MRI
Cisternography

Intrathecal fluorescein
or radioisotope

Surgery

Observation

(+)

(+)

Surgery +
Intrathecal
Fluorescein

Fig. 8.1 Diagnostic algorithm for cerebrospinal fluid rhinorrhea. CT Computed tomography, MRI magnetic resonance 
imaging, β-2 beta-2 transferrin

present as olfactory dysfunction, warranting 
careful clinical evaluation and magnetic reso-
nance imaging of the olfactory fossa [1]. The 
presence of a meningocele or meningoencepha-
locele may produce unilateral nasal obstruction.

CSF leaks are classified based on their etiol-
ogy: traumatic, iatrogenic, or spontaneous. An 
antecedent event of a head trauma, sinus, or skull 
base surgery in a patient with unilateral rhinor-
rhea should prompt consideration of a skull base 
defect [1]. CSF leaks are reported to occur in 2% 
to 20.8% of patients with traumatic basilar skull 
fractures [65]. In a review of 3402 patients who 
underwent endoscopic sinus surgery, CSF leak 
was reported in 19 (0.6%) patients [66].

Chronic headaches should be carefully inves-
tigated in the setting of clear, watery rhinorrhea 
for conditions that may result in increased intra-

cranial pressure including idiopathic intracranial 
hypertension, hydrocephalus, intracranial neo-
plasms, and meningoceles. Evaluation and man-
agement of these intracranial pathologies is 
critical in the definitive treatment of CSF rhinor-
rhea. Idiopathic or benign intracranial hyperten-
sion is presumed to occur as a consequence of 
impaired CSF absorption, resulting in chroni-
cally elevated intracranial pressure. The disease 
occurs most commonly in obese middle-aged 
women and presents with signs and symptoms 
suggestive of increased intracranial pressure, 
including pressure headaches, pulsatile tinnitus, 
papilledema, and visual disturbances [67, 68]. 
Imaging studies generally show small ventricles 
and an empty sella [67]. Prolonged cerebrospinal 
fluid leaks can result in intracranial hypotension 
(<6 mm H2O) resulting in descent of the brain-
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stem, crowding of the posterior fossa, and stretch-
ing and impingement on cranial nerves. This can 
manifest clinically in patients as postural head-
aches, neck stiffness, cranial neuropathies, nau-
sea, and emesis [69–71]. These cases may also 
have bilateral and/or multiple leak sites.

Clinical evaluation may provide useful insight 
into the source of the leak, associated pathology, 
and preoperative planning. On endoscopy, pulsa-
tile, clear fluid may be visualized from a patent 
craniofacial fistula. The nasal cavity should be 
carefully inspected for any mass lesions that may 
be contributing to a CSF leak or that will need to 
be addressed for appropriate management of the 
CSF leak. Anatomical abnormalities, such as 
 septal deviations, that may obstruct the nasal cav-
ity and impede transnasal surgery should be 
noted. Although endoscopic examination of the 
nasal cavity frequently does not provide diagnos-
tic certainty of a CSF leak, nasal examination can 
effectively eliminate alternative sources of clear 
rhinorrhea, such as inflammation of the sinonasal 
cavity and foreign bodies. Otoscopy should be 
performed to evaluate the ear for characteristic 
features of a middle ear effusion, such as an air- 
fluid level or opacification of the tympanic mem-
brane. Any concerning findings on otoscopy 
warrant formal otologic diagnostic testing, 
including audiologic assessment.

8.3.2  Investigations

 1. The “halo” or “double-ring” sign is a classic 
image in medicine and was taught as a 
method for determining whether bloody rhi-
norrhea contains CSF [72, 73]. This test is 
reliant upon the differing rates of separation 
of the components of CSF as they travel 
through a material [73]. The halo sign is con-
sistently visible when CSF concentrations 
are 30% to 90% when mixed with blood 
[72]. However, the finding is not specific to 
CSF as blood mixed with other clear fluids 
can present in a similar configuration, limit-
ing the utility of the test [2, 72]. As such, the 
clinical value of this sign remains controver-
sial [72].

 2. Beta-2 (β-2) transferrin is a highly reliable 
glycoprotein protein for human CSF and has 
become the gold standard in detection of CSF 
[3, 6, 59, 74, 75]. β-2 transferrin assays have a 
sensitivity of 87% to 100% and a specificity 
of 71% to 100% for CSF [6, 47, 74–82]. As 
such, it has been proposed that a negative β-2 
transferrin test in a patient with a suspected 
CSF leak may be sufficient justification for 
not performing additional invasive proce-
dures. β-trace protein is an alternative chemi-
cal marker that can be used in the detection of 
CSF. β-trace protein is produced by the 
meninges and choroid plexus and is released 
into CSF. It has 91% to 100% sensitivity and 
86% to 100% specificity to detect CSF [1, 
81–85]. β-2 transferrin and β-trace protein are 
limited by the prolonged analytical turn-
around time for confirmation of the test [1]. 
Glucose testing of suspected CSF rhinorrhea 
has been found to be non-specific and insensi-
tive and not routinely recommended in the 
diagnosis of CSF rhinorrhea [2, 86].

 3. High-resolution computed tomography (CT) 
scans, that is, CT imaging with 1–2 mm axial 
sections and coronal and sagittal reconstruc-
tions of the paranasal sinuses, should be the 
first-line investigation for all patients with 
suspected or confirmed CSF rhinorrhea for 
diagnosis and surgical planning [87, 88]. 
High-resolution CT has a sensitivity of 87% 
to 92% and a specificity of 100% [2, 76, 88, 
89]. Magnetic resonance (MR) cisternogra-
phy has a sensitivity and specificity of 56% to 
94% and 57% to 100%, respectively [2, 76, 
88, 90–100]. At a cost of $504 United States 
Dollars (USD) per study, high-resolution CT 
is a more cost-effective localization tool com-
pared to MR cisternography (with a cost of 
$913 USD) and should be used in the initial 
screen for CSF leak [2, 76]. In 45 clinically 
suspected CSF rhinorrhea patients, Shetty 
et al. [88] found that combined MR cisternog-
raphy and plain high-resolution CT, with at 
least one study considered positive on the 
basis of detection of CSF leak, sensitivity was 
95%, and specificity was 100%. CT cisternog-
raphy is a valid option for CSF leak localiza-
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a b

Fig. 8.2 Direct visualization of cerebrospinal fluid leak 
with the use of intrathecal fluorescein. (a) Clear rhinor-
rhea with dependent-positioning prior to intrathecal fluo-

rescein injection; (b) fluorescein-stained cerebrospinal 
fluid visualized following intrathecal fluorescein 
injection

tion, with a sensitivity of 33% to 100% and a 
specificity of 94%. It remains more expensive 
($1800 USD) to its counterparts suggesting 
high-resolution CT and/or MR cisternography 
should be considered first in the diagnostic 
workup of CSF rhinorrhea patients [2, 76, 89, 
91, 93, 95, 98, 101, 102]. Both forms of cister-
nography require the leak to be active at the 
time of the imaging which is not always 
practical.

 4. In patients with high clinical suspicion of CSF 
rhinorrhea, for instance, patients with recur-
rent meningitis, with negative radiographic 
findings, diagnostic intrathecal assessments 
can be considered to confirm the presence of 
CSF rhinorrhea. These studies have demon-
strated utility in patients with CSF that is too 
slow or intermittent to produce a sufficient 
sample for cytologic testing [2]. An intrathecal 
agent, in the form of a radioactive tracer, 
injected intrathecally via lumbar puncture, 
while nasal pledgets are in place, or fluores-
cein dye [2]. Positive nasal pledgets for the 
intrathecal agent are confirmatory of a CSF 

leak and establish laterality of the fistula. 
Radionuclide cisternography has a sensitivity 
of 76% to 100% and a specificity of 100% [76, 
89, 103]. However, as an invasive procedure at 
a cost of $2800 USD, repeating a β-2 transfer-
rin can be considered before embarking on 
radionuclide cisternography [2, 76]. Intrathecal 
fluorescein is almost exclusively used in the 
intraoperative localization of CSF leaks when 
the source is unclear and as an adjunctive tool 
in their successful closure [104–106]. As CSF 
is translucent and the operative field is fre-
quently blurred with blood and secretions, it 
may be difficult to recognize small CSF leaks 
[104–107]. Intrathecal fluorescein can provide 
direct endoscopic visualization of the CSF 
leak (Fig.  8.2). The protocol for intrathecal 
fluorescein use in this setting varies by hospi-
tal and department. Using a similar protocol to 
that described by Stammberger et  al. [108] 
(Table 8.2), filtered fluorescein is diluted in the 
patient’s own CSF and injected via lumbar 
puncture approximately 60 to 90  min before 
surgery while the patient remains in a reverse 
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Table 8.2 Protocol for intrathecal fluorescein use to min-
imize reaction

• Day before operation
   –  Skin test patient with fluorescein (2% eye drop 

preparation)
• Day of operation
   –  Ten milligrams intramuscularly of 

chlorpheniramine followed by (5 min later) 
intravenous dose of 0.25 mL of 10% fluorescein 
diluted to 0.5 mL with water for injection

   –  Approximately 20 min later, an intrathecal 
injection of 0.2 mL of 10% of sterile and filtered 
fluorescein made up to 7.5 mL with CSF (25G 
spinal needle)

   –  Patient then goes to the recovery area with the 
head of bed tipped down for approximately 1.5 h. 
Patient returns for normal general anesthetic for 
endoscopic sinus surgery

Fig. 8.3 A skull base defect localized intraoperatively 
after intrathecal fluorescein injection. The fluorescein- 
stained cerebrospinal fluid assists in diagnostic confirma-
tion and successful closure of the defect

trendelenburg position [7, 59, 107, 108]. The 
nasal cavity, postnasal space, and middle ear 
should be carefully examined for the fluores-
cein dye to localize the source of the fistula. 
The fluorescent, green appearance of fluores-
cein often does not require visual augmenta-
tion intraoperatively (Fig.  8.3); however, a 
yellow light or blue light filter, sensitive to 
dilutions of up to 1  in ten million parts, can 
assist in  localization of fluorescein-colored 
CSF [7, 59, 106, 109]. Intrathecal fluorescein 
use is generally considered safe when steril-

ized, filtered, and used in small concentrations, 
although maximum dose remains controver-
sial [59, 107]. Reports have described compli-
cations, such as seizures, radicular symptoms, 
transient paresis, and death when inappropri-
ate concentrations or types of fluorescein are 
utilized [59, 104, 107, 110–114]. It is impor-
tant that the benefits and small but important 
risk of intrathecal fluorescein use are discussed 
with patients, and written consent obtained if 
appropriate. Intrathecal fluorescein has a sen-
sitivity of 73% and specificity of 100% [2, 
109]. However, its use in this setting remains 
off-label without clear guidelines [2].

8.4  Summary

Accurate confirmation of the presence of a CSF 
leak and localization of the skull base defect is 
essential for optimal management of CSF rhinor-
rhea. Initial evaluation relies on a thorough clini-
cal history, physical examination, and endoscopic 
evaluation to rule out diseases that can mimic 
CSF rhinorrhea and identify the etiopathogenesis 
of the skull base defect. Cytologic studies are 
reliable as are specific markers in the initial 
screen of CSF rhinorrhea. High-resolution CT 
provides a detailed anatomical survey of the skull 
base to guide localization and surgical planning. 
MR cisternography is a useful tool for evaluation 
of intracranial pathology that should be addressed 
in the management of the CSF leak. As these tests 
are reliant on a constant flow of CSF for diagno-
sis, intrathecal agents can be considered in the 
diagnosis of intermittent or slow CSF leaks.
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of CSF Leak
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9.1  Introduction

Transnasal endoscopic surgery has revolution-
ized the management of cerebrospinal fluid 
(CSF) leaks over the last three decades. Surgery 
for this indication has evolved from neurosurgi-
cal open repairs, necessitating craniotomy and 
brain retraction that may produce significant 
morbidity and mixed results, to transnasal endo-
scopic repairs that are highly effective and almost 
free of complications.

As the barrier to perform transnasal endo-
scopic repairs has become lower, so has the role 
of conservative management of CSF leaks 
become relatively less. This chapter will briefly 
discuss the current state of nonsurgical manage-
ment of CSF leaks. We feel that there are two 
clinical scenarios where medical management 
may have a significant role to play: low volume 
leaks immediately after nonsurgical head trauma, 
and as an adjuvant to surgical therapy when high 
flow leaks are being closed without a certainty of 
success [1].

CSF leakage resulting in intermittent or con-
tinuous watery rhinorrhea is usually associated 
with a bony skull base defect and disruption of 

the layers of the arachnoid, dura, and sinonasal 
mucosa [2]. CSF leaks are uncommon but may be 
associated with life-threatening complications 
such as meningitis, pneumocephalus, or intracra-
nial abscess formation. Accordingly, each patient 
with a CSF leak requires careful and timely 
assessment and treatment (Fig. 9.1).

Identifying the underlying etiology and patho-
physiology of CSF leaks is the key to accom-
plishing a successful outcome [3]. CSF leaks can 
be characterized into traumatic (including surgi-
cal and accidental trauma) and nontraumatic. The 
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Fig. 9.1 A coronal CT of a patient with multiple fractures 
of the skull and clear rhinorrhea. It would be reasonable to 
treat the CSF leak conservatively in the early post-injury 
period
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nontraumatic group can be sub-classified into 
being associated with either normal or high intra-
cranial pressure [4, 5]. Tumors, CSF obstruction, 
congenital lesions, benign intracranial hyperten-
sion (BIH) resulting in spontaneous CSF leak 
and hydrocephalus are the main etiologies.

When investigating the cause of clear rhinor-
rhea, beta-2 transferrin or beta-trace positivity on 
a sample of nasal fluid has both high sensitivity 
and specificity for confirming that the rhinorrhea 
is caused by CSF leakage. Thin slice CT scan-
ning is generally the most helpful initial radio-
logical investigation [6, 7]. MR scans are 
frequently required to determine the nature of the 
soft tissue around the site of leakage, as well as 
the presence of any other intracranial pathology: 
T2-weighted MR sequences are particularly 
helpful as they differentiate fluid from soft tissue 
so clearly.

Once a CSF leak has been confirmed and 
localized, the optimal management will be based 
on a number of variables. Except for those caused 
by blunt trauma, CSF leaks are usually managed 
surgically in order to avoid potentially severe 
complications [4, 8].

9.2  Indications of Conservative 
Management

Among all CSF leaks, more than 90% result from 
traumatic etiologies (80% nonsurgical and 
around 20% surgical). More than half of the non-
surgical traumatic leaks occur within the first 
2  days after the injury, 70% within the first 
7  days, and nearly all occur within the first 
90 days [5, 9]. Some series have suggested that 
up to 30% of the patients with skull base frac-
tures will develop a CSF leak during the first 
3 months [10]. The sphenoid sinus (30%), frontal 
sinus (30%), and ethmoid/cribriform plate (23%) 
are the most common sites of CSF rhinorrhea fol-
lowing trauma [4, 5].

Traditionally, cases of CSF leak caused by 
trauma have been treated conservatively with a 
spontaneous closure rate after 1  week of up to 
85% of cases [11]. Based on this observation, a 
trial of conservative management is generally 

recommended unless there is a very high flow 
leak, neurological deterioration, or other intracra-
nial pathology [4]. Prompt surgical intervention 
is usually advised in cases of penetrating trauma, 
depressed skull base fractures, and impacted for-
eign bodies [10, 12].

Conservative management consists of a period 
of nonsurgical treatment that aims to reduce 
intracranial pressure (ICP) to decrease the flow of 
CSF through the dural defect. The measures 
include bed rest, head elevation to 30°, blood 
pressure control, and avoidance of nose blowing, 
coughing, straining, and vomiting [6].

It is usual for trials of conservative manage-
ment to not last for not more than about a week at 
most due to an increasing risk of meningitis after 
the first week if closure is not achieved.

9.3  Modalities of Conservative 
Management

9.3.1  Pharmaceutical Treatment

Stool softeners, anti-emetics, and antitussives 
can be used during conservative treatment to 
reduce oscillations in the intracranial pressure 
associated with Valsalva maneuvers [5, 10].

9.3.1.1  Antibiotics
Randomized controlled trials have shown no 
clear reduction of meningitis risk by the prescrib-
ing of prophylactic antibiotics for patients with 
active CSF leaks [5, 11, 13]. Further, in a recent 
Cochrane review, no significant differences were 
found between antibiotic prophylaxis groups and 
control groups regarding meningitis rates, overall 
mortality, meningitis-related mortality, and the 
necessity of surgical repair in patients with CSF 
leakage [14].

Moreover, even when a conservative treatment 
is chosen in cases of traumatic CSF leak, the use 
of prophylactic antibiotics is not supported by the 
available data [14]. Therefore, antibiotic prophy-
laxis to prevent ascending bacterial meningitis in 
the presence of CSF leak is reserved for high-risk 
cases such as those associated with acute rhinosi-
nusitis or contaminated wounds [5].
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9.3.1.2  Acetazolamide
Acetazolamide is a diuretic that reduces the rate 
of production of CSF by the choroid plexus by up 
to half [15]. The inhibition of the carbonic anhy-
drase enzyme, which normally catalyzes the con-
version of H2O and CO2 to HCO3

− and H+, is the 
primary mechanism of action of this drug [15].

Acetazolamide has a major role in cases of 
spontaneous CSF leak associated with elevated 
ICP [16, 17]. Once the leak has been repaired, a 
percentage of patients may then develop symptoms 
due to a postoperative elevation in ICP. Postsurgical 
long-term therapy can be prescribed in order to 
achieve better management of the ICP and the 
symptoms related to it. Some severe cases require 
ventriculoperitoneal shunting [16].

Regarding traumatic CSF leaks, acetazol-
amide has been used as an adjunct to decrease the 
volume of CSF. However, there is a lack of scien-
tific evidence that supports its efficacy to improve 
the rates of spontaneous closure of the defect dur-
ing the conservative management [16].

Acetazolamide therapy inevitably results in a 
metabolic acidosis, with an associated hypokale-
mia [16, 18]. Accordingly, it is suggested that 
patients on this medication have their plasma 
electrolyte levels checked periodically. Common 
side effects related to acetazolamide therapy 
include fatigue, abdominal pain, nausea, vomit-
ing, and paresthesiae [15]. Further, care should 
be taken on the administration of acetazolamide 
in patients with impaired renal or hepatic func-
tion. Drug interactions with certain antibiotics, 
sodium bicarbonate, amphetamines, and salicy-
lates have been documented [19].

9.3.2  Lumbar Drain

If low flow post-traumatic leaks do not stop spon-
taneously within a couple of days, then insertion 
of a lumbar drain and controlled drainage of CSF 
(5–10  mL/h) may be helpful. Recently, a study 
showed that insertion of a lumbar drain 48 h after 
injury had a positive impact on decreasing the 
amount of days with active leak compared to the 
non-drained group [10]. Subsequently, however, 
there was no significant difference in recurrence 

of leakage and incidence of meningitis between 
the two groups.

Lumbar drains in the context of a CSF leak are 
a two edged sword. Optimal drainage decreases 
CSF pressure and reduces flow across the dural 
opening to encourage its closure. However, with 
excessive drainage the flow can be reversed, 
exposing the patient to the risks of pneumocepha-
lus and contamination of the meningeal space 
with nasal bacteria [20]. Lumbar drains require 
continuous monitoring by experienced nurses in 
a neurosurgical intensive care ward. Continuous 
sampling and protein and glucose measurements, 
cell count, and cultures of the CSF are required to 
detect meningitis quickly should it develops [5]. 
Complications related to the lumbar drain include 
headaches, pneumocephalus, cerebral herniation, 
meningitis, seizures, and stroke [10].

There are a few absolute contraindications of 
lumbar drain placement such as the presence of 
infected skin over the puncture site and radiological 
evidence of divergent pressures between the supra-
tentorial and infratentorial compartments. Among 
the relative contraindications, ICP, brain abscess, 
and coagulopathy are the most important ones [21].

9.3.3  Immunization

The risk for an individual patient with a CSF leak 
of developing ascending meningitis is difficult to 
determine as it depends on the etiology and flow 
of the leak. Some authors believe that the overall 
risk of developing meningitis in patients with 
persistent spontaneous CSF leak is as high as 
19%, [22] and this risk may even be higher in 
cases of post-traumatic CSF leaks [23].

The potential for immunization against the 
most common bacterial pathogens of meningitis 
is a relatively recent advance in the management 
of CSF leaks [13]. Vaccines for the three most 
common pathogens associated with bacterial 
meningitis (Streptococcus pneumoniae, 
Haemophilus influenzae, and Neisseria menin-
gitidis) [24] are given commonly as part of the 
immunization program for children, the elderly, 
or patients with co-morbidities in most developed 
countries. However, there have been limited pub-
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lished data regarding the use of vaccination 
 specifically in the presence of a CSF leak [13]. 
Considering the high risk of meningitis and its 
potential sequela, it is reasonable to administer 
prophylaxis against meningitis pathogens in 
patients with proven CSF leaks [6].

9.3.3.1  Pneumococcal Vaccine
Several different types of pneumococcal vaccine 
are currently available in majority of the coun-
tries: 23-valent polysaccharide unconjugated 
vaccine (PPSV23) and a 7, 10, and 13 valent con-
jugated vaccines [25].

Pediatric Recommendations
The Advisory Committee on Immunization 
Practices (ACIP) recommends the routine use of 
the 13-valent vaccine (PCV13) for all children 
aged less than 6  years and for children aged 
6–18  years with immunocompromising condi-
tions, including CSF leak [25].

Adult Recommendations
Regarding adults, the ACIP recommends PPSV23 
vaccination among all adults aged ≥65 years and 
for adults at high risk aged 19–64 years at the time 
of diagnosis of the high-risk condition. Extended 
protection might be given through use of both pneu-
mococcal vaccines (PPSV23 and PCV13) [26].

9.3.3.2  Meningococcal 
and Haemophilus Vaccine

The impact of immunization with N. meningitis 
and H. influenzae on the prevalence of meningitis 
associated with CSF leak is not well documented. 
However, taking into account the safety of those 
vaccines and the potentially fatal outcomes of 
bacterial meningitis it is prudent to encourage the 
immunization for both pathogens in all patients 
with a CSF leak [13].

9.4  Risk of Meningitis During 
Conservative Treatment

The risk of ascending meningitis is one of the 
biggest concerns related to CSF leak and its 
repair. During the first 24 h after injury, the risk 

of meningitis is estimated in 0.6%, rising to 
5–11% seven days and to 55–88% after that 
period [6].

After a traumatic CSF leak, the cumulative 
risk of suffering bacterial meningitis has been 
estimated to be more than 85% over a 10-year 
period. The recurrence of CSF leakage after ini-
tial spontaneous cessation was 7% and meningi-
tis was recurrent in 30.6% [27]. Less common 
complications, such as pneumocephalus and 
intracranial abscesses, can occur in patients with 
CSF leak [16, 22].

The rate of meningitis reflects a number of dif-
ferent factors including the duration of the CSF 
leak, the location of the defect on the skull base, 
and the presence of acute rhinosinusitis. It has 
been showed that post-traumatic CSF leaks that 
last more than a week are related to an increased 
risk of meningitis [5]. Further, there is a signifi-
cantly increased incidence of ascending meningi-
tis noted during the long-term follow-up of 
patients managed conservatively, even when leak 
cessation is achieved within the first 7 days after 
trauma [5, 23, 28]. Bacterial meningitis remains a 
risk up to 20 years after traumatic CSF leaks [29]. 
Close observation of clinical signs and symptoms 
of meningitis such as fever, altered mental status, 
headache, and nuchal rigidity must be prioritized 
during the watchful period. In case of suspected 
meningitis, empiric antimicrobial therapy should 
be started once blood cultures have been obtained 
and prior to head CT. Following this, a head CT 
scan should be performed to exclude other intra-
cranial complications and, if there is no contrain-
dication, a lumbar puncture for CSF sampling 
should be done [30].

9.5  Indications of Surgical 
Intervention

Surgical closure provides the most definitive 
treatment for CSF leaks. With the advances in 
minimally invasive endoscopic approaches lead-
ing to improved success rates and reduced surgi-
cal morbidity, conservative treatment of CSF 
leaks is reserved for very specific cases and 
should be interrupted after three to 7 days if there 
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is no cessation of the leakage [6, 9, 23]. Some 
authors advocated that an early endoscopic repair, 
even in traumatic cases, should be considered as 
the optimal strategy to decrease the overall risk of 
meningitis [6].

Some other relative indications of surgical 
intervention in traumatic CSF leak include con-
comitant intracranial injuries that require surgery, 
fractures associated with defects more than 
10  mm or with encephaloceles/meningoceles, 
and fractures with delayed onset presentation of 
CSF leak or associated with meningitis (after at 
least 7 days of the resolution of the infection) [6].

Iatrogenic CSF leaks that are recognized intra-
operatively should be promptly repaired. In cases 
where the CSF leak is diagnosed postoperatively, 
the surgical repair should be done as soon as pos-
sible. It is also reasonable to start conservative 
measures, especially avoidance of nose blowing, 
coughing, and sneezing to prevent pneumocepha-
lus, until the definitive treatment of the CSF leak 
is accomplished [5].

Small skull base defects, usually related to a 
low CSF flow, have been satisfactorily repaired 
using free grafts which in some cases can be used 
in association with different types of avascular 
materials. For larger defects, multilayered recon-
struction often involving vascularized flaps is 
strongly recommended [31–33].
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Traumatic CSF Leaks

Corinna G. Levine, Mohammad H. Al-Bar, 
and Adam J. Folbe

10.1  Introduction

Among the etiologies of cerebrospinal fluid 
(CSF) leak, trauma accounts for at least 95% of 
reported leaks [1, 2] A CSF leak develops only in 
areas where both a dural defect and a bony defect 
result from the trauma. Most injuries that cause 
fractures in the skull base bone do not result in a 
CSF leak [3, 4]. However, traumatic head injury 
is more likely to cause CSF leak in the anterior 
cranial fossa where the dura is more firmly 
attached to the skull base bone than in middle and 
posterior cranial fossa [5].

The presenting symptoms of a posttraumatic 
CSF leak include rhinorrhea, headache, hypos-
mia, and meningitis. A radiologic sign of a pos-
sible CSF leak could be pneumocephalus 

(Fig. 10.1). The timing of presentation of a CSF 
leak after trauma can be as early as 2 days or as 
late as several months. About half of the patients 
will present within 2 days of the injury, and 70% 
will present within the first 2  weeks [3]. The 
exact nature of early versus late presentations of 
a CSF leak is not well understood. Early leaks are 
often result from a direct fracture of the skull 
base and concomitant tear in the underlying dura. 
A late leak may be caused by the same damage, 
but the presentation can be delayed secondary to 
intranasal tissue edema that eventually resolves, a 
blood clot that gets absorbed, or a loss of tissue 
from the wound edges that eventually allows the 
fluid to leak [6, 7].

10.2  Causes of Traumatic 
CSF Leak

• The majority of CSF leaks are traumatic in 
nature. Injuries to the base of skull can be the 
result of accidental injury or intraoperative 
(iatrogenic) injury. The type of trauma can be 
helpful in determining the most likely location 
of CSF fistula (Fig.  10.2). While most CSF 
leaks present at the time of or soon after the 
injury, this presentation can be delayed. Thus, 
for patients presenting with clear rhinorrhea, it 
is important to review any recent traumatic 
and surgical history.
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10.2.1  Accidental Injury

The most common causes of accidental traumatic 
injury resulting in CSF leak include motor vehicle 
accidents, falls, and assaults. These injuries can 
result in penetrating trauma with large disruptions 
in the skull base and CSF fistulas 8–9% of the time 
[8, 9]. More often, accidental injury results in 
closed head injuries or non-penetrating trauma, 
which make up the most common cause of trau-
matic CSF leak [10]. Up to 2% of all closed head 
trauma and 10–30% of adult skull base fractures 
result in traumatic CSF leak [3]. While penetrating 
trauma can occur in any location, non-penetrating 
trauma is most likely seen in the frontal sinuses 
and the cribriform plate [11]. Conservative man-
agement can be effective in a majority of skull 
base fractures [12].Fig. 10.1 Pneumocephalus in posttraumatic CSF leak

Traumatic CSF 
leak

Accidental Injury

Penetrating 
Trauma

Dependent on 
Injury Location 

Non-Penetrating 
Trauma

Cribriform

Frontal Sinus

Iatrogenic

Sinus Surgery

Ethmoid Roof
Cribriform

Neurosurgery 

Sphenoid/Frontal 

Fig. 10.2 Most likely site of skull base injury by traumatic etiology
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a b

Fig. 10.3 Endoscopic balloon skull base trauma. (a) coronal CT view; (b) saggital CT view; arrow indicates site of 
ballon injury penetrating the skull base

10.2.2  Iatrogenic Injury

The number of traumatic CSF leaks resulting 
from iatrogenic injury appears to be rising and is 
becoming a more common cause of CSF leak [7]. 
Prior studies reporting that nearly 80% of trau-
matic CSF leaks resulted from non-surgical 
trauma [13], but recently several studies indicate 
that the proportion of traumatic CSF leaks result-
ing from iatrogenic injury is increasing [14]. The 
authors speculate that a main reason for change is 
likely the increasing volume of endoscopic sinus 
and skull base surgery. The field of endoscopic 
surgery is growing. With improvements in endo-
scopic techniques and new instrumentation, 
many more providers are opting to utilize endo-
scopic approaches and in some cases they have 
replaced open procedures at the standard first- 
line approach [15, 16]. While the incidence of 
injury during sinus surgery is rare, between 
0.17% and 0.5% [17–19], the shear number of 
surgeries performed is high.

Traditionally, most injuries after sinus surgery 
occur in the ethmoid roof and the cribriform 
region [14]. Ethmoid roof injuries frequently 

occur at the junction of the ethmoid and sphenoid 
skull base where the angle of the skull base slopes 
inferiorly. Injuries to the cribriform often occur 
on the side of the surgeons dominant hand in the 
lateral lamella where the bone is thin and the sur-
geons hand will tend to move more medially 
when the patient’s head is not well positioned. 
However, with the increase in sinus balloon use 
[20], we are beginning to see new injuries to the 
anterior skull base that do not always follow the 
historical pattern [21] (Sinus balloon injury 
Fig. 10.3).

Iatrogenic CSF rhinorrhea can also result after 
neurosurgical procedures. In particular, CSF leak 
occurs after approaching tumors of the skull base 
either endoscopically or via open approaches. 
Pituitary tumors are among the most common 
surgically resected tumors. In the last decade, 
transsphenoidal approaches have surpassed other 
options as the most common surgical approach to 
pituitary tumors [22]. Thus, it is not surprising 
that iatrogenic sphenoid CSF leak after transs-
phenoidal pituitary surgery (0–15% occurrence) 
[23] is the most common site of iatrogenic CSF 
leak after neurosurgical procedures.
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10.3  Duration of Conservative 
Treatment

Many non-penetrating traumatic CSF leaks will 
resolve with conservative management. The lit-
erature supports spontaneous resolution of 
50–85% of posttraumatic CSF leaks with 7 days 
of conservative management [3, 24, 25]. In con-
trast, the resolution of iatrogenic CSF leaks is 
much more variable with reports as low as 2% 
[26]. One reason for this difference may be 
related to the size of the defect and the amount of 
dural and meningeal disruption. Non-penetrating 
trauma often results in bony fracture lines at 
points of skull base weakness. In contrast, iatro-
genic injury can range from small bony cracks to 
large defects involving dura and brain paren-
chyma [1].

10.3.1  Conservative Management

Conservative non-surgical management uses 
strict precautions designed to reduce a patients’ 
tendency to increase their intracranial pressure 
and minimize stress on the site of healing. 
Patients are traditionally placed on bed rest with 
the head of the bed elevated to ≥30° to reduce 
pressure increases with standard movement. 
Additionally activities leading to increased intra-
cranial pressure and valsalva are restricted/mini-
mized. These include (Table 10.1) nose blowing, 
yawning, use of straws, sneezing, and coughing 
with the mouth open, avoiding straining with 
bowel movements (routine stool softeners), and 
ceasing use of incentive spirometry. Several stud-
ies have examined the frequency of CSF leak 
resolution with conservative medical manage-
ment and report that 68–85% of patients have 
resolution of their CSF leak [24, 27]. The dura-
tion of conservative management recommended 

varies significantly from 3 days [28] to 7–10 days 
[3, 24, 29]. However, there is general agreement 
that after 7–10  days of conservative treatment 
additional interventional measures must be con-
sidered given at least eightfold increased risk of 
meningitis [27, 30, 31].

10.3.2  Lumbar Drain

Lumbar drain has been reported to be useful 
when strict conservative management fails [24, 
32] and some practitioners use it as part of their 
initial non-surgical treatment algorithm. The goal 
of CSF leak drainage is reduction of pressure in 
the fistula without causing pneumocephalus or 
CSF hypovolemia. The usual recommendation is 
for drainage of 10–15  mL per hour [28]. The 
duration of CSF drainage varies widely from 3 to 
10 days [24, 33–35].

In some studies the lumbar drain conservative 
CSF leak management has been reported to raise 
the success of non-surgical repair to near 90% 
[24]. A 2001 survey of otolaryngologists manag-
ing CSF leaks found that the majority utilized 
lumbar drains in their management [36]. A pau-
city of evidence exists to form clear recommen-
dations on the use of drains after traumatic CSF 
leak and before surgical repair [37]. In contrast, 
there is a growing body of literature on the use of 
lumbar drains after skull base surgery, but many 
of the results are conflicting even among high 
level studies: A recent meta-analysis by D’Anza 
et al. [38] indicates there is no difference in the 
postoperative CSF leak rate after skull base sur-
gery with or without a lumbar drain. In contrast, 
Zwagerman et  al. [33] published a randomized 
trial of over 150 endoscopic skull base surgery 
patients treated with and without a lumbar drain 
after surgery, indicating that those who had a 
lumbar drain at their institution were threefold 
less likely to develop a CSF leak.

10.3.3  Acetazolamide

Acetazolamide is a carbonic anhydrase inhibitor 
that reduces CSF production by up to 48% [39]. 

Table 10.1 Conservative CSF leak treatment

Bed rest
Head of bed ≥30°
Minimize increases of intracranial pressure
Minimize Valsalva
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Acetazolamide is often used in the management 
of spontaneous CSF leaks. Less is known about 
its role in traumatic CSF leaks. Gosal et al. con-
ducted a single center randomized study of trau-
matic CSF leak patients treated with conservative 
management. Half the patients were given acet-
azolamide and the other half were not. Duration 
of leak was 5 days in the acetazolamide treated 
group and 4 days in the control group [40]. The 
adequacy of randomization is unclear from the 
manuscript, which may impact the significance of 
the results. While more work needs to be done 
investigating the role of acetazolamide, this initial 
study does not indicate significant benefit by add-
ing acetazolamide in traumatic CSF leak patients.

10.3.4  Inappropriate 
for Conservative Treatment

Certain patients are not appropriate for conserva-
tive treatment. Those patients with penetrating 
injury, intracranial hematoma, traumatic menin-
gocele or encephalocele, significant pneumo-
cephalus, and large defects (Fig. 10.4) with low 
potential for healing should not be treated with 
conservative management and require prompt 
surgical intervention [2].

10.4  Management of ICU Patients 
with Skull Base Fracture

CSF leak caused by blunt trauma responds well 
to conservative treatment such as bed rest, head 
elevation, avoids straining, and/or lumber drain 
[6, 7, 27]. In those ICU patients with low level of 
consciousness who have the potential for a CSF 
leak, but without overt signs of skull base defect 
or CSF leak on examination, it may be reasonable 
to observe them. Reports of spontaneous resolu-
tion with conservative measures may be as high 
as 85% [41]. In patients with meningitis, provid-
ers need to have a high leve of suspicion of an 
undiagnosed CSF leak. The role of antibiotic pro-
phylaxis in these patients is not clear and is dis-
cussed below. ICU patients with known and 
persistent CSF leak, despite conservative man-
agement, or with delayed discovery of a CSF leak 
the chance of spontaneous cessation is low and 
the risk of meningitis is increased. Thus, in this 
group operative intervention is usually required 
to address the CSF leak [42–44].

10.5  Risk of Meningitis

The risk of meningitis in skull base fracture and 
CSF leak is well known [45]. The risk increases 
when the onset of CSF leak after injury is delayed 
or with prolonged CSF leak duration. Studies 
report that the risk in the first day is 0.62% and 
can increase significantly in the first week and by 
over tenfold (8%) per week for the first 2 weeks 
[46, 47]. In nearly 20% of patients the first sign of 
a CSF leak is meningitis. It remains a major com-
plication of skull base fracture and subsequent 
CSF leak with a mortality rate of 10%. In skull 
base fractures, delayed meningitis indicates a 
persistent communication (fistula) between the 
nasal cavity and the brain; hence, the need for 
surgical repair of defect in most cases. This per-
sistence might be related to infection, posttrau-
matic hydrocephalus, and increase in intracranial 
pressure. In some instances, meningitis by itself 
can cause inflammation leading to healing of the 
dura and closure of the defect. Another signifi-
cant factor that may contribute to increased risk Fig. 10.4 Coronal CT of large skull base fracture
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of meningitis is the mechanism of injury. 
Penetrating injury has a significant higher risk of 
contamination, infection, meningitis, and brain 
abscess [8]. Iatrogenic CSF leak has a lower inci-
dence of meningitis. Pathogens commonly 
 isolated in meningitis among all types of CSF 
leaks include Streptococcus pneumoniae and 
Haemophilus influenza. In traumatic CSF leaks, 
there is not clear evidence of a single organism, 
but staph aureus appears to be one of the more 
common organisms.

10.6  Prophylactic Antibiotics

Prophylactic antibiotics treatment for CSF leaks 
remains an area of discussion. There is some con-
troversy about the effectiveness of prophylactic 
antibiotics in the literature. In a number of sys-
temic review articles and Cochrane systemic 
reviews, the studies report no significant decrease 
in risk of developing meningitis with usage of 
prophylactic antibiotics [25, 48–50]. Additionally, 
most evidence from randomized controled trials 
and other research literatures does not support 
the routine use of prophylactic antibiotics. These 
studies found no significant reduction in the risk 
of meningitis using prophylactic antibiotics for 
CSF leaks or in the immediate period after base 
of skull fractures [25, 48, 49, 51]. However, a few 
studies and review articles reported that the use 
of prophylactic antibiotic may decrease the risk 
of meningitis from 10% to 2.5% [52] and from 
20% to 10% [47]. Perioperative antibiotics 
directed toward gram negative bacteria are used 
by some practitioners, particularly in situations 
where patients have nasal packing or a concur-
rent lumbar drain in place [14].

10.7  Recognition 
of Intraoperative Iatrogenic 
CSF Leak

The most important step in identifying a CSF 
leak is having a clinical suspicion. Most iatro-
genic CSF leaks are present and recognizable at 
the time of surgery. A small portion is present in 

delayed fashion days to weeks or months after 
surgery as edema resolves.

10.7.1  Risk Assessment 
and Prevention

Certain features put patients at increased risk of 
iatrogenic CSF leak. Patients who have inadver-
tent injury to the skull base during sinus surgery 
are more likely to have a lower cribriform height 
relative to their ethmoid roof and greater slope of 
the skull base in either the coronal or sagittal 
planes [53, 54]. Skull base asymmetry, Onodi 
cells, and scarring are other features that should 
be noted prior to surgery. Patients with these fea-
tures need to be identified preoperatively and 
extra care taken in these locations. This begins 
with the systematic assessment of imaging prior 
to surgery. All patients being taken for endo-
scopic sinus and skull base surgery should have 
commuted tomography images in coronal, sagit-
tal, and axial views. The authors teach trainees 
the use of the “CLOSE” System [55] as a method-
ical means of reviewing preoperative imaging 
and areas of greatest risk of injury.

In addition to reviewing imaging anatomy in 
transsphenoidal pituitary surgery, other features 
have been shown to be associated with intraop-
erative and postoperative CSF leak including 
body mass index, hydrocephalus, suprasellar 
tumor extension, and craniopharyngioma  
[56, 57].

Intraoperatively many surgeons choose to use 
image guidance. The use of image guidance may 
be helpful, but has not been proven to prevent iat-
rogenic skull base injury [58–60]. Other impor-
tant principals of prevention during surgery 
include proper patient positioning, systematic 
identification of anatomic landmarks, and good 
hemostasis.

10.7.2  Identification

The entirety of the exposed skull base should be 
carefully inspected prior to completing any 
sinus surgery. Particular attention must be paid 
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to areas of anatomic propensity for injury as 
seen on preoperative imaging. Good hemostasis 
enables complete evaluation of these anatomic 
areas. Many iatrogenic leaks are identifiable 
during the surgery as a persistent leak of clear 
fluid in an area of disrupted skull base bone. 
The dura defect may or may not be fully visi-
ble. In the case of suspected CSF leak, the 
authors have the anesthetist perform a valsalva 
to 40  mmHG to evaluate the area of concern 
under high pressure.

If a CSF leak is identified, it is imperative to 
carefully assess the area of leak in order to 
determine size and depth, proximity to sur-
rounding structures, signs of intracranial 
bleeding, and assess the integrity of the remain-
ing skull base. If possible the defect should be 
repaired during the same surgery (see “Timing 
of Surgical Inter vention” below). If it is not 
feasible to repair the injury at the time of sur-
gery or there is high suspicion of an injury that 
could not be identified, then postoperative 
imaging is warranted to define the area of 
defect and evaluate for pneumocephalus or 
intracranial bleeding.

Imaging after injury is essential for localiz-
ing the injury site and defining injury extent. 
Imaging should also be used to rule out other 
significant complications necessitating immedi-
ate repair, such as severe pneumocephalus or 
intracranial hemorrhage. Finally, imaging can 
be used to help plan for operative repair. In a 
recent article, Oakley et  al. performed an evi-
dence based review on diagnosing CSF leaks. In 
cases where the skull base injury may not be 
obvious, a high resolution CT scan and intrathe-
cal flourescene have a high success rate in iden-
tifying the location of the leak [47] (see Chap. 
20 for more details).

10.8  Timing of Surgical 
Intervention of Iatrogenic 
CSF Leak

The timing of surgical intervention for iatrogenic 
CSF leak depends significantly on the timing of 
CSF leak recognition:

10.8.1  Intraoperatively

CSF leaks recognized at the time of surgery 
should be repaired during the same surgery. 
Immediate treatment minimizes the risk of infec-
tion and optimizes patient care (see Chap. 20 for 
details on repair options).

10.8.2  Delayed Recognition

CSF leaks that present after completion of surgi-
cal intervention should be treated as related to 
surgery until proven otherwise. These patients 
should be examined immediately and appropriate 
imaging performed (see Chap. 20). Large defects 
require immediate surgical intervention. For 
small defects, it may be reasonable to trial several 
days to a week of conservative treatment which 
has been reported successful in certain situations 
such as after pituitary surgery where reconstruc-
tion was performed despite the lack of an active 
leak intraoperatively [61]. Outside of these spe-
cific situations, the authors believe that iatrogenic 
CSF leaks that present in a delayed fashion are 
less likely to resolve with conservative treatment 
alone and require surgical intervention.

10.9  Special Considerations

10.9.1  CSF Otorhinorrhea

In rare cases patients with a normal endoscopic 
sinus exam and intact anterior skull base on 
imaging will present with reports of clear rhinor-
rhea and salty post-nasal drainage. It is important 
to remember that middle and posterior cranial 
fossa injury can also occur through sphenoid 
bone injury and temporal bone fractures. In these 
instances the CSF leak is actually coming from 
the middle ear space and exiting from the 
Eustachian tube. It is also possible that a tempo-
ral bone fracture can track from the greater wing 
of the sphenoid into the sphenoid sinus [62]. 
Management of these CSF leaks is outside the 
scope of this text, but it is important this possibil-
ity is recognized and investigated thoroughly.
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10.9.2  Positive Pressure Ventilation

The use of positive pressure ventilation in patients 
with skull base defects or patients with recent 
repairs of skull base defects is not well studied. 
There is an increasing number of patients on pos-
itive pressure masks for treatment of obstructive 
sleep apnea. Some posttraumatic CSF leak 
patients may present with significant pneumo-
cephalus and headaches if they start using CPAP 
machines.

The timing of resuming positive pressure ven-
tilation in the postoperative period is somewhat 
controversial. In a recent study by Choi et al., the 
authors surveyed members of the North American 
Skull Base Society, about their recommendations 
on the timing of CPAP after surgery. The results 
of the surveyed showed that there is variability 
among the, and most patients started CPAP about 
14–21 days after surgery [49].
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Spontaneous CSF Leak

Mohammed H. K. Hassab, Ahmed A. Ibrahim, 
and Mohamed Eid

Cerebrospinal fluid (CSF) leak occurring in a 
patient without a clear triggering factor such as 
accidental trauma, surgery, tumor, or congenital 
malformation is labeled spontaneous. Typically, 
these leaks occur in areas where the anterior or 
middle skull base and the dura are breached into 
the nasal cavity or the paranasal sinuses. 
Furthermore, spontaneous leaks can occur in the 
lateral skull base where the bone and dura are 
breached over the temporal bone. This chapter 
will focus on spontaneous CSF leaks due to 
defects in the anterior and middle skull base and 
presenting with CSF rhinorrhea. It will review 
the proposed pathophysiology for this disease as 
well as its relation to elevated intracranial pres-
sure (ICP) and idiopathic intracranial hyperten-
sion (IIH). The clinical presentation and 
diagnostic evaluation of patients with spontane-
ous CSF rhinorrhea will be discussed. Further, 
the management strategy of this condition will be 
outlined especially measures to reduce ICP fol-
lowing surgical repair.

11.1  Incidence and Demographics

In early reported series of CSF leaks in the 1990s, 
spontaneous CSF leaks accounted for 3–5% of 
all leaks. However, in series reported in the 
2000s, spontaneous CSF leaks accounted for 
14–46% of all leaks which may indicate either a 
rise in the incidence of the disease and/or 
increased diagnosis and management of patients 
with this condition by otolaryngologists [1–3].

Typically, spontaneous CSF leak occurs in mid-
dle-aged overweight or obese women. In most 
reported case series of this disease, women were 
affected more than man comprising 77–85% of all 
patients. The average age of patients, across differ-
ent studies, varied between 50 and 61 years. The 
majority of patients had an elevated body mass 
index (BMI) [4–6]. Woodworth et  al. [5] found 
that 82% of patients in their series had an elevated 
BMI averaging 36.2. Seth et al. [4] and Schlosser 
et  al. [6] found similar level of obesity in their 
series of patients with spontaneous CSF leaks.

11.2  Pathophysiology 
of Spontaneous CSF Leak

The exact pathophysiology of spontaneous CSF 
leak is still a matter of debate; however, a lot of 
evidence points that it is likely a variant of idio-
pathic intracranial hypertension (IIH) [5–7].
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11.3  Idiopathic Intracranial 
Hypertension (IIH)

This disease has been previously known as pseu-
dotumor cerebri syndrome, meningeal hydrops, 
and benign intracranial hypertension. It is defined 
as an elevation in CSF pressure with normal brain 
parenchyma, absence of ventriculomegaly, and 
no identifiable cause [7, 8].

Patients classically present with severe head-
aches, papilledema, and vision loss, which may 
progress to blindness in advanced or rapidly pro-
gressive cases. Actually, visual loss represents 
the major morbidity associated with IIH. Lesser 
described, but relatively common symptoms are 
dizziness and/or tinnitus [1, 8].

Over 80% of patients presenting with IIH are 
women of childbearing age. Ninety percent are 
obese. Although the overall incidence of IIH is 
estimated at 0.9 per 100,000, this rate increases 
20-fold to 19 per 100,000 when only considering 
overweight women [9, 10]. IIH incidence may be 
increasing proportionately to the obesity epi-
demic occurring globally. Nonobese patients, 
males, older adults, and children can also be 
diagnosed but may present with different symp-
toms and have worse outcomes [11]. Interestingly, 
studies have shown that men with IIH are more 
likely to have obstructive sleep apnea (OSA) and 
twice as likely to develop severe visual loss [12].

11.4  Pathophysiology of IIH

CSF is produced in the choroid plexus within the 
lateral, third, and fourth ventricles at a rate of 
0.35 mL/min and flows from the ventricular sys-
tem into the subarachnoid space. CSF absorption 
occurs at the arachnoid villi along the cerebral 
convexities. These arachnoid villi project into the 
dural sinuses and act as one-way valves that typi-
cally require a pressure gradient of 1.5 to 7 cm 
H2O that promote anterograde flow of CSF into 
the low-pressure vascular dural sinuses. Normal 
CSF pressure in the lumbar cistern, when mea-
sured in the lateral decubitus position, is between 
5 and 15  cm H2O.  Several factors affect CSF 

pressure including time of the day, age, activity 
level as well as the cardiopulmonary cycles [13].

.Most investigators agree that cerebral venous 
hypertension is the primary factor underlying 
IIH, which in turn leads to dysfunctional arach-
noid granulations, impaired CSF absorption, and 
elevated intracranial pressures (ICP) [8, 14]. The 
pathophysiology behind the cerebral venous 
hypertension, however, remains controversial. 
Excluding an identifiable/treatable cause such as 
cerebral venous thrombosis, tumors, trauma, 
hemorrhage, and infection, cerebral venous 
hypertension and IIH are proposed to arise from 
one of the two mechanisms:

• Truncal Obesity: Adipose accumulation 
around the abdominal compartment is thought 
to compress this space and its contents, which 
in turn raises central venous pressure, cerebral 
venous pressure, and ICP.  Cohort studies of 
patients undergoing gastric bypass have dem-
onstrated normalization of ICPs with dimin-
ishing abdominal girth [15, 16].

• Dural Venous Sinus Stenosis: The prevailing 
theory suggests that IIH may arise via stenosis 
of the dural venous sinuses. Several investiga-
tors have demonstrated transverse sinus steno-
sis on magnetic resonance venography (MRV) 
in a majority of IIH patients (Fig.  11.1). 
Intramural manometry has also demonstrated 

Fig. 11.1 3D-MRV sequence showing bilateral stenoses 
at the junction of the transverse and the sigmoid sinuses 
(white arrows) in a patient with IIH
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pressure gradients across stenotic sinuses that 
normalize when stented [17, 18]. Opponents 
of this theory argue that elevated ICP may be 
the cause of venous sinus stenosis/compres-
sion rather than the effect, as stenosis is known 
to resolve following lumbar puncture [14, 19].

11.5  Relationship Between 
Spontaneous CSF Leak 
and IIH

Most of the patients with spontaneous CSF rhi-
norrhea show clinical signs and radiographic fea-
tures of increased intracranial pressure (ICP) 
such as empty sella syndrome (80%), arachnoid 
pits (63%), and a thinned and broadly attenuated 
skull base. In their study, Psaltis et al. [20] found 
that patients with spontaneous CSF rhinorrhea 
had thinner skull bases in the region of the eth-
moidal roof, lateral lamella, and anterior face of 
the sella compared with patients with traumatic 
leaks and non-leaking controls. CSF pressure 
monitoring, using lumbar drain pressures, shows 
in most cases of spontaneous CSF leak undergo-
ing surgical repair an average pressure of 
25–27  cm H2O that is well above the normal 
range of 10–15  cm H2O pressure [4, 7]. 
Interestingly, Schlosser et al. [7] noticed that the 
age, gender, and BMI trends in patients with 
spontaneous CSF leak closely resemble those 
seen in patients with IIH. In their series of patients 
with spontaneous CSF leaks, 72% of patients met 
the modified Dandy criteria for IIH.  These 
include symptoms of elevated ICP, CSF opening 
pressure >25  cm H2O, absence of localizing or 
focal neurologic signs, normal CSF composition 
with exclusion of cerebral venous thrombosis (by 
CT or MRI). This led the authors to speculate that 
many spontaneous CSF leaks may be an end 
result of IIH. They suggest that dural pulsations 
generated from elevated ICP exert direct pressure 
on the bony skull base. This continued pressure 
will result in erosion of the thinnest areas of the 
skull base with herniation of the brain and menin-
ges and CSF leakage. They presume that elevated 
ICP and a thinned broadly attenuated skull base 

(often secondary to hyperpneumatization) are 
important predisposing factors for spontaneous 
CSF leaks [1, 7].

11.6  Clinical Picture

Clear watery usually unilateral rhinorrhea devel-
oping without an inciting event is the main pre-
sentation of this condition. In most cases, putting 
the head in a dependent position will make the 
watery leak obvious. Difficulty in sleeping in the 
supine position and persistent cough because of 
aspiration are common complaints in these 
patients. History of meningitis and/or seizures 
may be present. A salty taste of the trickling fluid 
is confirmed in the majority of patients. Secondary 
symptoms related to elevated ICP may be found 
in this group of patients such as headache, visual 
disturbances, tinnitus, and dizziness and may 
persist even after surgical repair [1].

11.7  Diagnostic Approach

The diagnosis of a spontaneous CSF leak is 
achieved through combining the clinical picture, 
endoscopic picture with identification of beta 
trace protein/beta2 transferrin in nasal secretions 
together with performing imaging studies. 
Besides confirming the nature of leaking fluid, 
this will identify the site of the leak in the skull 
base. Ophthalmological evaluation with fundus 
examination is essential to detect papilledema, 
visual field defects, and other ophthalmological 
signs of elevated ICP.

11.8  Imaging Studies 
in Spontaneous CSF 
Rhinorrhea

CSF rhinorrhea occurs when there is a communi-
cation between the subarachnoid space and the 
sinonasal (or middle ear) cavity through an osteo-
dural defect in the skull base. Imaging studies are 
critical for the accurate identification of the site 
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and size of this osteodural defect. This would 
enable planning of the appropriate management 
to prevent further rhinorrhea and other potential 
complications. Imaging studies are also essential 
for ruling out secondary causes such as tumors or 
congenital lesions. Furthermore, they outline 
radiologic findings of elevated ICP and/or IIH if 
present.

Non-contrast enhanced high-resolution com-
puted tomography (HRCT) and magnetic reso-
nance cisternography (MRC) are the main 
imaging techniques utilized in the investigation 
of a clinically suspected spontaneous CSF rhi-
norrhea. They do not depend on the presence of 

active CSF leakage. They are also less expensive, 
non-invasive (no lumbar puncture or intrathecal 
contrast injection) and have shorter examination 
times and higher compliance rates [21, 22].

Plain HRCT is usually the initial radiologic 
investigation of choice. It has reported 92% sen-
sitivity and 100% specificity in detecting bony 
defects in the skull base. MRC provides impor-
tant complementary information to the HRCT 
(Fig.  11.2). It is non-invasive and can demon-
strate the CSF leak without the disadvantages of 
ionizing radiation and lumbar puncture. It is per-
formed heavily utilizing T2-weighted images 
with fat suppression highlighting the bright CSF 

a

c

b

Fig. 11.2 (a) Coronal high-resolution CT shows a tiny 
right cribriform plate defect, with opacification of the 
underlying olfactory recess (yellow arrow) suggestive of a 
meningocele. (b) Coronal 3D T2 MRI (MR cisternogra-
phy) sequence of the same patient shows the CSF-like 

signal (yellow arrow) confirming the meningocele and 
CSF leak. (c) Endoscopic picture of the right olfactory 
cleft of the same patient at the time of surgical exploration 
showing a very small meningocele stained with fluores-
cein (black arrow)
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signal against a dark background of soft tissue 
and bone structures. These 3D sequences are 
acquired in the coronal plane and can be refor-
matted in multiple planes [1, 21, 22].

11.9  Radiologic Findings 
in Spontaneous CSF 
Rhinorrhea

11.9.1  Skull Base Osteodural Defect

HRCT in spontaneous CSF rhinorrhea will show 
a skull base defect with opacification or mucosal 
thickening of the adjacent sinus or air cells. The 

most common location for this defect varies by 
case series but generally involves the cribriform 
plate, ethmoidal roof, and lateral wall of the 
sphenoid. Central sphenoid, frontal sinus, and the 
clivus are relatively rare locations for spontane-
ous CSF leaks [4, 5, 23]. Occasionally, multiple 
bony defects are present in the same patient and 
this possibility should always be considered 
whenever managing patients with spontaneous 
CSF leak as its reported incidence varies between 
3% and 16% in patients with spontaneous leaks 
(Fig. 11.3) [4, 5]. MRC will show a contiguous 
high T2 weighted signal CSF column communi-
cating between the subarachnoid space and the 
sinonasal cavity via the skull base.

a

c

b

Fig. 11.3 (a) Coronal high-resolution CT shows a bony 
defect (yellow arrow) of the right lateral lamella with 
opacified underlying ethmoidal air cells. Also note the 
widened optic nerve sheaths. Coronal (b) and axial (c) 

high-resolution CT of the same patient show a second 
bony defect (yellow arrow) at the postero-superior wall of 
the left frontal sinus
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11.9.2  Meningocele/
Meningoencephalocele

Besides the bony defect, the majority of patients 
will have herniation of meninges and/or brain 
parenchyma extracranially forming a meningo-
cele or a meningoencephalocele. MRC will accu-
rately show the nature of the herniating tissues [1, 
21, 22].

11.9.3  Signs of Increased ICP

Patients with spontaneous CSF rhinorrhea will 
commonly have radiologic evidence of elevated 
ICP (Fig.  11.4). The most common sign is an 
empty sella turcica. Patients with IIH will show 
additional signs of elevated ICP such as prominent 
arachnoid pits, dilated optic nerve sheaths, dilated 
Meckel’s caves, posterior globe flattening or ste-
nosis of cerebral venous sinuses, and a thinned and 
broadly attenuated skull base [1, 21, 22].

11.10  Treatment of Spontaneous 
CSF Rhinorrhea

Effective management is essential in patients with 
spontaneous CSF fistulas to prevent meningitis, 
encephalitis, pneumocephalus, brain abscess, and 
other potential complications. If left untreated, 
10% of patients may develop meningitis each 
year, and as many as 40% may develop meningitis 
in the long term [22]. Some spontaneous CSF fis-
tulas may resolve spontaneously or with a trial of 
conservative measures including acetazolamide 
therapy. Interestingly, in a study by Tilak AM 
et al. [24] a trial of acetazolamide therapy (250 mg 
twice daily) as an initial option in their study 
which included 16 patients resulted in resolution 
of the spontaneous CSF leak in five patients 
(31.3%). Those five patients had an average 
BMI < 39.15. This suggests a relationship between 
the effectiveness of acetazolamide and the 
BMI. Accordingly, they recommend a treatment 
trial with acetazolamide 250 mg BID for 30 days 
in patients with BMI less than 39.15 [24].

The endoscopic surgical repair of spontaneous 
CSF fistulae is the mainstay of treatment. It is 
safe, effective, and entails minimal morbidity 
when compared to a neurosurgical craniotomy 
approach. Accordingly, it is considered to be the 
standard of care for most cases. Details of surgi-
cal repair of different types of CSF leak are cov-
ered elsewhere in this book. However, there are 
essential considerations in the management plan 
of patients with spontaneous CSF leaks that are 
imperative for success. First, it is critical to 
understand the role of elevated ICP in the opera-
tive and perioperative planning. Failure to con-
sider this role may account for higher possibility 
of failure of the repair or recurrence of the CSF 
leak. Another critical consideration is that in 
many instances in this group of patients, the 
defect is very small and may not be obvious on 
the preoperative CT or at the time of surgical 
exploration. In other instances, more than one 
defect may exist in the same patient. Hence, the 
real challenge here will be the accurate identifi-
cation of the skull base defect at the time of sur-
gery and exploring the possibility of coexistent 
multiple defects. Accordingly, our surgical tech-
nique typically starts with performance of a lum-
bar puncture and intrathecal injection of 
fluorescein. This indeed helps to accurately local-
ize the skull base defect or defects intraopera-
tively and demonstrates the adequacy of the 
repair. Whether to use lumbar drains or not is 
controversial. Using lumbar drains is attended 
with potential complications that include persis-
tent lumbar leakage after removal, over drainage, 
and retained catheters, pneumocephalus, brain 
herniation [25, 26]. Up to the present time there 
are no evidence-based studies that favor their use 
in this group of patients, hence their judicious use 
is recommended. Occasionally, a decision to 
insert a lumbar drain is considered in patients 
with obviously high flow leaks to facilitate the 
repair and allow graft placement at the time of 
surgery and to reduce the pressure at the repair 
site during the early healing phase. In regard the 
repair technique, and because of the elevated ICP, 
we prefer underlay repair whenever feasible. This 
will depend upon the site and size of the skull 
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Fig. 11.4 (a) Sagittal reformat of 3D T2 MRI (MR cis-
ternography) sequence shows ballooned “empty” sella 
turcica, as well as multiple dilated CSF sheaths around the 
olfactory rootlets. Findings suggestive of IIH. (b) Sagittal 
reformat of high-resolution CT shows empty sella with 
marked rarefaction of the dorsum sellae (yellow arrow). 
(c) Coronal 3D T2 MRI (MR cisternography) sequence 

shows dilated optic nerve sheaths (yellow arrows): optic 
hydrops, in favor of IIH. (d, e) Coronal high-resolution 
CT showing multiple herniation arachnoid pits of the floor 
of the middle cranial fossa (yellow arrows in d), and a 
defect of the left tegmen tympani (yellow arrow in e) that 
showed a meningocele in MR cisternography (not shown), 
both in keeping with IIH

base defect. So for defects in the ethmoidal roof, 
underlay repair can be carried out with ease. 
Here, grafting material including, cartilage or 
bone, can be placed in the defect in an underlay 
fashion. This is followed by placement of overlay 

mucosal grafts (usually free, less commonly 
 pedicled) to cover the defect area. Conversely, for 
very small defects (<3 mm) and for defects in the 
cribriform plate where the bone surrounding the 
defect area is very thin and the dura is adherent, 
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placement of an underlay graft is quite difficult 
and the use of overlay technique is more practical 
(video). In all instances, the mucosal grafts are 
secured into position with gelfoam and/or oxi-
dized cellulose. Nasal packing is inserted to sup-
port the repair and typically removed on the third 
to fifth postoperative day.

11.11  Outcome of Surgical  
Repair and Postoperative 
Management

Spontaneous CSF leaks that are associated with 
elevated ICP have the highest failure/recurrence 
rate (25%–87%) after surgical repair compared 
with that for other types of CSF leaks (less than 
10%) [1]. Short-term and long-term recurrences 
of spontaneous CSF leaks are believed to result 
from lack of management of elevated ICP in this 
group of patients. However, Soler and Schlosser 
[1] in a systematic review and meta-analysis of 
studies reporting success rate after surgical repair 
have found that the success rate for surgical 
repair of spontaneous CSF leaks has increased 
over time reaching 91.1%. This probably reflects 
a better understanding of the importance of man-
agement of the elevated ICP in this group of 
patients. Chaaban et al. [27] found that the CSF 
pressure significantly rises following surgical 
repair of the skull base defect. Teachey et al. [28] 
in their study, which included a prospective case 
series and a systematic review of published 
series, showed that intervention for managing 
this elevated ICP improves success rate after sur-
gical repair. Successful primary repair was 
92.82% in patient cohorts where ICP evaluation 
and intervention with acetazolamide or CSF 
shunt systems were performed, but was signifi-
cantly decreased to 81.87% in series with no 
active management of elevated ICP.

The diagnosis of elevated ICP can be made 
directly via lumbar puncture or indirectly based 
on the presence of papilledema or radiologic evi-
dence of increased ICP. The diagnosis of elevated 
ICP via lumbar puncture is based on an elevated 
opening pressure. However, if the CSF is already 

leaking, this opening pressure will be unreliable. 
Accordingly, some surgeons monitor continu-
ously the CSF pressure following the surgical 
repair till it reaches a steady state [29, 30]. Other 
surgeons perform a separate lumbar puncture in 
the postoperative period to obtain a reliable open-
ing pressure reading. Soler and Schlosser [1] 
consider a patient to have elevated ICP if there 
are radiologic signs of increased ICP, especially 
an empty sella. Also, they suspect an obese 
patient to have elevated ICP, even if radiologic 
findings are normal.

Postoperatively, in patients with elevated ICP, 
it is critical to decrease this pressure with medi-
cal, nutritional, or surgical means. These patients 
should be referred to an ophthalmologist to assess 
and manage papilledema, if present. They should 
also be subjected to other measures to decrease 
the elevated ICP. The first of these measures is 
keeping them on long-term acetazolamide ther-
apy. As a carbonic anhydrase inhibitor, 
Acetazolamide reduces CSF production, thereby 
reduces CSF pressure. The usual dose of this 
drug is 500 twice a day [1, 27]. However, side 
effects such as numbness, paresthesias, altered 
taste, and lethargy have been associated with the 
use of this drug and can be problematic in some 
patients. The effect of other drugs on ICP has 
been investigated with variable results. Steroids 
have been used for IIH with demonstrated effi-
cacy. However, the symptoms typically recur fol-
lowing tapering of the dose, which combined 
with the possibility of weight gain in obese 
patients, makes this a less favorable treatment. 
Other medications with some reported benefit 
include furosemide, bendroflumethiazide, and 
topiramate; however, the mainstay of medical 
therapy in patients with IIH has been acetazol-
amide [27]. The second measure is weight loss. 
Soler and Schlosser [1] consider weight loss to be 
the most important medical treatment for 
IIH. Studies consistently report improvement in 
ICP following low calorie diets. Sinclair et  al. 
[31] in their cohort prospective study on 25 
women with IIH put on low calorie diet (425 Kcal/
day) for 3 months had a mean decrease in ICP of 
8  cm H2O.  Accordingly, weight loss via diet 
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modification and exercise is very much encour-
aged in this group of patients. Further, and as 
mentioned earlier in this chapter, CSF pressures 
were also found to be substantially reduced fol-
lowing bariatric surgery [15, 16]. Assessment of 
patients for the presence of OSA is another essen-
tial step. Because many of the patients with this 
disease are obese, OSA is another frequently 
encountered comorbidity, particularly in men. 
Fleischman et  al. [32] found in their study that 
patients with spontaneous CSF rhinorrhea were 
more likely than their nonspontaneous counter-
parts to have a diagnosis of OSA (30.0% 
vs.14.3%). It has been shown that during apneic 
episodes, the ICP rises transiently. This would 
aggravate the dural pulsations that predispose to 
spontaneous CSF leak. Although there is no con-
clusive evidence that suggests treating OSA 
reduces CSF pressures, observational studies 
have reported that nocturnal oxygenation 
improves the signs and symptoms of idiopathic 
intracranial hypertension in men. So patients 
with positive history and clinical picture of OSA 
should be referred for polysomnography and 
managed accordingly. At the present time, there 
is no evidence-based information in regard when 
it is safe to restart OSA patient on CPAP after 
surgical repair [26]. Fleischman et  al. [32] rec-
ommend cessation of CPAP during an active CSF 
leak, as well as for 6  weeks after repair, as it 
poses significant risk for breakdown of the repair 
site and development of pneumocephalus.

Permanent CSF diversion techniques such as 
lumboperitoneal or ventriculoperitoneal shunts 
may be considered in select patients with evi-
dence of elevated ICP. At this point in time, there 
is no definitive protocol to determine which 
patients require this procedure. Soler and 
Schlosser [1] suggested that permanent CSF 
diversion techniques may be considered in 
patients who have failed multiple technically 
adequate endoscopic repairs or developed new 
leaks at different sites. Chaaban et al. [27] mea-
sured the CSF pressure in their study patients 
after surgical repair on postoperative day 2 before 
and after administration of acetazolamide. Based 
on this study, they recommend permanent CSF 
diversion for patients with starting pressures 

>35  cm H2O, poor responses to acetazolamide 
(generally <10  cm H2O change and pressure 
remaining >25 cm H2O), and multiple skull base 
defects/CSF leak sites.
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Multidisciplinary Approach  
to CSF Leak

Katie Phillps, Peter H. Hwang, and Zara M. Patel

12.1  Multidisciplinary Approach 
to the Cerebrospinal 
Fluid Leak

Cerebrospinal fluid (CSF) rhinorrhea can have 
multiple possible etiologies. Broadly, CSF rhi-
norrhea is often classified into four categories: 
congenital, traumatic, neoplastic, or spontane-
ous. Based on the cause, presentation, location of 
the leak, and clinical status of the patient, a mul-
tidisciplinary team is often required for treatment 
and optimal long term success.

In today’s era of endoscopic approaches, surgi-
cal repair of an anterior skull base CSF leak is 
approximately 90% effective with long term 
 follow- up [1–4], yet there is a specific subgroup 
of patients that has a lower rate of success. In 
patients who have spontaneous CSF rhinorrhea, 
thought to be a sequela of idiopathic intracranial 
hypertension (IIH) [5], recurrence of CSF leak is 
more common. A wide range of recurrence rates 
(25–87%) has been published [6], although more 
recent series report recurrence rates at the lower 
end of this range (25–30%) [7, 8]. However, when 
patients with spontaneous CSF leak are treated by 
a multidisciplinary team in an effort to identify 

and treat the underlying increased  intracranial 
pressure, success rates of over 90% [9, 10] have 
been published, matching the success rates of 
repair for other etiologies of CSF leak.

IIH, previously referred to as benign intracra-
nial hypertension or pseudotumor cerebri, is an 
idiopathic disease process where the patient 
exhibits signs and symptoms of increased intra-
cranial pressure without evidence of an intracra-
nial lesion on imaging. The incidence is 
approximately one to three per 100,000 people 
and is most common in obese, middle-aged 
women [11]. Patients may report headache and 
visual disturbance or may have no symptoms 
other than spontaneous CSF rhinorrhea. When 
the leak site is repaired, some patients may then 
go on to develop symptoms as intracranial pres-
sure increases, as the pressure release of the leak 
site has been closed off [12, 13]. Described below 
are specific multidisciplinary teams that may be 
of use to patients with spontaneous CSF rhinor-
rhea thought to be secondary to increased intra-
cranial hypertension.

12.2  Otolaryngology/Head 
and Neck Surgery

Patients with spontaneous CSF rhinorrhea often 
present to or are referred most commonly to an 
otolaryngologist. These patients may present 
with a variety of complaints including rhinor-
rhea, nasal obstruction, post-nasal drip, taste 
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changes including a metallic or salty taste, pulsa-
tile tinnitus, headaches, balance problems, visual 
disturbance, or history of meningitis. The otolar-
yngologist must then obtain a comprehensive his-
tory and exam which includes an endoscopic 
nasal exam. If clinical suspicion for an anterior 
skull base CSF leak arises, a diagnostic work-up, 
as previously detailed in this book, includes 
establishing that the rhinorrhea is CSF via beta-2 
transferrin laboratory testing, imaging to detect 
the location of the leak, and further delineation of 
the etiology of the CSF leak. If there is no  obvious 
history of trauma, skull base mass, or concern for 
congenital etiology, then the diagnosis is often 
classified into the spontaneous CSF rhinorrhea 
category and further diagnostic work-up to con-
firm this presumed diagnosis is recommended.

Although thin cut CT is the best first imaging 
study to obtain to pinpoint the site of leak given 
the bony detail provided by CT, magnetic reso-
nance imaging (MRI) can then also be obtained if 
there is a need to further characterize the CSF 
leak as soft tissue is often better captured on 
MRI. MRI can be helpful to identify if there is 
brain parenchyma herniating through the skull 
base defect, to ascertain if CSF is in the nasal 
cavity, often using a fast spin-echo sequence with 
fat suppression and image reversal [14], and to 
look for radiographic findings which are com-
monly associated with IIH including empty 
expanded sella (Fig. 12.1) and encephaloceles in 
other locations. Likewise, CT can also identify 
other commonly associated IIH findings includ-
ing broadly attenuated skull base, arachnoid pits, 
and other skull base defects. Empty sella syn-
drome is highly correlated with IIH and can be 
associated with endocrine abnormalities which 
may warrant endocrine consultation [15]. If there 
is an intermittent leak and the site cannot be 
found by using the above imaging techniques, 
CT or MR cisternogram can be used as adjunct 
options to locate the precise site of leakage.

After a diagnostic work-up confirms an ante-
rior skull base CSF leak, endoscopic repair is 
indicated, using a variety of techniques described 
elsewhere in this book depending on the location 
of the leak. The decision for perioperative lumbar 
drain is currently debated in the literature. A sur-

vey in 2001 of the American Rhinologic Society 
found that approximately 67% of those surveyed 
said they used a perioperative lumbar drain when 
repairing anterior skull base CSF leaks [16]. In 
recent years, however, there has been a general 
shift in practice, trending away from the routine 
placement of lumbar drains. Those in favor high-
light the importance of perioperative lumbar 
drain for assistance in intraoperative localization 
of CSF leak especially in those with a question-
able diagnosis and keeping intracranial pressures 
low post-operatively to protect the integrity of the 
graft [12, 13]. However, risks associated with 
lumbar drains include infection, dislodgement, 
post-spinal headaches, pneumocephalus, brain-
stem herniation, and retained catheters. The 
added risks of lumbar drain placement, in combi-
nation with evidence showing that there is no dif-
ference in rate of recurrence whether or not a 
drain is used, are cited as reasons to discourage 
perioperative lumbar drain [17]. The authors of 
this chapter do not routinely place lumbar drains 
for repair of CSF leaks, unless there is a need for 
use of intraoperative intrathecal fluorescein to try 
and locate a leak which has failed to show itself 
on all above-mentioned imaging exams.

Patients with spontaneous CSF rhinorrhea 
were classically described as having normal 

Fig. 12.1 Sagittal inversion recovery MRI demonstrating 
a flattened pituitary gland commonly seen in patients with 
IIH. Provided by Mary Beth Cunnane, MD
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Fig. 12.2 Color fundus photo demonstrating bilateral disk edema. Provided by Edith Reshef, MD

intracranial pressure (ICP) [18]. However, further 
study of this population, particularly obese 
middle- aged women, has revealed that while 
these patients may have normal intracranial pres-
sure at the time of repair, they may actually have 
underlying IIH, revealed only post-operatively 
after the leak site has closed [13]. The hypothe-
sized mechanism relates to termination of the 
“pressure-valve” release effect of CSF leakage 
with surgical closure, followed by an increase in 
the pressure within the subarachnoid space, pos-
sibly leading to IIH symptomatology.

Follow-up is critically important after repair 
to both assess the graft site and to debride as nec-
essary to ensure appropriate healing while taking 
care to not disturb the repair. As time elapses 
after surgery, it then becomes necessary to moni-
tor for symptom recurrence, if rhinorrhea itself 
recurs, or if patients note new symptoms consis-
tent with IIH. This is often the time to obtain con-
sultations with other specialties depending on the 
clinical scenario. The authors preference is to 
obtain a pre-operative ophthalmology consulta-
tion if the patient reports visual changes recog-
nizing no evidence of IIH may be present in the 
setting of an active leak and visual changes may 

be a result of etiologies beyond IIH.  Post- 
operatively, the authors consider either referral to 
ophthalmology and neurology to assess for ele-
vated intracranial pressure (Fig.  12.2) or start 
patients on a trial of acetazolamide depending on 
the individual clinical scenario.

12.3  Neurosurgery

Patients with CSF rhinorrhea may also first pres-
ent to a neurosurgeon and should be worked up in 
a similar manner to the method previously 
described. The neurosurgeon may therefore be a 
co-surgeon with an otolaryngologist to primarily 
repair the anterior skull base CSF leak or may be 
involved in any potential perioperative lumbar 
drain placement and management, depending on 
the method and relationship at each specific insti-
tution, and who the patient was first referred to.

After repair, further treatment of IIH should 
be initiated if patients are noted to have periop-
erative increased intracranial pressure, develop 
recurrent symptoms consistent with IIH, or 
develop a secondary CSF leak either at the pri-
mary location or a secondary location along the 
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skull base. A trial of acetazolamide and weight 
loss should first be initiated, but if symptoms are 
refractory or severe, more invasive means may be 
trialed. Options include bariatric surgery to opti-
mize weight loss, serial lumbar punctures, cere-
brospinal fluid diversion, optic nerve sheath 
fenestration or decompression or venous sinus 
stenting. Which intervention is most appropriate 
to treat the patient is based on the presenting 
symptoms and clinical status of the patient and is 
best decided with a multidisciplinary discussion. 
A recent systematic review of surgical interven-
tions for IIH including optic nerve sheath fenes-
tration, cerebrospinal fluid diversion, and dural 
venous sinus stenting found similar visual out-
comes across all interventions and improved 
headache outcomes with cerebrospinal fluid 
diversions and endovascular stenting [19].

Cerebrospinal fluid diversion is most com-
monly done via a lumboperitoneal shunt (LPS) or 
a ventriculoperitoneal shunt (VPS). Multiple 
case series have found that visual and headache 
outcomes are similar for the two types of shunts, 
but that patients who receive the VPS have fewer 
complications and fewer revisions relative to the 
LPS group [19, 20]. The disadvantage of a VPS 
can be the technically challenging placement in 
an IIH patient due to the relatively smaller ven-
tricles and excessive abdominal fat. A lumbo-
pleural shunt is another variation of a CSF fluid 
diversion which has been described in the litera-
ture, although the safety profile, efficacy, and 
need for revision are not well understood [21]. 
Ultimately, the selection of CSF diversion tech-
nique is often dictated by the surgeon’s 
expertise.

Alternatively, a relatively new option for 
patients with IIH refractory to medical manage-
ment is placement of a venous sinus stent. It has 
been reported that 30–93% of IIH patients have a 
focal stenosis in their dural sinus outflow tract 
[22–24] (Fig.  12.3), therefore affording a focal 
site to target with an endovascular stent if the 
cerebral venous pressure gradient is >8 mmHg 
across the stenosis [25]. Stenosis often occurs in 
the lateral sinuses and upper sigmoid sinus and is 
thought to be caused by hypertrophied arachnoid 
granulations. Outcomes of venous sinus stent 

placement have been relatively positive, with 
improvement in papilledema noted in approxi-
mately 90% of patients, improvement in visual 
acuity in 78–85% of patients, and improvement 
in headaches in approximately 80% of patients 
[19, 25]. The reported major complication rate is 
low (1.5%) but includes subdural hematoma, 
subarachnoid hemorrhage, and intracerebral 
bleeding. Minor complication rate was 4.9% and 
included retroperitoneal hemorrhage, femoral 
pseudoaneurysm, neck hematoma, femoral vein 
thrombosis, and transient hearing loss. Overall 
treatment failure, defined as need to convert to 
another treatment modality was 2.4% [25]. After 
placement of stents, patients are treated with a 
dual-antiplatelet therapy including aspirin and 
clopidogrel over the next 3 months at minimum. 
Therefore pre-operative counseling regarding the 
bleeding risks associated with these medications 
is also necessary.

12.4  Neurology

Pre-operative consultation with the neurology 
service is recommended for any patient with 
spontaneous anterior skull base CSF leak who 

Fig. 12.3 Magnetic resonance venography (MRV) dem-
onstrating severe narrowing of the right transverse sinus 
common in patients with IIH.  Provided by Mary Beth 
Cunnane, MD
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reports other signs or symptoms consistent with 
IIH.  The neurologist, often in conjunction with 
the primary care doctor and the ophthalmologist, 
will provide long term follow-up for IIH patients 
and is crucial in determining when further treat-
ment and interventions are necessary.

Often patients are initially started on acetazol-
amide, a carbonic anhydrase inhibitor which is 
thought to decrease CSF production from the 
choroid plexus, thereby decreasing the intracra-
nial pressure. The most commonly reported side 
effects of acetazolamide therapy include myopia, 
paresthesia, loss of appetite, metabolic acidosis, 
and electrolyte imbalance [26]. It is therefore rec-
ommended that patients be monitored for adverse 
effects and have electrolyte levels checked peri-
odically. Prior groups have proposed either 
500  mg twice daily or once nightly of the sus-
tained release form of acetazolamide, although, 
notably, the dosage recommendations are not evi-
dence based [13]. The medication is purposely 
dosed at night to have the highest effect during 
REM sleep when the intracranial pressure is 
known to peak. A recent prospective trial of 
patients with recent CSF leak repair found that 
administration of acetazolamide significantly 
decreased intracranial pressure 21.9 + 7.5  cm 
H20 in the 4–6 h time frame after administration 
[27]. Although a recent Cochrane review of treat-
ment for IIH found there was not enough evi-
dence in the literature to support recommending 
acetazolamide for the treatment of IIH [28], acet-

azolamide is still considered by many to be the 
first-line medication treatment for IIH and is 
often the first step trialed in conjunction with 
weight loss before more invasive interventions 
are considered.

12.5  Ophthalmology

Patients with spontaneous CSF rhinorrhea may 
also present with visual disturbance. If patients 
report visual changes, pre-operative consultation 
with ophthalmology is recommended. 
Ophthalmology work-up may include perimetry, 
optical coherence tomography, ocular sonogra-
phy, or MRI.  Optical coherence tomography 
helps to characterize papilledema by evaluating 
the retinal nerve fiber layer thickness (Figs. 12.4, 
12.5, and 12.6). Ocular sonography is a non- 
invasive way to detect increased intracranial 
pressure by measuring the optic nerve sheath 
diameter. MRI is useful to assess whether neuro-
imaging ocular findings typically associated with 
IIH are present including prominent subarach-
noid space around the optic nerves, vertical tortu-
osity of the optic nerves, flattening of the posterior 
sclera, and enhancement of the intra-ocular optic 
nerve (Fig. 12.7). Likewise, after surgical repair 
of the CSF leak, follow-up with ophthalmology 
is warranted to follow the patient’s exam. In post- 
operative patients who have undergone leak 
repair but then report recurrence of pre-operative 

Fig. 12.4 Optic coherence tomography (OCT) cross section of the right optic nerve head demonstrating elevation of 
the nerve fiber layer. Provided by Edith Reshef, MD
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Fig. 12.5 Optic coherence tomography (OCT) cross section of the left optic nerve head demonstrating elevation of the 
nerve fiber layer. Provided by Edith Reshef, MD

symptoms or new symptoms, such as visual 
changes, headaches, pulsatile tinnitus or rhinor-
rhea, ophthalmology consultation is again useful 
to assess for papilledema as a non-invasive way 
to evaluate for return of increased intracranial 
pressure.

For patients who develop signs and symptoms 
consistent with IIH after repair of anterior skull 
base CSF leaks, further multidisciplinary consul-
tation and treatment is necessary. For patients 
with acute visual loss or severe visual disturbance 
despite medical therapy, optic nerve sheath fen-
estration or optic nerve decompression is then 
often recommended.

Optic nerve sheath fenestration aids in reduc-
ing CSF pressure exerted on the retrolaminar 
optic nerve with the purpose of preventing fur-
ther visual loss and possibly improving vision, 
decreasing intracranial pressure, and improving 
headache symptoms. Optic nerve sheath fenes-
tration is often done unilaterally, even if bilateral 
papilledema is present, to preclude the possible 
complication of bilateral blindness. Yet, despite 
unilateral surgery, improvements can be noted 
bilaterally. Various surgical approaches have 
been described, with the medial transconjunctival 
access being the most commonly used today. A 
recent meta-analysis found that in patients under-
going optic nerve sheath fenestration, visual acu-
ity improved in 59% of patients, vision stabilized 
in 95% of patients, visual fields improved in 68% 
of patients, papilledema improved in 80% of 

patients, and headache improved in 44% of 
patients. Minor complications, such as diplopia 
and anisocoria, occurred at a rate of 16.4%, while 
major complications, including central retinal 
artery occlusion, acute angle-closure glaucoma, 
infection and iatrogenic traumatic optic neuropa-
thy, occurred at a rate of 1.5% [29].

Alternatively, endoscopic endonasal optic 
nerve decompression without sheath fenestration 
has been proposed as a less invasive means to 
treat IIH patients with visual disturbance who 
have been refractory to medical management 
(Fig. 12.8). This procedure is done by a rhinolo-
gist. While visual and headache outcomes are 
less robust than with complete fenestration [30], 
the endonasal approach is less invasive. Relative 
to the medial transconjunctival approach, which 
involves disrupting the medial rectus muscle, the 
endoscopic endonasal approach has less morbid-
ity. Thus, some have proposed endonasal optic 
nerve decompression as an initial procedure to 
assess if symptoms can be ameliorated. If symp-
toms progress or do not improve after a decom-
pression, the patient can then move forward with 
the optic nerve sheath fenestration. The mecha-
nism regarding how the optic nerve decompres-
sion without the sheath fenestration assists in 
decreasing intracranial pressure is not completely 
understood. More research is needed before the 
endoscopic endonasal orbital nerve decompres-
sion is included in the standard treatment proto-
col for patients with IIH.
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Fig. 12.6 Retinal nerve fiber layer (RNFL) analysis by OCT demonstrating increased RNFL thickness due to edema. 
Provided by Edith Reshef, MD

12.6  Bariatric Surgery

Patients with spontaneous anterior skull base CSF 
leaks who meet the criteria for IIH may ultimately 
be best served with bariatric surgery, although 
they must first have their CSF leak repaired and 

undergo conservative treatment for IIH before 
bariatric surgery should be considered. The etiol-
ogy of IIH is not well understood, but obesity is a 
well-known associated factor and is thought to be 
part of the underlying pathophysiology of the dis-
ease. Bariatric surgery has been shown to have 
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Fig. 12.7 Axial T2 weighted MRI demonstrating fatten-
ing of the posterior globes and prominence of CSF in the 
optic nerve sheaths commonly seen in patients 
IIH. Provided by Mary Beth Cunnane, MD

Fig. 12.8 Optic nerve decompression which shows a left 
orbit and optic nerve decompression highlighting the 
sella, annulus of zinn, optic nerve, and exposure of perior-
bital and orbital fat

significant and long lasting weight loss effects 
which have benefits in many disease processes. 
Patients with IIH who undergo bariatric surgery 
have a 20–35% weight reduction at 2–3 years of 
follow-up and maintain 14–37% greater weight 

loss relative to non-surgical controls who have 
pursued lifestyle modifications [31].

In a review of multiple cases series of patients 
with IIH who underwent bariatric surgery, 92% 
had resolution of pre-operative symptoms, and 
97% had resolution of papilledema, 92% had 
improvement in visual field deficits, with the 
remaining 8% reporting stabilization of their 
visual fields [32]. Another systematic review of 
IIH patients who underwent bariatric surgery 
found that the post-operative lumbar pressure 
opening pressure decreased by an average of 
18.9  cm H2O along with improvement in pre- 
operative symptoms [33]. Bariatric surgery com-
plications include nutritional deficiencies as well 
as a myriad of possible abdominal and bowel 
complications, which should be discussed with 
the patient prior to making the decision to pro-
ceed with bariatric surgery.

12.7  Endocrine

In patients with IIH, an empty sella turcica with 
an associated flattening of the pituitary gland is 
radiographically present in 70% of patients [34], 
although not all of these patients will have endo-
crine abnormalities. The most common 
endocrine- related complaints include menstrual 
irregularities, galactorrhea, hirsutism, and steril-
ity. For patients with radiographic findings of an 
empty sella and endocrine-associated symptoms, 
further work-up of the hypothalamic pituitary 
adrenal axis is warranted. Endocrine consultation 
with accurate dynamic hormone testing to iden-
tify hormonal deficiencies is necessary, both for 
precise diagnosis and treatment in the form of 
hormone replacement. This constellation of 
imaging findings, symptoms, and hormonal 
imbalance constitutes primary empty sella syn-
drome [15].

For patients with IIH and primary empty sella 
syndrome, weight loss is advocated and has 
shown to be effective in improving symptoms 
[35]. If patients do require hormone replacement 
and are candidates for bariatric surgery, there 
should be a pre-operative discussion between the 
endocrinologist, the bariatric surgeon, and a 
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nutritionist, as the risk of malabsorption syn-
drome after bariatric surgery can pose risks to 
adequate hormone replacement [15]. If the risks 
of malabsorption are too high or could not be tol-
erated, other means of treating IIH should be 
considered.

12.8  Sleep Medicine

As already mentioned above, obesity is an asso-
ciated factor in spontaneous anterior skull base 
CSF leaks from IIH, and therefore these patients 
are also at risk for obstructive sleep apnea (OSA) 
[36]. Patients with OSA are typically treated with 
continuous positive airway pressure (CPAP), 
which can lead to a dilemma post-operatively 
regarding whether CPAP should be used. The 
advantage of using CPAP includes avoiding 
hypoxic nocturnal episodes, which can them-
selves lead to further elevation of intracranial 
pressure that exerts more pressure on the graft 
site. Alternatively, withholding CPAP prevents 
possible positive pressure-induced pneumoceph-
alus, disruption of the graft site, and potential 
meningitis. An additional consideration is 
whether or not the patient has received post- 
operative nasal packing, which may impede the 
effectiveness of CPAP.

Surgeons of the North American Skull Base 
Society were surveyed regarding when they 
would recommend resuming CPAP to their 
patients after skull base repair. In the presence 
of a CSF leak and repair, the mean duration for 
resumption of CPAP was 14.3 days for small 
leaks and 20.7 days for larger leaks [37]. 
Researches at the University of Pittsburg 
Medical Center reported outcomes in their skull 
base surgical patients with and without OSA 
and found that patients with OSA were more 
likely to require oxygen post-operatively when 
their CPAP was held, yet there was no signifi-
cant increase in risk of serious respiratory com-
plications despite the post-operative hypoxemia. 
However, when patients who did not carry a for-
mal OSA diagnosis but were suspected to have 
OSA were examined, it was found that this 

group of patients did have an increased risk for 
serious respiratory complications. This effect 
was attributed to a lack of attentiveness in regard 
to these patients’ respiratory status post-opera-
tively, given the lack of OSA diagnosis [38]. 
Conversely, when 17,777 patients who under-
went transsphenoidal pituitary surgery were 
examined, it was found that patients with OSA 
had increased risk of hypoxemia and subsequent 
tracheostomy, but were not at increased risk for 
other complications [39].

Given the potential risks for using CPAP 
immediately post-operatively, there seems to be a 
general consensus to hold CPAP in the immedi-
ate post-operative setting but there is not clear 
evidence regarding when the optimal time to 
restart a patient’s CPAP would be to reduce seri-
ous respiratory complications and prevent further 
increased intracranial pressure exacerbation. 
Currently there is a paucity of evidence to pro-
vide guidance in these issues and contemporary 
practice is often dictated by surgeon experience 
and local practice patterns.

12.9  Conclusion

Anterior skull base CSF leak repair often has a 
high success rate when treating patients with 
traumatic, congenital, or neoplastic CSF leaks. 
When repairing patients with spontaneous CSF 
leaks, the success rates were historically lower 
as the underlying etiology of these leaks was not 
yet recognized. With the recognition that spon-
taneous skull base CSF leaks are due to the idio-
pathic intracranial hypertension disease process, 
and with a multidisciplinary approach to treat-
ment, success rates are now similar to the other 
etiologies of skull base CSF leak (Fig.  12.9). 
The coordination of otolaryngologists, neurolo-
gists, neurosurgeons, ophthalmologists, endo-
crinologists, bariatric surgeons, and sleep 
physicians, along with the primary care physi-
cian, provides a multifaceted approach to help 
these complex patients achieve improved out-
comes in vision, headache, quality of life, and 
skull base repair.
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Fig. 12.9 Algorithm for multidisciplinary approach to an anterior skull base CSF leak
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History of Surgical Approaches 
and Techniques for Skull Base 
Reconstruction

Mario Turri-Zanoni, Giorgio Sileo, 
and Iacopo Dallan

13.1  Historical Background

Endonasal surgery dates back to the times of 
Hippocrates, who described different methods to 
remove nasal polyps such as the “sponge method” 
and, for larger ones, by fashioning a loop around 
the base of the polyps and removing them through 
the nasopharynx; afterwards the nasal cavities 
were filled with stents soaked with oil, honey, 
and copper powder [1]. In 1806, Bozzini was the 
first to report the use of a primitive light conduct-
ing device to examine the nasal cavities and in 
1879 Nitze-Lieter developed a light-carrying cys-
toscope, the forerunner of all modern rigid endo-
scopes, which was then modified and used a year 

later by Zaufal to visualize the Eustachian tube 
orifice [1]. Hirschmann performed in 1902 the 
endoscopic evaluation of the maxillary sinus, 
while the evaluation of the ethmoid sinuses was 
described a year later and it is considered to be 
the first case of endoscopic sinus surgery for 
chronic inflammation [2]. In 1912, Mosher 
described the open intranasal ethmoidectomy 
and, a few years later, he wrote about it: “It has 
been said that the ethmoidal operation is the easi-
est in surgery. So, it is to the operator who lacks a 
surgical conscience. Theoretically, the operation 
is easy, in practice it has proved to be one of the 
easiest operations with which to kill a patient” 
[3]. This emphasizes the rudimentary state of 
endonasal surgery at that time.

Similarly, the concept to separate the intracra-
nial compartment from the nasal cavities was 
introduced only in the past century. In 1926 
Walter Dandy performed one of the first success-
ful surgical closures of a cerebrospinal fluid 
(CSF) leak through a frontal craniotomy and, 
some years later, in 1941, he described his tran-
scranial approach to orbital tumors, the first 
report of surgery for anterior skull base tumors 
[4]. A few years later, Dohlman et al. reported an 
extracranial approach (naso-orbital incision) to 
close an ethmoidal roof defect using a nasoseptal 
mucosa flap [5], whereas in 1952 Hirsch firstly 
used an exclusive endonasal approach 
(transseptal- transsphenoidal) for skull base 
reconstruction at the sphenoid sinus level, 
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employing a mucosal perichondrial flap har-
vested from the nasal septum [6].

Reports of endoscopic surgery seemed to fade 
in favor of open procedures because of problems 
with illumination and instrumentation, until 
1950s when Hopkins’s rod lens system was 
developed. Since its introduction and first appli-
cations by Messerklinger in the 1970s, endonasal 
endoscopic surgery has spread all over the world, 
thanks to the contribution of pioneering surgeons 
such as Stammberger, Wigand, Kennedy, Draf, 
Lund, and others; although, in that years, skull 
base surgery was still performed by external tran-
scranial approaches. Gradually, the endoscopic 
techniques, initially used only for chronic inflam-
matory disease of the sinuses, were adapted and 
expanded for other pathologies affecting the 
paranasal sinuses and skull base, firstly non- 
neoplastic conditions.

In the early 1980s, Wigand et  al. dealt with 
minor CSF leaks encountered during endoscopic 
ethmoidectomies [7]. Ten years later, Mattox 
et  al. were the first to describe an endoscopic 
management of CSF leaks and encephalocele; 
afterwards, Lanza et  al. demonstrated that the 
endoscopic endonasal approach might be safe 
and effective: indeed, between 1991 and 1995, 
they performed endoscopic reconstruction of 
skull base defects in 36 patients, with a success 
rate of 94.4% [8, 9].

The increasing ability to repair the skull base 
defect through an endoscopic endonasal approach 
represented a step forward, deeply inspiring sur-
geons in an effort to manage skull base tumors in a 
minimally invasive way. Initially, the endoscopic 
management of intranasal and skull base neo-
plasms was confined to benign small lesions. In 
1992, Waitz et  al. proved that, even with large 
lesions, a successful and safe endoscopic removal 
of inverted papillomas was feasible: they reported 
on a series of 51 patients, 35 of which were treated 
endoscopically, whereas 16 underwent an extrana-
sal approach [10]. Likewise, treatment of fibro-
osseous lesions has been described [11]. In the 
same years, endoscopic trans-sphenoidal 
approaches for the management of pituitary tumors 
were also developed, besides angled endoscopes 
allowed a more thorough inspection of the sella 

[12, 13]. With endoscopic techniques, the integrity 
of the facial skeleton is maintained and external 
incisions are avoided, although concerns persisted 
regarding the oncological safety when performing 
endoscopic cancers removal. Some years later, in 
the late 1990s, few pioneering authors postulated, 
in carefully selected cases, the possibility of endo-
scopic endonasal management of malignant tumors 
of the sinonasal tract. The dogma of “en bloc” 
resection [14, 15] was gradually put aside and 
replaced with the concept of “disassembling” of 
the tumor: between 1989 and 1999 Stammberger 
et  al. treated 43 patients with skull base tumors 
endoscopically, reaching overall control rates simi-
lar to those obtained with external approaches [16]. 
In the same years, May et al. introduced the four-
hands surgical technique, which enabled to per-
form expanded endonasal approaches by using 
more surgical instruments in a single nasal cavity 
with the cooperation of two working surgeons [17]. 
In this regard, pioneering case-series demonstrated 
the feasibility of endoscopic accessibility even to 
remote regions of the skull base, thus allowing pos-
sible endoscopic treatment of relatively large skull 
base tumors [14].

Increasing with experience in endoscopic sur-
gery, it appeared clear that the efficacy of any sur-
gical skull base procedure was directly 
determined by the ability to repair the possible 
resulting skull base defect, which has been a 
major challenge over the past decades. While 
reconstruction procedures in craniofacial surgery 
were already consolidated, including pericranial 
flaps and galeal-pericranial flaps, which have 
received the widest consent, the endoscopic 
endonasal skull base reconstruction techniques 
have been developed in recent years. Early endo-
scopic endonasal reconstructive techniques were 
based on experience with the repair of defects 
following spontaneous CSF leaks and those 
resulting from accidental or iatrogenic trauma. 
Over time, multiple reports have validated that 
small skull base defects can be reconstructed via 
endoscopic endonasal surgery using a wide vari-
ety of free grafting techniques, with a success 
rate of 96% [18].

The simplest reconstruction technique, which 
was described for managing small defects of the 
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olfactory cleft, was the overlay technique. In this 
case, the recipient site should be stripped of its 
mucosal layer in the area to be covered by a graft, 
which is usually either mucoperichondrial or 
mucoperiosteal harvested from the ipsilateral or 
contralateral nasal cavity, put in place with the 
mucosa side facing the nasal cavity [18]. If used, 
fibrin glue is placed along the graft margins but, 
preferably, not under it. Afterwards, the underlay 
technique has been introduced, where the graft is 
placed between the dura and the bone of the skull 
base, and it is recommended to create the under-
lay graft larger than the dural defect to compen-
sate for shrinking of the graft during healing [18]. 
The combination of underlay and overlay grafts 
in association with intracranial intradural grafts 
represents the multilayer technique: in this case, 
it is recommended not to bury any nasal mucosa 
under the graft or flap in order to avoid the forma-
tion of mucocele. The basic principle of multilay-
ered reconstruction is to re-establish the single 
tissue barriers. The technique usually involves 
the application of three layers: the first is usually 
made up of autologous fascia (iliotibial tract or 
temporal fascia) or dural substitutes, placed 
intracranially intradurally, to serve as a guide for 
fibroblast migration; it must be one-third larger 
than the dural defect; the second intracranial- 
extradural layer guarantees the plasty with 
greater stability; the third layer, extracranial- 
intranasal (overlay), facilitates the sealing capac-
ity of the plasty by guiding the repair mechanisms 
of the nasal mucosa [19]. This latter layer can be 
made of fascia or free mucosal grafts harvested 
from nasal septum or turbinate. Healing and re- 
epithelization is much more rapid when muco-
periosteum is used as a third layer (overlay), 
rather than fascia lata, which can sometimes 
become necrotic even after 1 or 2 months. The 
“fat plug” technique is a variant of the multilayer 
technique in which a fat lobule is used as intra-
cranial intradural graft, it was described for the 
first time by Wormald et al: they introduced a fat 
plug with a vicryl suture into the intradural space, 
thus sealing successfully the skull base defect in 
six patients [20].

Despite the advances obtained, in the early 
2000s, when dealing with large skull base defects 

produced by expanded endonasal approaches, 
especially when placed in the middle or posterior 
cranial base, the reconstruction still represented a 
challenge because of the size of the defects, the 
lack of supporting structures, and the effects of 
gravity. The introduction in 2006 of the nasosep-
tal flap by Hadad and Bassagasteguy (HBF) has 
completely revolutionized the surgery in this field 
[21]. The flap is supplied by posterior nasoseptal 
arteries and can be designed according to the size 
and shape of the anticipated defect, although it is 
best to overestimate the size and then trim the flap 
if needed. The HBF had a profound impact on the 
advancement and acceptance of expanded endo-
nasal approaches because the incidence of post-
surgical CSF leaks dramatically decreased to 
<5%, thus allowing further expansion of endo-
scopic skull base procedures. The HBF has 
become a mainstay reconstructive option after 
expanded endonasal approaches due to its versa-
tility, wide arc of rotation, generous size, and rela-
tive ease of harvesting. After that, many other 
pedicled vascularized flaps have been developed 
for the reconstruction of skull base defects result-
ing from endoscopic expanded approaches, with a 
further decrease in cerebrospinal fluid leak inci-
dence, even when dealing with middle and poste-
rior skull base defects. Figure  13.1 shows the 
evolution of the skull base reconstruction tech-
niques from the beginning of the nineteenth cen-
tury to the introduction of the HBF.

A recent refinement of the multilayer repair 
was the introduction of the “Gasket-seal closure” 
technique in 2008, which represented a practical 
and effective method to manage skull base defects 
placed at the sphenoethmoidal-planum and clivus 
level (middle and posterior cranial fossae), where 
dural undermining is more risky due to the prox-
imity of neurovascular structures such as cranial 
nerves, carotid artery and basilar tip [22]. Leng 
et  al. described this technique in treating 10 
patients and none of them showed postoperative 
CSF leakage after 12 months of follow-up [22]. 
This method provides a really watertight closure 
because the graft is placed on the dural defect and 
its central portion is pushed inside the defect, 
using shaped fragment of septal or conchal carti-
lage, which is fixed beyond the dural border to 
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1926 − W. Dandy:
closure of CSFL
through frontal

craniotomy

1963 − A. S. Ketcham:
Combined intracranial

facial approach

1952 − O. Hirsch
exclusive endonasal
approach for SBR

1990 − M. May:
Two-handed technique

1959 − H. Hopkins
Rod lens endoscope

1999 − H. Stammberger:
endoscopic management

of malignant tumours

1992 − G. Waitz:
endoscopic sinus

surgery for inverted
papilloma

2006 − G. Haded:
pedicled nasoseptal

flap

Fig. 13.1 Evolution of the skull base reconstruction techniques from the beginning of nineteenth century to date

seal the closure [22]. The combined use of a gas-
ket-seal closure and a vascularized pedicle naso-
septal flap multilayered reconstruction technique 
for high-flow cerebrospinal fluid leaks after endo-
nasal endoscopic skull base surgery represented a 
further step forward in minimizing postoperative 
CSF leak rates and improving mucosal healing of 
the nasal cavities after surgery [23]. Nowadays, 
the progressive refinements in surgical instrumen-
tation, the increasing surgical experience, and 
confidence demonstrated that endoscopic surgery 
is an effective and reliable treatment for the man-
agement of skull base defects.

13.2  Evolution of Materials 
and Techniques for Skull 
Base Repair

The materials used for the repair of skull base 
defects are different and there has been an evolu-
tion of the heterologous or autologous tissues 
which have been employed over the years. The 

process of wound healing after dura repair using 
a degradable transplant is believed to occur by 
endogenous tissue (fibroblast migration from 
dura borders) replacing the graft, resulting ulti-
mately in a thick scar. Collagen grafts are 
extremely effective in this context. Non- 
degradable materials, however, cannot be 
replaced by endogenous tissue due to their resis-
tance against enzymatic and cellular processes; 
when they are biocompatible, they become cov-
ered with a thin layer of tissue during the healing 
process [24]. This is why it is stated that the ideal 
material for duraplasty should be:

• autologous, in order to avoid all potential risks 
of heterogeneous grafts;

• free of biological hazards in order to avoid 
HIV infection, hepatitis, and other transmitta-
ble diseases;

• able to facilitate fibroblastic migration and 
connective tissue deposition;

• capable of guaranteeing a good cost- 
effectiveness ratio.

M. Turri-Zanoni et al.
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13.2.1  Heterologous Materials

Synthetic materials, like Gore-Tex® patches, are 
episodically mentioned in literature. However, 
contact with brain surface or other neurologically 
sensitive structures should be strictly avoided. 
Other materials, such as bovine or human lyophi-
lized dura, have been used in the past, but since 
there has been evidence of prion-associated dis-
eases, they should no longer be used in routine 
[25]. Collagen membrane made of bovine 
(Achilles) tendon (DuraGen®—Integra Life 
Sciences, Plainsboro, NJ) has to be combined 
with other modalities of reconstruction because it 
lacks sufficient strength to provide a watertight 
seal. In 2005, Kassam et al. described a technique 
that involves a first layer of DuraGen, placed sub-
durally through the dural defect, a second layer 
of acellular dermis (Alloderm; Life-Cell 
Corporation, Branchburg, NJ) external to the 
dura, then fat graft stabilized with fibrin glue and 
a balloon stent [26]. Another option is Biodesign® 
(Cook Biomedical, West Lafayette, IN), a resorb-
able biomaterial derived from the extracellular 
matrix of porcine small intestine submucosa: 
Illing et al. in 2013 reported its effective and safe 
use for skull base reconstruction in 155 patients, 
obtaining a success rate of 100% after 77 weeks 
of follow-up [27].

13.2.2  Autologous Grafts

• Fascia lata or iliotibial tract, a much- preferred 
autologous grafting material with good heal-
ing properties. It is easy to harvest and large 
grafts can be obtained. It can be used in asso-
ciation with other grafts, whether free or pedi-
cled. In 2017, Mattavelli et  al. reported an 
overall CSF leak rate of 5.8% in 186 patients 
who underwent a three-layer reconstruction 
with iliotibial tract after transnasal craniec-
tomy [19]. According to the authors it is a fea-
sible, reproducible, and safe option for 
reconstruction of anterior skull base defects, 

especially when vascularized flaps are not 
available [19]. Figure 13.2 shows the harvest-
ing of fascia lata and its placing to cover a 
skull base defect in a multilayer fashion.

• Fascia temporalis, it is easier to harvest but is 
thinner and weaker than the fascia lata, and 
only smaller grafts can be obtained.

• Mucoperiosteum/mucoperichondrium, har-
vested from septum or turbinates.

• Cartilage, it can be harvested from the nasal 
septum, the ear concha, or tragus, but in experi-
mental studies performed by Schick et  al. in 
2003, no evidence of cellular migration was 
found into its surface [24]. For this reason, 
according to Draf et al., in case of use of carti-
lage graft it is recommendable to leave addi-
tional perichondrium or periostium attached to 
it in order to allow cellular migration [28].

• Bone, it can be harvested from the nasal sep-
tum or turbinates, but it can be dislocated or 
even extruded, especially after radiotherapy.

• Fat, it can be used as an obliteration material, 
possibly in combination with fascia, in cases 
of hypo-pneumatized sinuses. Some further 
applications are to stabilize the overlay graft 
or, taken in small pieces, as “cushion-like 
device” between grafts in the multilayer 
duraplasty.

13.2.3  Pedicled Flaps

• Hadad-Bassagasteguy Flap (HBF): is a vascu-
lar pedicle flap supplied by the nasoseptal artery, 
which arises from the posterior nasal artery, one 
of the terminal branches of the maxillary artery 
[21]. The posterior nasoseptal arteries supply 
the entire length of the nasal septum and anasto-
mose with the ethmoidal arteries superiorly, the 
greater palatine artery inferiorly, and the ante-
rior facial artery anteriorly. This rich vascular 
pedicle ensures versatility, wide arc of rotation, 
generous size, and relative ease of harvesting; 
therefore, it has become a mainstay reconstruc-
tive option after expanded endonasal 
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a b

c d

Fig. 13.2 Materials used for skull base reconstruction. Fascia lata (a), synthetic dural substitute (b), Hadad- 
Bassagasteguy flap in right nasal fossa (c), pericranial flap (d)

approaches. Its introduction has led to a signifi-
cant decrease in post- surgical cerebrospinal 
fluid leaks (<5%), thus allowing the expansion 
of endoscopic skull base procedures [29]. In 
2006, Hadad et al. made a retrospective review 
of 43 patients underwent endonasal skull base 
surgery and reconstruction with this flap: no 
infectious or wound complications were noticed 
and only two patients (5%) had cerebrospinal 
fluid leaks [21]. This pedicled flap is recom-
mended for reconstruction of large dural defects 
of the anterior, middle, clival, and parasellar 
skull base [21]. If the anticipated defect is large 
and a single unilateral flap would inadequately 
close it, a bilateral nasoseptal flap can be used: 
when planum sphenoidale, sella, cavernous 
sinus, and clivus are opened in patients with 
well pneumatized sphenoid sinus a contralateral 
flap is designed to complement the first flap and 
cover the defect. This flap is called the “Janus 

flap” because, once in place, it looks like the 
two heads of the Roman god Janus [30].

• Posterior Pedicle Inferior Turbinate Flap 
(PPITF): In 2007, Fortes et  al. developed a 
flap of the inferior turbinate mucoperiosteum 
pedicled on the inferior turbinate artery, which 
was used to treat four patients who had under-
gone an extended endonasal approach [31]. It 
has a good arch of rotation and it is based on 
the inferior turbinate artery, a terminal branch 
of the postero-lateral nasal artery, which is a 
terminal branch of the sphenopalatine artery. 
It represents a reliable alternative for the 
reconstruction of moderate size skull base 
defects of the posterior fossa and clivus, espe-
cially in patients with prior posterior septec-
tomy or wide sphenoidotomies [31].

• Posterior-Pedicled Middle Turbinate Flap 
(PPMTF). Described by Prevedello et  al. in 
2009 in six fresh cadaveric heads, the PPMTF 
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was able to cover defect of the planum and 
fovea ethmoidalis with a mean surface area of 
5.6  cm2 [32]. Two years later, Simal et  al. 
reported adequate reconstruction in a series of 
ten cases who underwent endonasal endo-
scopic approach [33]. The PPMTF is suitable 
for the reconstruction of small defects after 
sellar, transtuberculum/transplanum, or uni-
lateral transcribriform approaches. Its blood 
supply is mainly provided by the middle turbi-
nate branch of the sphenopalatine artery that 
runs through the posterior attachment and 
constitutes its pedicle [32]. It can be challeng-
ing to harvest because of the anatomical varia-
tions of the middle turbinate that can be found 
in 25% of patients [34].

• Septal Flip Flap (SFF): In 2016, Battaglia 
et  al. described in four patients the use of a 
flap from the contralateral nasal septum based 
on the septal branches of the anterior and pos-
terior ethmoidal arteries, obtaining successful 
skull base reconstruction in all cases without 
intra- or postoperative complications. 
Moreover, postoperative nasal crusting was 
significantly reduced with faster healing of the 
surgical cavity [35]. Three years later, Bozkurt 
et  al. noticed no flap loss or necrosis in 24 
patients who underwent skull base reconstruc-
tion with septal flip-flap following resection of 
sinonasal cancers [36]. Their retrospective 
review showed that the SFF can be easily har-
vested and, thanks to its rich blood supply, 
allows rapid healing over a previously irradi-
ated wound bed [36].

• Temporo-Parietal Fascia Flap (TPFF). The 
transpterygoid transposition of the TPFF into the 
nasal cavity through a temporal- infratemporal 
soft tissue tunnel and a transpterygoid window 
was firstly described by Fortes et  al. in 2007 
[37]. The flap was used successfully for the 
reconstruction of large skull base defects in two 
patients who had undergone preoperative radio-
therapy [37]. The TPFF is thin and pliable and 
because of its large surface area (17 × 14 cm) it 
can be used for the reconstruction of several 
defects including intraoral defects, oronasal fis-
tulas, and large defects of the anterior, middle, 
clival, and parasellar skull base, particularly in 

patients with a history of posterior septectomy or 
previous radiotherapy. It is a pedicled flap based 
on the anterior branch of the superficial temporal 
artery, which is one of the terminal branches of 
the external carotid artery. According to Bolzoni-
Villaret et al. when local flaps are not available, 
for oncologic reasons or previous surgery, the 
TPFF provides healthy and well-vascularized 
tissue to protect critical structures or irradiated 
denuded bone [38].

• Trans-Frontal Pericranial and Galeopericra-
nial Flap: Since the introduction of craniofa-
cial surgery in 1963 by Ketcham et  al., the 
galeopericranial flap was widely used for 
anterior cranial base reconstruction [39]. 
Between 1987 and 1997, Cantù et  al. per-
formed 168 craniofacial resections using the 
pedicled pericranial flap as a reconstruction 
because it is adaptable, thin, and easily to har-
vest [40]. The pericranial flap was moved into 
the cranium and sutured to six small holes 
made on the bone edges, two in the residual 
sphenoid roof and four laterally in the orbital 
roofs [40]. Pericranial and galeopericranial 
flaps are based on the supraorbital and supra-
trochlear arteries, which yield a very large sur-
face area [41]. Their use after endoscopic 
skull base procedures requires the introduc-
tion of the externally harvested flap into the 
nasal cavities through a bony window at the 
nasion. Castelnuovo et  al. described a case 
series of 18 patients submitted to combined 
cranio-endoscopic resection of sinonasal can-
cers, where the pericranial flap harvested from 
a transcranial approach was successfully used 
to reconstruct the skull base decfect [42]. The 
pericranial flap can be harvested via a stan-
dard coronal incision or using an endoscopic 
assisted technique. In 2009 Zanation et  al. 
demonstrated the feasibility of an endoscopic 
harvesting of the pericranial flap for endonasal 
skull base reconstruction: this flap was firstly 
used in cadaveric models, then applied in a 
79-year-old female who had undergone endo-
scopic skull base and dural resection of an 
esthesioneuroblastoma [43]. The patients had 
an excellent healing and no evidence of post-
operative cerebrospinal fluid leak [43].
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• Oliver Pedicled Palatal Flap (OPPF): In 
2009, Oliver et al. investigated the feasibility 
in cadaveric models of novel modifications of 
the known island palatal flap, including the 
release of the descending palatine vessels 
(DPV) and transposition of the flap into the 
nasal cavity, to allow for pedicled reconstruc-
tion of skull base defects after endoscopic 
endonasal approaches [44]. The OPPF is an 
excellent alternative when previous expanded 
endonasal approaches and/or open skull base 
surgical procedures have eliminated all other 
reconstructive options [44]. Differently from 
the HBF, the OPFF can be harvested and 
transposed into the nasal cavity after the surgi-
cal resection [44]. A potential complication is 
the possibility of oronasal fistula which can be 
avoided by preserving the nasal floor mucosa 
overlying the palatal defect.

13.2.4  Free Revascularized Flaps

In case of large and multi-compartmental defects 
of the skull base, involving multiple cranial fossa 
or after previous treatment such as surgery or 
radiotherapy, the previously described surgical 
techniques including grafts and pedicled flaps are 
not able to obtain a watertight skull base closure 
[45]. In such cases, free revascularized flaps 
should be harvested. Once the pedicle is isolated 
and cut, it is transferred at a distance and revascu-
larized with micro-anastomosis of the pedicle 
with the receiver site. The facial, superficial tem-
poral, and external carotid arteries are the prefer-
able recipient arteries, whereas the primary 
recipient veins are usually the external jugular 
and facial veins [45]. They can be fascia-muscle- 
cutaneous, generally employed for soft tissue 
reconstruction, such as the radial forearm flap, 
the anterolateral thigh (ALT) flap, the latissimus 
dorsi flap, and the rectus abdominis myocutane-
ous (RAM) flap. Otherwise, they can be osteo- 
muscle- cutaneous, generally for combined bone 
reconstruction, like the fibular flap, the scapular 
flap, and the iliac crest flap. In 2016, Cherubino 
et  al. published a retrospective review of ten 
patients, affected by locally advanced malignant 

tumor, who underwent cranio-orbital reconstruc-
tion using a chimeric ALT flap [46]. After a mean 
follow-up of 12.4 months, three patients died of 
the disease, two were alive with disease, while 
five patients (50%) were currently alive without 
evidence of disease. Only one ALT flap had a 
serious venous congestion that occurred 48 h 
postoperatively and required surgical revision, 
the other flaps survived without any partial or 
total necrosis. No complications, such as postop-
erative CSF leaks and infections, were observed 
in this cohort, thus demonstrating that the chime-
ric ALT flap is reliable and adequate for a patient- 
tailored three-dimensional reconstruction and 
able to resist to the postoperative adjuvant treat-
ments [46].

13.3  Future Directions

Endoscopic endonasal skull base reconstruction 
has been demonstrated to be an effective, safe, 
and reliable approach in most cases of skull base 
defects, regardless of the size of the defect 
(Fig. 13.3) [47].

One of the main liabilities of the endoscopic 
technique, however, in contrast with microscopic 
procedures, is the lack of binocular vision and 
consequently of third dimension that is the rea-
son why surgeons seek sensorial and tactile feed-
back during manipulation of instruments by 
constantly moving the scopes in and out or from 
side to side. Recently introduced HD stereo-
scopes produce a three-dimensional (3-D) image 
of the surgical field, with natural binocular ability 
to perceive depth, volume, and distance accu-
rately. Castelnuovo et al. compared the 3D tech-
nology with the high definition 2D scopes in four 
patients who underwent endoscopic endonasal 
skull base reconstruction [48]. The 3D endo-
scopic skull base reconstruction obtained pri-
mary closure without complications in all cases 
and, according to the subjective opinion of such 
experienced endosurgeons, improved depth per-
ception, distance and size estimation, ability to 
identify specific anatomic structures, and hand–
eye coordination. The main drawbacks detected 
were inferior sharpness, contrast, and lighting 
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Fig. 13.3 Indications for skull base reconstruction. 
Olfactory cleft CSF leak: MRI T2 signal of the fluid com-
ponent (a) and suppression of CSF signal in T2-FLAIR 
sequence (d), both highlighted by a yellow ring. Sphenoid 
sinus lateral recess CSF leak: MRI T2 signal of the fluid 
component (b) and suppression of CSF signal in 

T2-FLAIR sequence (e). Transclival ecchordosis phys-
aliphora in a 40-year-old female: the bony skull base 
defect is visible at the upper clivus in preoperative CT 
scan (c) and it is confirmed by MRI T2 where a signal of 
the fluid component is present (f)

that impaired the application of the technique in 
narrow sinonasal spaces [48].

Another open issue is represented by the 
working area and surgical volumes related to 
endoscopic endonasal surgery. At present, 
because of the straightness and rigidness of the 
instruments, the surgeon has to remove important 
structures such as nasal septum, turbinates, and 
others in order to obtain an adequate visualiza-
tion of the surgical field. A forthcoming techno-
logical development of endoscopic skull base 
surgery will be the introduction of flexible endo-
scopes and instruments to perform more mini-
mally invasive procedures, allowing fewer 
traumas to the nose and paranasal sinuses, mini-
mizing such postoperative sinonasal problems. In 
2015, Schuler et al. described a preclinical pio-
neering cadaveric evaluation of the Flex© System, 
a computer-assisted flexible endoscope that cov-
ers a three-dimensional working space and has a 

flexibility of 180°, thus improving visualization 
of the surgical field [49].

A future technology that might be applied to 
endoscopic skull base surgery will be the use of 
virtual augmented reality (AR) combined with 
image guidance systems, which may have many 
interesting implications, such as to locate, 
through a virtual-reality environment, the lesion 
and its adjacent structures.

Robot-assisted surgery is continuing to 
advance in multiple specialties and the instru-
mentations are improving day after day. The 
reported benefits of robotic surgery are excellent 
three-dimensional visualization and the ability to 
accomplish two-handed surgery through small 
incisions or openings. In 2007, O’Malley et  al. 
performed preclinical experiments using the Da 
Vinci Surgical System, developing a new 
cervical- transoral robotic surgery (c-TORS) 
approach which proved to ensure access the 
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Fig. 13.4 The modified 
Scott’s parabola shows 
how refinements of 
current techniques and 
newly developed 
techniques create a new 
standard of treatment

nasopharynx, clivus, sphenoid, pituitary sella, 
and suprasellar anterior fossa [50]. Such advances 
may be applied also to skull base reconstruction 
in the next future.

The dynamic role of a given surgical technique 
has been theorized in an elegant way by Scott et al. 
who developed a parabola that describes the rise 
and fall of a new surgical technique [51]. Figure 13.4 
depicts a modified Scott’s parabola, showing how 
refinements of current techniques and newly devel-
oped techniques are gradually acknowledged and 
create a new standard of treatment. When applying 
the concept of Scott’s parabola to endoscopic skull 
base reconstruction techniques, we can expect 
promising evolutions within the foreseeable future, 
given that limits of endoscopic skull base surgery 
have not yet been set.
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Operative Room Set-Up 
and Instrumentation

Revadi Govindaraju, Bing Zhou, 
and Narayanan Prepageran

14.1  Introduction

The surgical repair procedure of cerebrospinal 
fluid (CSF) leaks varies according to the site or 
sites of leak, size of defect, presence of menin-
goencephalocele, and other factors such as pre-
vious repair done and the type of reconstruction 
of skull base defect required. In cases where the 
site of leak is not identified preoperatively and to 
improve localization intraoperatively, intrathecal 
injection of fluorescein may be performed in the 
operative room prior to repair [1–3]. In addition 
to this, co-morbidity or predisposing factor such 
as Idiopathic intracranial hypertension (IIH) may 
necessitate lumbar puncture/drain for diagnostic 
or therapeutic purposes performed in the opera-
tive room [4]. This procedure is not limited to 
patients with IIH since there are surgeons who 
routinely place lumbar drain in all cases and oth-
ers who use it only on select cases of high flow 
leaks, large skull base defects, or revision cases 
[3, 5]. Image guidance surgery appears to be use-
ful in particular for complicated cases to locate 

the defect confidently and as a teaching tool for 
trainees [6, 7].

In order to accommodate the various require-
ments, the operative room should be equipped 
sufficiently and set up for an efficient workflow.

14.2  Operative Room Set-Up 
and Manpower

The operative room set-up should be tailored 
according to the operating preference of the 
surgeon. In our institution, the usual set-up is 
for the anesthetic working console and person-
nel to be at the foot end of the table. The camera 
system and the monitor are at the head end of 
table, slightly off-centered to the left of patient 
(Fig. 14.1a). In a standard two-handed single sur-
geon endoscopic procedure as seen in Fig. 14.1b, 
the surgeon stands on the patient’s right and the 
nursing staff and instrument table on the same or 
opposite side. If the case is more complex and is 
performed utilizing a four-handed technique, it is 
performed in a brain suite (Fig. 14.1c). The main 
surgeon stands on the right of patient and sec-
ond surgeon on the opposite side. The brain suite 
is fully equipped with image guidance system, 
wall mounted imaging viewer, and connected to 
an  magnetic resonance imaging (MRI) facility 
in the adjoining room to facilitate intraoperative 
MRI if required (Fig. 14.1d).

For a simple repair procedure, the single sur-
geon may require an assistant surgeon/trainee who 
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a b

c d

Fig. 14.1 Operative room set-up overview. (a) Anesthetic 
working console and personnel at the foot end of table; 
monitor and camera system console placed in front of the 
surgeons, (b) surgeon position in a two-handed technique, 

and (c) the positioning of surgeons in 4-handed technique. 
(d) Image guidance system; both monitor and camera 
array  are suspended from the  ceiling allowing ease and 
flexibility for adjustments

Fig. 14.2 Face draping done leaving the nose exposed 
and reference frame of image guidance system in trans-
parent sterile draping

performs suctioning intraoperatively when cautery 
is used, for graft harvesting and to assist in setting 
up  the image guidance system. A scrub nurse, a 
runner, and a general attendant may be sufficient 
to assist the surgery. In a more complex repair pro-
cedure, the requirement for nursing staff increases 
as the injection of intrathecal injection or lumbar 
puncture/drain procedure may run concurrently as 
the preparation for the actual surgery is going on.

14.3  Patient Position

The standard head position used in our institution 
is a neutral position with a slight extension secured 
with either a 3-point fixation or using soft gel pil-
low; the head may be turned slightly towards the 
surgeon (Fig. 14.2). The head position however, 
may vary based on the surgeon preference. Some 
surgeons alter the degree of flexion or extension 

depending on the site of the defect; a neutral posi-
tion when approaching sphenoid sinus but a more 
hyperextended position may be assumed for ante-
rior locations [8].
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Reverse Trendelenburg position (RTP) in 20° 
tilt allows for surgery to be carried out with good 
visualisation of the anterior skull base [8]. This 
position  has also been shown to  reduced blood 
loss in functional endoscopic sinus surgery (FESS) 
without compromising surgical technique [9].

The use of angled endoscopes may offer addi-
tional benefit for leak sites in a more anterior 
location, e.g., adjacent to the frontal recess or 
when an angled view is necessary [8]. The oper-
ating table should also be able to provide ade-
quate tilt in other directions, especially in a case 
when head-down position (Trendelenburg posi-
tion) is required to ensure intrathecal injection 
has received distribution to the site of leak [1, 7].

14.4  Image Guidance System 
(IGS)

The use of neuronavigational system have 
become indispensable in any skull base surgery. 
The system incorporates a computer worksta-
tion, tracking system, surgical instruments, data 
transfer hardware and software [10]. The set-up 
and available space of the operative room should 
take into account the requirements of the specific 
system, its advantages, and disadvantages/limita-
tions.

Some of the earlier systems are big and will 
need a separate tower to place them next to the 
endoscopic/video equipment stack. Monitors 
suspended from ceiling or wall mounted moni-
tors are other options for space constraints. More 
recently, the physical attributes of the system have 
become smaller with monitors incorporating both 
endoscopic images and preoperative imaging that 
it can even fit into an office-setting (e.g., Fusion 
Compact by Medtronic, Jacksonville, FL) [11].

The type of tracking system used is also vital 
in designing the operative room set-up. The opti-
cal tracking systems require that the line-of-sight 
be maintained between  the instrument tracker 
and the  camera array. Conversely, the electro-
magnetic navigation system avoids the need 
for that but uses instruments with copper coils 
attached to it to detect the changes of electromag-
netic (EM) field from an EM emitter attached to 

the operating table. Each system affects the way 
a surgeon stands and holds the  instruments to 
avoid disruption of the tracking. To avoid this, 
newer products have been introduced that uses 
flat EM field generators that can be placed under 
the patient’s head (TruDi and StealthStation IGS 
platforms). Other technological advancements 
include the development of microsensors incor-
porated into navigation suction instruments that 
is not affected by bending of the instruments. 
These malleable instruments have been recently 
offered by Fiagon ENT Navigation (Fiagon AG 
Medical Technologies), Stryker TGS Navigation 
System (Stryker), and TruDi Navigation [10].

Apart from the physical consideration and 
physics of the system, the computer workstation 
should be able to run the operating system used 
(e.g., Microsoft/LINUX) [11]. Triplanar imaging 
in neuronavigational surgery using hybrid or fused 
images of both computed tomography (CT) and 
MRI are technological features to be sought for in 
the newer IGS systems for better characterization 
of any skull base defect with herniated intracra-
nial content [11]. The CT would give details of the 
bony defect and the MRI allows delineation of the 
herniation content to avoid undue complications 
such as injury to the vessel and brain.

14.5  Prepping and Draping

Once registration for image guidance is completed 
and lumbar drain or intrathecal injection have been 
performed as required, the patient is returned to 
supine position for skin prepping and draping. The 
choice of face prepping is variable, but in our insti-
tution normal saline alone has been the practice, 
with no adverse effect of surgical site infection 
observed. The donor site for graft is usually the 
abdomen or thigh: both need separate prepping 
with povidone-iodine and surgery is  conducted 
with instruments separate from the nasal cavity to 
avoid surgical site infection. Surgeons who prefer 
fat/cartilage graft from the ear alternatively will 
need similar prepping with povidone-iodine and 
surgical site draped separately. Chlorhexidine is 
best avoided for ear as there have been reports of 
ototoxicity and also ocular toxicity [12]. Practices 
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vary and there are surgeons who use chlorhexi-
dine for abdomen and thigh and povidone-iodine 
solution for face and nostrils [13]. Finally, sterile 
draping for the face is performed leaving the nose 
exposed and the reference frame of IGS covered 
by a transparent sterile drape to allow the camera 
to detect the light-emitting diodes (Fig. 14.2).

14.6  Surgical Instruments, 
Devices, and Biomaterials

Surgery for spontaneous CSF leaks would gen-
erally involve standard endoscopic sinus surgery 
(ESS) steps for access. The extent of surgery is 
dictated by the site of leak. A leak from the crib-
riform plate or lateral lamella would require a 
complete ethmoidectomy, with or without middle 
turbinectomy. Sphenoid sinus leaks are trickier in 
particular if it occurs at the sphenoid sinus lat-
eral recess; in such cases approaches vary from 
trans-pterygoid, transnasal transsphenoidal and 
trans-ethmoidal approaches to access the site of 
the leak. Intraoperative iatrogenic cause of CSF 
leaks would require less exploration of the nasal 
cavity and the paranasal sinus.

A general ESS set is therefore essential to 
assist in the repair with the addition of bone 
rongeurs, drills/burs for bony removal in trans- 
pterygoid and transsphenoidal approaches.

Hopkins rigid endoscope in various angles 
should be available, though the most valu-
able would be the 0°endoscope. Technological 
advancement has seen further improvements in 
sinus visualization with the availability of endo-
scopes with mobile prisms allowing the surgeon 
to choose variable angles between 15 and 90°. 
This is also coupled with recent advancement in 
high definition cameras such as Olympus Viscera 
system [14]. Availability of such resources 
would enhance a surgical experience.

14.6.1  Special Dissectors 
(Intracranial Intradural)

Special dissectors or probes are useful to gently 
elevate mucosa around the defect in the cribri-

form plate or lateral lamella which can be eas-
ily fractured. In case of a meningoencephalocele, 
special dissectors, e.g., Rhoton microdissec-
tor set (Codman, Johnson & Johnson company, 
Raynham, MA) can also be used to palpate and 
delineate the bony defect (Fig.  14.3a–c). Once 
the dural herniation is reduced, angled probes can 
be used to palpate beneath the defect to elevate 
the dura if extradural graft placement is required 
(Fig. 14.3d). When the underlying bone is more 
solid or in the instance of thick scarred tissue 
superficial to site of defect as seen in Fig. 14.4a, 
b, a microcurette would also do the trick to 
expose the bare bone around the defect.

14.6.2  Electrocautery Devices

The conventional electrocautery used is the bipo-
lar as the skull base defect is at the interface 
between the brain and nose. A straight bipo-
lar cautery is useful to reduce the herniation of 
a meningoencephalocele if the lesion is in the 
medial or paramedian position but if the pathol-
ogy is more laterally placed such as in the sphe-
noid sinus lateral recess, the use of a more angled 
cautery will be less frustrating. Insulated mono-
polar cautery with or without suction or with tips 
straight or bent are tools best reserved for hemo-
stasis when creating access or for elevation of 
local flaps. It should not be directly used at the 
site of skull base defect (Fig. 14.5).

14.6.3  Other Instruments Used 
for Removal of Encephalocele

Encephaloceles have also been successfully 
removed using other instruments such as 
Coblator, which uses radiofrequency coblation 
technology [2, 7]. Herniated dura or encephalo-
cele may also be resected carefully with thru-cut 
forceps [3]. This is preferably done after ensuring 
dural or encephalocele vessels have been cauter-
ized to avoid intracranial hemorrhage [7]. Most 
surgeons suggest the use of the bipolar cautery to 
remove the last portion or the base of the enceph-
alocele in combination with other devices [2, 3].
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a b

c d

Fig. 14.3 In a repair of (a) sphenoid sinus lateral recess 
meningoencephalocele, (b, c) an elevator from the micro-
dissector set (inset shows a close-up image) is used to pal-
pate and delineate the bony defect in the recess and (d) 

subsequently after reduction of the herniation, 40° angled 
probe (inset shows a close-up image) is used to palpate 
around the defect

a b

Fig. 14.4 (a) In the case of a CSF leak with surrounding scarred tissue, (b) a microcurette is used to dissect the scarred 
tissue and expose the bare bone surrounding it
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a b

c d

Fig. 14.5 Electrocautery used for reduction of the herni-
ated meningoencephalocele. (a) A standard straight bipo-
lar cautery instrument is used when the 
meningoencephalocele is easily accessible and allows a 
complete reduction of the herniated content (b). (c) An 

angled bipolar cautery is used to cauterize a small bleed-
ing vessel in a sphenoid sinus lateral recess meningoen-
cephalocele post-reduction. (d) Images (from left to right) 
of suction monopolar cautery’s of different lengths, 
angled bipolar cautery, and a straight bipolar cautery

14.6.4  Special Graft Positioning 
Instruments/Seekers

Graft placement into the defect can be performed 
using sinus ostium seekers or double ended ball 
probes (Fig. 14.6a, b). These probes allow small 

amount of fat to be pushed in each time into the 
defect. Similarly, the special dissectors would 
also serve the same function for graft positioning 
(Fig. 14.6c, d). For larger defects, some surgeon 
prefers olive-tipped antral suction probe (without 
suction attached) or straight curette [15].
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a b

c d

Fig. 14.6 Sinus ostium seeker used to position (a) hemo-
stats, e.g., Surgicel and (b) fat graft into the skull base 
defect causing the CSF leak. Special microdissector used 

in neurosurgery is used similar to a sinus ostium seeker 
for positioning of (c) fat graft and (d) fascia lata

14.6.5  Set-up of the Suction During 
or After Positioning 
of the Reconstructive Material

Post-graft placement, the assessment of a water-
tight seal requires suctioning to clear the fluid 
around the grafts. In our institution, small square 
neuro patties (1/2″ × 1/2″, Codman, Johnson & 

Johnson Company, Raynham, MA) are placed as 
a protective layer when suctioning is used during 
and after graft placements (Fig. 14.7a, b) with-
out having to set the suction pressure to a lower 
level. Neuro-patties are also useful as adjunct 
to gauge the defect size of an encephalocele by 
using it to reduce the herniation intracranially 
(Fig. 14.7c, d).
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a b

c d

Fig. 14.7 Neuro patty may serve various functions. (a, b) 
Neuro patty is used to protect the graft from being suc-
tioned out as the area is cleared of fluid before Valsalva is 
performed to check for a watertight seal. (c, d) Suction 

catheter over a neuro patty gently pushing the herniation; 
this will allow the surgeon to check the reducibility of the 
herniation without traumatizing the mucosa and at the 
same time delineate the bony defect

14.6.6  Sealants, Hemostatic Agents, 
and Nasal Packing

Fibrin sealants activate coagulation cascades and 
are useful to improve the graft adhesion to the 
defect edges. The commercially available sealant 
comes in various forms, preparation, and delivery 
system, e.g., DuraSeal (COVIDIEN, Bedford, 
MA), TISSEEL (Baxter Int Inc.), and Evicel 
(Johnson & Johnson Corporation) (Fig.  14.8a) 
The grafts can also be further supported by other 
absorbable and non-absorbable materials.

Commonly used absorbable hemostatic 
agents include oxidized cellulose polymer (e.g., 

Surgicel) (Fig.  14.8b), gelatin foams (e.g., 
Gelfoam) (Fig. 14.8c), and synthetic biodegrad-
able foams (NasoPore, Stryker) [16].

In some cases, the grafts are further rein-
forced with non-absorbable nasal packing 
such as polyvinyl acetate foams (Merocel, 
MEDTRONIC, XOMED, Jacksonville, FL), 
carboxymethylcellulose- coated fabric tampons 
(RAPID-RHINO, Smith & Nephew), or simple 
materials consisting of Vaseline-soaked gauze 
or even Foley’s catheter (Fig. 14.8d). In selected 
cases of frontal recess CSF leak repairs, glove fin-
gers with Merocel within or silicone stents would 
help maintain patency of the outflow tract [7, 17].
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a b

c d

Fig. 14.8 Final stages of repair of CSF leak. (a) Tissue 
sealant such as TISSEEL is applied over the graft. 
Subsequent layers may involve more hemostats such as 

(b) surgicel and (c) gelfoam. (d) Foleys catheter balloon is 
inflated adjacent to the repair site in some cases of large 
defect with CSF leak

14.7  Conclusion

The basis of a surgical repair of CSF leak is com-
mon across the techniques described and utilized. 
However, along with technical variations present, 
there are myriads of instruments, devices, and 
biomaterials available at the surgeons’ disposal 
to choose from to perform the procedure.
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Role of the Anesthesiologist

Alexandre B. Todeschini, Marco Echeverria-Villalobos, 
and Sergio D. Bergese

15.1  Introduction

There is evidence of primitive anesthetic proce-
dures from pre-Colombian South America sug-
gesting that coca leaves were chewed and placed 
in the wounds for numbing the area. This is one 
of the earliest evidence of anesthesia recorded. 
Its real advances, however, were developed in 
the late nineteenth and twentieth century [1]. 
Neurosurgery was born even earlier before any 
evidence of anesthetic procedures was produced 
by mankind. Anthropological specimens with 
successful trephinations date back to the Neo-
lithic period. It was born to treat the damage 
sustained in fights, disputes, and wars when men 
realized that a blow to the head could quickly 
bring down an opponent or to alleviate spiritual 
ailments [2, 3].

Despite its ancient roots, modern neurosurgery 
would only develop after two important advances: 

infection control and anesthesiology. Anesthesia 
meant that surgeons no longer required heavy 
restraints on the patient during surgery and could 
perform the procedure slower and more carefully, 
and it allowed patients to undergo surgery with-
out pain [1]. Both specialties grew and changed 
considerably, with new anesthetic agents and new 
surgical techniques. The contribution of proper 
anesthesia to the development of neurosurgery 
cannot be overstated. The pain and discomfort 
that were once considered necessary and noble 
in a patient’s convalescence are now treated and 
prevented in patient-centered care, which led to 
improvements in patient outcome and satisfac-
tion [1, 2].

15.2  The Need 
for Neuro-anesthesiologists

The collaboration between anesthesia and neuro-
surgery benefited both specialties and, slowly, the 
field of neuro-anesthesia emerged, as the specific 
requirements of neurosurgery were not fully met 
by the anesthesia used during general surgical 
procedures [4]. Despite the specific requirements 
and expertise involved, the Society of Neurosci-
ence Anesthesia and Critical Care would only be 
founded in 1972 and still today there is opposi-
tion to the idea of every neurosurgical case, such 
as a CSF leak, requiring a neuro- anesthesiologist 
[5, 6]. The idea that specialized training is needed 
for anesthesia in neurosurgical cases is not new. 
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Harvey William Cushing (April 8, 1869–October 
7, 1939), oftentimes referred to as the Father of 
American Neurosurgery, also had remarkable 
contributions to anesthesia such as introducing 
the concept of anesthesia induction (using ethyl 
chloride), the introduction of the first anesthe-
sia records (which he called “ether charts”), the 
monitoring of blood pressure and precordial aus-
cultation (heart monitoring). Lastly, he was also 
the first to have a neuro- anesthesiologist working 
with him [2, 7].

“The Chief,” recognizing the need for care-
ful and expert management of the patient under 
anesthesia, was the first to have the same ether-
izer working with him constantly. His colleague, 
Dr. Samuel Griffith Davis, can be called the first 
neuro-anesthesiologist [7]. Dr. Cushing himself 
explained thoroughly the need for an expert in 
1909: “In cranial operations in particular, not 
only because of the cramped field and the need 
of a covering for the anesthetist, but also because 
the cardio-respiratory centers in the medulla 
are often already embarrassed through pres-
sure, anesthetization by an expert is absolutely 
essential.” He goes further to praise Dr. Griffith 
Davis: “It is due entirely to his skill that in over 
three hundred cranial operations there has been 
a complete absence of the calamities usually 
assigned to anesthesia” [8]. These considerations 
by Dr. Cushing still apply today. There may be 
situations when a neuro-anesthesiologist will not 
be available and a general anesthesiologist can 
be in charge of these cases, but it is preferable 
to always perform this complex type of surgery 
under the experienced and expert gaze of a neuro-
anesthesiologist.

15.3  Antibiotics Administration

The risk of postoperative meningitis after endo-
nasal skull base surgery varies between 0.3% and 
7%. Antibiotics are often used to decrease this 
already small risk because of the serious sequelae 
this infection may cause, therefore avoiding a 
single case brings significant benefit, despite the 
risk of selecting more resistant strains [9, 10].

The ideal prophylactic antibiotic regimen is 
still debated, regarding both the drugs to be used 
and the optimal duration. Antibiotics should 
have no or few and only mild side-effects, low 
cost, and broad-spectrum. The duration of use is 
also debated [10]. In 1991, Carrau et al. analyz-
ing skull base surgeries concluded that infection 
rates were lowest when antibiotics were used for 
24–48 h after surgery when compared to shorter 
than 24 h duration or longer than 48 h [11]. Other 
studies, analyzing more aggressive antibiotic reg-
imens, suggested that patients should receive IV 
prophylactic antibiotics until discharge and oral 
antibiotics until nasal packing is removed. The 
guidelines vary among institutions [10].

At our institution, we routinely conduct screen-
ing cultures of a nasal swab preoperatively. If the 
nasal screening is negative or positive only for 
methicillin-susceptible Staphylococcus aureus 
(MSSA) Cefepime 2 g IV before incision and a 
new dose every 4 h (2 g) is used. If the nasal screen-
ing is pending or positive for methicillin- resistant 
Staphylococcus aureus (MRSA), Vancomycin 1.5 
g IV before incision and a new dose every 12 h (1 
g) are also given. After surgery, Cefepime IV 2 g 
every 8 h is administered at least during the ini-
tial 24 h after the end of surgery. Patients then are 
advanced to PO cefuroxime or sulfamethoxazole-
trimethoprim until nasal packing is removed, usu-
ally as an outpatient procedure.

The use of PO antibiotics, while the nasal 
packing is in place, is necessary to avoid the pro-
liferation of Staphylococcus aureus and the pos-
sible occurrence of toxic shock syndrome (TSS), 
described by Todd et al. in 1978 [12]. This syn-
drome is characterized by elevated hyperthermia, 
headache, confusion, conjunctival hyperemia, 
cutaneous rash, vomiting and diarrhea, and oli-
guria, eventually leading to refractory shock. 
Laboratory findings include acute renal failure, 
elevated liver enzymes and failure, and dissemi-
nated intravascular coagulation [13]. The high 
morbidity and mortality associated with this syn-
drome warrants prevention while nasal packing is 
in place, a significant risk factor first described by 
Thomas et al. and corroborated by other studies 
[13–15].
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Despite the variation in drugs and durations, 
taking into account the serious sequelae menin-
gitis and TSS may cause, it is reasonable to use 
antibiotics for every skull base case. Our insti-
tutional protocol, outlined above, has been met 
with success and a low infection rate (according 
to in-house analysis, unpublished data).

15.4  Intracranial Hypertension

Understanding the origin of a skull base defect 
is paramount for successful correction. In spon-
taneous (i.e., non-traumatic or postoperative) 
defects, there is strong evidence suggesting that 
it is associated with idiopathic intracranial hyper-
tension (IIH) [9, 16–18]. IIH is frequently asso-
ciated with female sex and obesity (body mass 
index >30 kg/m2). Patients frequently have either 
direct evidence of IIH (opening pressure higher 
than 15 cmH2O measured through a lumbar tap) 
or indirect imaging signs (encephalocele, empty 
sella, enlarged Meckel’s cave, and increased CSF 
in the optic nerve sheaths) [18].

CSF rhinorrhea may be a “physiological” 
way for the body to control the elevated pres-
sure by creating an opening in an area where the 
cranial vault is thinner. Once this “escape valve” 
is closed during surgery, pressure can build pro-
gressively. Controlling elevated ICP should be a 
part of the management in these cases. Options to 
be considered include acetazolamide (a diuretic 
which inhibits carbonic anhydrase and reduces 
CSF production), shunt diversion procedures 
(ventriculo- or lumbar-peritoneal shunts), and 
weight loss. There is no consensus regarding the 
management of ICP in the treatment of CSF rhi-
norrhea. However, different studies have shown 
that controlling ICP significantly increases suc-
cess rates of CSF leak correction when com-
pared to cases with no postoperative control of 
ICP [9, 18].

At our institution, 24–36 h after repair sur-
gery to correct the leak, a spinal tap is performed 
to measure opening pressure. If it is elevated, a 
CSF diversion procedure is scheduled (usually, a 
lumbar- peritoneal shunt).

15.5  Obesity and OSA

The association of CSF leaks and obesity may 
create further challenges for the anesthesiologist. 
Obesity is associated with an increased incidence 
of hypertension, diabetes, cardiovascular dis-
ease, obstructive sleep apnea (OSA), and obesity 
hypoventilation syndrome (OHS). Different issues 
may interfere with the management of the obese 
patient, from mask ventilation to postoperative 
care [19]. Excess body fat is usually associated 
with a reduction in chest wall and total lung com-
pliance, creating a restrictive defect [20]. Airway 
management can be treacherous in obese patients. 
Detailed reviews of such management have been 
published [21–23]. To summarize, the obese 
patient, particularly if morbidly obese (body mass 
index >40 k/m2), should be pre-oxygenated in a 
sitting position to increase tolerance to apnea dur-
ing muscle paralysis [24]. Induction of anesthesia 
should be performed in the head elevated laryn-
goscopy position (HELP) to facilitate ventilation 
and intubation. The “ramped” position, which is 
similar to the HELP, can also improve the view 
during laryngoscopy when compared to the stan-
dard position [25]. Both these steps may be chal-
lenging and should be done by an experienced 
anesthesia care provider, assisted by a second per-
son (preferably an anesthesiologist) accustomed 
with difficult airway management and with the 
necessary tools for the management of any com-
plications readily available [19].

The presence of OSA, which is frequently 
associated with obesity, further complicates 
management. OSA patients have an increased 
incidence of systemic hypertension (from sym-
pathetic activation), pulmonary hypertension, 
and right and left ventricle hypertrophy. These 
comorbidities lead to more complications, par-
ticularly involving respiration and intubation 
(difficult intubation and ventilation, unexpected 
reintubation, ICU admissions) [19, 26]. In endo-
scopic endonasal approaches, particularly those 
with dural opening such as a CSF rhinorrhea 
repair, the use of continuous postoperative air-
way pressure (CPAP) is not recommended for at 
least 7 days. Special attention to these patients is 
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required after surgery to allow early intervention 
in the case of respiratory depression and need for 
assisted ventilation [27].

15.6  Blood Pressure Management 
During Surgery

Providing adequate cerebral perfusion pressure 
(CPP) and cerebral blood flow (CBF) is the most 
important objective of neuro-anesthesia, which 
are intimately related to blood pressure. It is 
important to understand the regulation of CPP 
and CBF in a healthy brain and how pathological 
states, anesthetic agents and the opening of the 
cranial vault can influence this relationship [28].

Permissive (alternatively called controlled or 
induced) hypotension is a decrease of 20–30% 
from the baseline mean arterial pressure. It has 
been used in neurosurgery to help reduce intra-
operative blood loss and improve visualization 
during surgery. However, these benefits have not 
been proven, particularly in endoscopic endona-
sal approaches (EEA), where significant bleed-
ing is not common. The potential risks related to 
this practice include cerebral ischemia and greater 
retraction injury from impaired blood flow, inade-
quate hemostasis and rebleeding after the surgery, 
cardiovascular complications, and renal dysfunc-
tion [29]. Considering these factors, anesthesi-
ologists advocate a normotensive state or only a 
mild hypotension (15% reduction from baseline) 
should be used during EEAs, avoiding mean arte-
rial pressure (MAP) below 60–65 mmHg [30]. 
Maintaining MAP during EEA above 70 mmHg 
during the entire procedure should be the objective 
during an EEA, and bleeding is usually controlled 
locally with minimal difficulty [29, 30].

15.7  Valsalva Maneuver

This maneuver was described by the Italian 
anatomist Antonio Maria Valsalva (1666–1723) 
to force out from the middle ear foreign bodies 

or pus [31]. In an awake patient, it is achieved 
by asking him while sitting to exhale against a 
resistance (closed mouth, glottis, or hand) to 
increase intrathoracic pressure to 40 mmHg for 
15–20 s followed by sudden release and return to 
normal breathing. Under general anesthesia and 
endotracheal intubation, it can be performed by 
transferring ventilation to manual mode, closing 
the adjustable pressure-limiting valve, and com-
pressing the breathing circuit bag for 15–20 s to 
elevate the intrathoracic pressure to the desired 
levels (40–45 mmHg). Before this procedure, the 
anesthesia care provider must ensure adequate 
depth of anesthesia or neuromuscular blockade to 
prevent patient effort against the forced ventila-
tion. It decreases venous return to the heart lead-
ing to engorgement of cerebral veins, reducing 
CPP and CBF, and increased intracranial pres-
sure (ICP) [32–34].

The Valsalva maneuver is used to identify the 
CSF leaks during the early stages of the proce-
dure and to locate possible bleeding points that 
could become active with patient activity after 
emergence from anesthesia [33]. It can lead to 
complications that both the anesthesiologist and 
the surgeon must be attentive to before, during, 
and after the maneuver (after intrathoracic pres-
sure has returned to normal). Some of these com-
plications are: decrease in the MAP and possible 
ischemic complications, rupture of intracranial 
aneurysms, increment in intraocular pressure, 
macular or retinal hemorrhages, recurrence of 
a CSF leak from displacement of the skull base 
reconstruction, and a possible vacuum-effect 
at the end of the maneuver, from the egress of 
CSF during and normalization of ICP, leading to 
trapped pneumocephalus [32].

The Valsalva maneuver is useful to identify 
the exact location (or locations) of the skull 
base defect during surgery before reconstruc-
tion is completed. Its use after can displace the 
reconstruction and cause the defect to open again 
before the end of the procedure or if it is not 
noticed by the surgical team, it can lead to a per-
sistent postoperative CSF leak [32, 33].
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15.8  Emergence from Anesthesia

Early postoperative complications during the 
emergence period can have serious effects 
and may require re-intervention and can cause 
permanent sequelae or death. The role of the 
anesthesiologist is key to prevent these compli-
cations [35]. During the emergence period after 
the end of surgery, the anesthesiologist should 
minimize coughing, hypertension, hypoxia, and 
hypercapnia, which can lead to hemorrhage, 
cerebral edema, and elevated ICP [36]. A fresh 
reconstruction of the skull base to correct a CSF 
leak is put under stress in these conditions and 
can fail.

Hypertension, a consequence of sympathetic 
stimulation with an increase in circulating cate-
cholamine and oxygen consumption, is a risk fac-
tor for hemorrhage, causing a recrudescence of 
bleeding from loosely coagulated vessels at lower 
pressures. Control of hemodynamic changes is 
always required at the end of a neurosurgical 
procedure. A prophylactic infusion of esmolol 
can be considered if the likelihood of a hyperten-
sive episode is high. During the emergence, the 
anesthesia care provider should always have an 
antihypertensive agent (labetalol, urapidil, nicar-
dipine, clevidipine) available at this stage, should 
it be needed [36–39].

Intracranial hypertension peaks can also be 
minimized by careful emergence procedures. 
Tracheal stimulation is a well-documented cause 
of increases in ICP, coughing, and cerebral hyper-
emia. The use of lidocaine in the laryngotracheal 
mucosa (instilled in the endotracheal tube) mini-
mizes the physiological responses to this stimu-
lus and its complications [36].

The anesthesiologist also has to be attentive 
to other important factors for a smooth emer-
gence. Hypothermia should be avoided with air 
warming blankets to prevent shivering, which 
increases oxygen consumption and ICP. Pain pre-
vention should begin in the operating room and 
extend into the postoperative care [36].

15.9  Postoperative Care

After the procedure, the patient is extubated 
in the operating room and transferred to the 
post- anesthesia care unit (PACU) where close 
neurological and hemodynamic monitoring is 
maintained usually in a 2:1 patient-to-nurse 
ratio. Once fully awake, usually after 2–3 h the 
patient can be transferred to a postoperative unit 
[40]. Headache is the main complaint after sur-
gery and should be managed with narcotics or 
non- steroidal anti-inflammatory medications. 
Postoperative nausea and vomiting (PONV) can 
affect up to 40% of patients, mainly women and 
non-smokers, leading to a peak in ICP from the 
retching effort that could undo the recent recon-
struction. No specific guideline for PONV pro-
phylaxis or treatment in EEA or rhinorrhea repair 
is available but we recommend its routine use, 
particularly in non-smokers and women who 
are more susceptible to it [36, 41]. Retching and 
vomiting lead to peaks of ICP and blood pres-
sure and a decrease in cerebral perfusion. A triple 
therapy prophylaxis is recommended to avoid 
this common complication. Some of the drugs 
that may be used are dexamethasone, prometha-
zine, ondansetron, and aprepitant [42].

If any signs of complications arise in the 
PACU, the patient should be reassessed by the 
neurosurgical and anesthesia team to decide 
the proper course, which may include imaging 
exams, return to the operating room or intensive 
care unit (ICU) monitoring [40].

Not every patient needs to be monitored in 
ICU after surgery. ICU should be planned for 
those patients with a serious previous illness and 
an American Society of Anesthesiologists (ASA) 
score of >3, who would require ICU monitoring 
regardless of the procedure. Patients who suffered 
intraoperative complications such as excessive 
blood loss and transfusions should also be con-
sidered for ICU observation after surgery [40]. 
Other variables that have been identified in mul-
tivariate analysis as risk factor for postoperative 
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complications and may warrant ICU observation 
are diabetes and older age [43, 44]. In otherwise 
healthy patients and uncomplicated procedures, 
patients can be transferred from PACU when 
fully awake to the ward for continued care and 
observation by the surgical team, concluding the 
role of the anesthesiologist in CSF rhinorrhea 
correction [40].

15.10  Enhanced Recovery After 
Surgery (ERAS) 
in Neurosurgery

The Enhanced Recovery After Surgery (ERAS) 
was first described in cardiac surgery in 1994, 
called the fast-track recovery, to reduce extuba-
tion time, ICU, and hospital stay with compa-
rable rates of morbidity and mortality [45]. This 
concept expanded to other specialties improving 
outcomes when properly adopted [46, 47]. Even-
tually, in 2001, a European group of surgeons 
started the Enhanced Recovery After Surgery 
(ERAS) Study group and developed a model of 
interventions for the entire perioperative period 
seeking to reduce the physiologic response to the 
surgical insult [48].

Twenty-four core elements are distributed 
along the patients’ pathway administered by dif-
ferent departments and professionals, working 
in synergy between one element and the next. 
The protocols should be under continuous audit, 
implementing changes as new evidence comes to 
light [49], resulting in different levels of effec-
tiveness with reduced length of stay, complica-
tions, and readmissions [50, 51].

Despite the acceptance and success that ERAS 
protocols have with other specialties, the ERAS 
Society still does not have a neurosurgical proto-
col for craniotomies or EEA [52]. Few random-
ized control trials and narrative reviews on ERAS 
for craniotomies have been published, but the 
initial results suggest that adopting ERAS guide-
lines may, in the future, improve surgical out-
comes. Table 15.1 reviews some of the guidelines 
that have been extrapolated from other special-
ties into the incipient ERAS protocol for elective 
craniotomies adopted in early studies [53–55]. It 

is important to remember that a CSF rhinorrhea 
correction, despite not having external incisions, 
is, nonetheless, a craniotomy, in which the crani-
otomy is hidden within the sinonasal cavity.

15.11  Conclusion

The anesthesiologist plays a pivotal role in any 
surgical procedure, being responsible for the 
well-being and homeostasis of the patient while 
the surgical team is concerned with the techni-
cal aspects of the surgery. The anesthesiologist 
should be integrated into the surgical team for the 
best outcomes possible.

As discussed above, many variables influence 
the outcome and the anesthesiologist needs to be 
aware of them to help ensure the best possible 

Table 15.1 Suggestions for an ERAS protocol in 
craniotomies

Preoperative counseling to patients and family on the 
objectives and expectations of surgery
Abstinence from alcohol and smoking for 1 month 
before surgery
Perioperative carbohydrate loading should be 
encouraged with clear, carbohydrate-rich liquids
Mechanical antithrombotic prophylaxis (graduated 
compression stockings, intermittent pneumatic 
compression)
Routine prophylactic antibiotic use
Minimize scalp shaving (if any needed)
Local anesthetic infiltration and scalp blocks
No recommendation on the anesthetic protocol at the 
moment (short versus longer acting anesthetics or TIVA 
versus pure inhalational anesthetics)
Non-opioid analgesia using IV acetaminophen, 
gabapentinoids, and non-steroidal anti-inflammatory 
medications. Opioids should be considered a rescue 
medication
Routine postoperative nausea and vomiting prophylaxis 
with serotonin receptor antagonists and dexamethasone
Minimally invasive craniotomies and endoscopic skull 
base approaches are possibly superior to other 
approaches
Avoiding hypothermia
Fluid balance through non-invasive cardiac output 
monitoring to determine volume status
Early removal of bladder catheters and surgical drains
Encourage early mobilization
Frequent audits to assess impact and encourage 
compliance
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outcome. A well-trained and experienced pro-
fessional should be in charge of the anesthesia 
procedures and the immediate postoperative care 
until the patient is fully awake and ready to be 
discharged to the floor, under the sole care of the 
surgical team.
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Synthetic Materials for Skull Base 
Reconstruction

Ghassan Alokby and Jarrett Walsh

16.1  Introduction

Significant advances in endoscopic sinus and skull 
base surgery can be attributed to the development of 
angled telescopes, navigation systems, and high def-
inition cameras coupled with a better understanding 
of the endoscopic anatomy of the nasal cavity and 
ventral skull base [1, 2]. As a consequence of these 
advancements, skull base defects are now able to be 
managed through transnasal approaches using auto-
grafts [3]. The first endoscopic cerebrospinal fluid 
(CSF) leak repair was described by Wigand in 1981 
[4] with the same principles for CSF leak repair 
applied subsequently for the repair of the defects 
resulting from endoscopic resection of skull base 
and intracranial tumors [5]. The use of vascularized 
flaps laid the ground for further advancements in 
endoscopic skull base approaches as the repair of 
complex and large defects that resulted from tumor 
resections were repaired with a success rate similar 
to the open approaches [5, 6].

Various grafts can be used for skull base 
repair, and given the multitude of options, we can 

match graft material to the size and type of defect 
to provide an optimal repair. Autografts such as 
nasal mucosa, abdominal fat, and fascia lata make 
an ideal graft from the point that they are derived 
from the same hosts, making them well toler-
ated, without the risks of immunological reaction 
or infection transmission. However, autografts 
have their limitations. A separate donor site may 
be required to obtain the grafts, with the risks 
related to the additional procedure such as infec-
tion, hematoma or seroma formation, cosmetic 
concerns, and longer operation time. Another 
limitation is the availability of enough tissue to 
reconstruct larger defects commonly resulting 
from oncological resection [7–9].

Using synthetic dural substitutes may address 
many of the limitations of autografts. However, 
there are certain criteria in the dural substitute 
that are essential to proper wound healing. Any 
external material implanted to a patient must be 
well tolerated by the host, limiting any foreign 
body reactions to integrate well with the sur-
rounding tissue [7]. The implant needs to have 
good handling so that it can be well positioned 
at the defect site allowing good approximation to 
the surrounding tissues. Finally, it needs to have 
the sufficient strength to form a water-tight bar-
rier [1, 7, 10]. Although the use of synthetic dural 
substitutes will result in additional expense, the 
cost may be offset by shorter operative time [8].

Many materials have been used in dural repair 
or as a substitute with varied outcomes. In the 
mid-1900s, polymer derived materials, such as 
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Dacron and Orlon, were popular. However, high 
infection rates, the inability of the material to 
integrate with the surrounding dura, and foreign 
body encapsulation were commonly encoun-
tered and lead to discontinuation of their use [7]. 
Newer materials introduced have shown to be 
well tolerated and effective in repair skull base 
defects [3, 9]. The main principles for skull base 
repair remain constant regardless of the material 
being used: visualization, clearance of obstruc-
tive tissue, and close approximation. Clear visu-
alization of any defect is imperative for complete 
closure. Any tissue adjacent or herniating through 
the defect should be cauterized and removed so 
that all edges of the defect are clearly seen. The 
bony edges of the defect should be well identi-
fied and smoothed, which may make the defect 
larger. However, having a well-defined defect 
with smooth edges helps in the final principle, 
close approximation. Having the graft material 
approximated closely to bare bone and avoiding 
significant overlay of graft material on mucosa 
will lead to quicker closure and avoid the forma-
tion of a mucocele [11, 12]. A water-tight closure 
should be achieved using a meticulous surgical 
technique and optimal choice of reconstructive 
material that can withstand the nasal environment 
and may need to be supplemented with the vascu-
larized flaps in cases with high risk of postopera-
tive CSF leak [6, 10, 13].

When applying these principles, many dural 
substitutes have been shown to have an outcome 
similar to autograft [8, 9, 14, 15]. In this chap-
ter, we will present a collection of reconstruction 
materials classified by source material: xeno-
grafts, allografts, alloplastic, and other synthetic 
materials.

16.2  Xenograft

A variety of bovine-derived collagen matrices 
are available as dural substitutes and are typically 
used as part of multilayer repair [9, 16–18]. The 
primary differences in available bovine collagen 
matrices are donor site and post-harvest process-
ing. DuraGen (Integra LifeSciences, Plainsboro, 

NJ), Dura-guard (Synovis, St. Paul, MN), and 
Durepair (TEI Biosciences, Boston, MA; distrib-
uted by Medtronic Neurosurgery, Goleta, CA) 
are examples of commonly used bovine-derived 
collagen matrix. All have proven to be well tol-
erated by the host without causing foreign body 
reactions [7].

Evaluation of the three collagen matrix 
derived grafts using a canine duraplasty model 
has previously been performed to compare their 
in  vivo properties. Although all three materials 
are derived from bovine collagen, the difference 
in their physical properties, porosity, and cross-
linking influenced operative tissue handling and 
postoperative resorption, vascularization, and 
tissue integration. Ultimately this comparative 
study concluded that all three materials are safe 
and effective in healing dura efficiently. How-
ever, the delicate nature of DuraGen makes it 
more suitable as in inlay layer for low flow leak, 
whereas Durepair and Duraform were found to 
be effective in both low- and high-flow leaks [7].

Oakley et al. published their experience with 
120 cases repaired using DuraGen. It was used 
as the first inlay layer for reconstruction and fol-
lowed by a free mucosal graft for defects less 
than 1  cm. Larger defects included DuraGen 
with a vascularized flap or a combination of both 
graft and flap. In their series, postoperative CSF 
leaks were reported in 3.3% of the patients. Other 
reported complications were meningitis (3.3%), 
other intracranial infections (2.5%), intracranial 
bleeding (1.7%), and epistaxis (1.7%) [9].

Dura-Guard (Synovis, St. Paul, MN) is pro-
duced by processing sheets of bovine pericar-
dium. It is reported to be more durable than 
DuraGen and can effectively be used as part of 
multilayer repair of the skull base [7]. Nyquist 
et  al. published a series of 32 patients where 
Dura-Guard was used interchangeably with fas-
cia lata as an inlay layer for skull base defects. 
It was supported by a rigid buttress with or with-
out vascularized flap depending on the size of the 
defect. In this series there was no postoperative 
CSF leak in 93.5% of the cases [19].

Unlike the previously mentioned collagen- 
based materials, a newer xenograft that has 
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application in skull base reconstruction is por-
cine intestinal submucosa extracellular matrix 
(Biodesign, Cook Medical Bloomington, IN) 
[20, 21]. Biodesign is acellular, resorbable, and 
was initially used as a tissue substitute in various 
surgical procedures, such as repair of abdominal 
hernias and for gynecologic and urologic proce-
dures [21]. Ultimately, this material was identi-
fied as having potential for dural repair.

Illing et  al. published their experience with 
155 cases of CSF leak repaired using Biodesign. 
The etiologies of CSF leaks included traumatic, 
spontaneous, congenital and related to tumor 
resections. The graft material was used as a part 
of a multilayer repair. The success rate in closing 
the defect was 94%. They concluded that porcine 
small intestinal submucosa is a safe material that 
can be used for skull base reconstruction [21].

16.3  Allograft

Allogenic dermis, pericardium, and fascia lata 
have all been used for skull base reconstruction 
[14, 22–24]. AlloDerm (LifeCell Corp, Wood-
lands, TX) is an allogenic, acellular dermal graft 
that is formed from cadaveric skin. It is processed 
using a high ionic strength solution to separate 
the epidermis from the dermis followed by pro-
cessing with sodium deoxycholate to remove 
cellular components from the dermal matrix. 
This processing reduces major histocompatibil-
ity class I and II molecules to decrease risk for 
immunologic rejection of the material [25]. The 
remaining dermal framework is freeze-dried and 
rehydrated before use [8, 25].

Early vascularization and tissue integration is 
an important criterion for any material used in 
dural repairs, to reduce the risk of infection and 
extrusion of the graft [25]. Taufique et al. stud-
ied explanted AlloDerm from two patients after 
11 and 17 months of the initial skull base recon-
struction. Upon histological evaluation, there was 
evidence that AlloDerm undergoes revasculariza-
tion when used for skull base reconstruction [25].

Several authors have published their expe-
rience with AlloDerm as a multilayer or as a 

stand- alone reinstruction material. Schimdt et al. 
described using a thin layer of AlloDerm as an 
inlay graft followed by an onlay graft of thick 
AlloDerm in defects in the lateral recess of the 
sphenoid with vascularized flaps preserved for 
large defects. They have reported four cases that 
were successfully treated with this approach with 
no postoperative CSF leak [24].

Lorenz et  al. reported 8 cases of skull base 
repair using septal bone or cartilage layered 
between sheets AlloDerm, placed intracranially 
and overlayed with a mucosal free graft sealed 
with fibrin glue. The reconstruction was sup-
ported by both absorbable and non-absorbable 
nasal packing. Failure rates were reported at 
4% [26]. Leong et  al. presented a series of 16 
patients, who had skull base repair in a multilayer 
fashion using acellular dermal allograft follow-
ing resection of anterior skull base neoplasms 
[27]. Eloy et al. reported 10 cases that underwent 
purely endoscopic trans-cribriform resection of 
anterior skull base tumors. The repair of the skull 
base consisted of an inlay fascia lata graft, inlay/
onlay acellular dermis graft, and vascularized 
flap. No postoperative CSF leak was reported in 
this series [23].

Germani et al. presented a series of 55 patients 
with anterior skull base defects. 55% of the cases 
were repaired using AlloDerm as part of a mul-
tilayer repair or as a stand-alone reconstruction 
layer. The remaining 45% of the cases had their 
defect repaired using bone and mucosal graft; 
bone, cartilage, and mucosal graft; bone paste, 
lyophilized dura, and mucosal graft; or mucosal 
graft alone. There was no postoperative CSF leak 
in 97% of the cases in the AlloDerm group and 
in 92% of the cases in the non-AlloDerm group. 
There were no statistical differences in closure or 
complication rates between groups with respect 
to the type of repair or defect size [8].

Gaynor et al. presented a retrospective cohort 
study comparing AlloDerm to fat in repair of sel-
lar defects. Out of 429 patients who underwent 
the procedure, Intraoperative CSF leak occurred 
in 160 cases (35.5%). 95 of those patients under-
went repair with AlloDerm and 46 underwent 
repair with fat autograft, with postoperative CSF 
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leak rates of 8.4% and 15.2%, respectively. 19 
patients underwent repair with other techniques 
or no repair at all, with postoperative leak rate of 
0% [15].

Another allogenic material that can be used 
for skull base reconstruction is derived from 
cadaveric pericardium. Tutoplast® Pericardium 
(Tutogen Medical GmbH) is an allogeneic natu-
ral collagen matrix that is processed via a pro-
prietary tissue sterilization process. Multiple 
washes are performed to remove cellular compo-
nents of the pericardium. Oxidative and solvent 
treatments reduce immunogenicity of the final 
product. Finally, the tissue is terminally sterilized 
with low-dose irradiation. Cavallo et al. published 
a series of 21 patients with suprasellar lesions 
where skull base reconstruction was carried out 
using a multilayer repair consisting of Tutoplast 
pericardium in combination with another layer of 
solid support at the bone layer (Lactosorb, Walter 
Lorenz Surgical). CSF leak rate was 9.5%. No 
patients in the series developed meningitis [28].

Divitiis et al. published a series of 11 patients 
diagnosed with meningioma who underwent 
transnasal endoscopic resection. The anterior 
cranial floor was reconstructed in a multilayered 
fashion with collagen sponge matrix, Tutoplast, 
and resorbable solid material (Lactosorb). Three 
patients developed postoperative CSF leak that 
was successfully repaired by revision surgery 
[29]. In another series, Cavallo et  al. used the 
same technique in the repair of the skull base 
following the resection of 21 cases of craniopha-
ryngioma. The postoperative CSF leak rate was 
16.7% [30].

16.4  Alloplastic

Inorganic and synthetic materials have been used 
for skull base repair from the 1890s, includ-
ing inert metal foils and rubber as the earliest 
reported repair materials [31]. By the middle of 
the twentieth century, a variety of synthetic poly-
mers were available and used for dural closure. 
Dacron, a non-absorbable polymer made from 

polyethylene terephthalate (PETE), was widely 
used through the 1980s. Dacron was initially 
used independently, but was subsequently incor-
porated in a silicone coating for dural implanta-
tion [31, 32]. By the end of the century, silicone 
grafts with or without Dacron were being aban-
doned due to concerns for associated bleeding, 
infection, and delayed cortical adhesion [33, 34]. 
Significant attention in the past several decades 
has focused on absorbable materials, able to inte-
grate or guide surrounding tissue regrowth, while 
avoiding the risks for cortical adhesion, hemor-
rhage, and infection realized with non-absorb-
able materials. While many of these materials are 
used in duraplasty and subsequent cranioplasty, 
there are studies that have followed the potential 
use of alloplastic materials into the realm of skull 
base dural repair and closure.

Absorbable polymers of polygalactin 910 
(Vicryl) and poly-p-dioxanone (PDS) are often 
known as common suture materials, however, 
their combination in the form of a woven patch 
has been marketed as Ethisorb (Codman, Rayn-
ham, MA) and has shown utility in dural clo-
sure. Arndt et al. demonstrated the utility of this 
patch in 8 patients with transnasal repair using 
layers of Ethisorb to form a “sandwich” around 
the skull base defect with an overlying mucosal 
graft for final closure. The success rate of this 
series was 100%, without significant complica-
tions [35].

Another synthetic material considered for 
dural closure is polyurethane (Neuro-Patch, Aes-
culap, Tuttlingen, Germany). Initially described 
as a material with potential use in the 1990s, the 
largest reported series of dural repairs with this 
material was published in 2003. Postoperative 
leak was noted in 9 of the 70 patients [36, 37].

One of the most recent advances in alloplas-
tic dural repair is the FDA approval of a micro-
spun poly(lactic-co-glycolic acid) (PGLA) and 
poly(dioxanone) matrix (Cerafix Dura Substitute, 
Acera Surgical, St. Louis, MO) [38]. Currently 
the material is only indicated for dural defects of 
less than 31.7 cm2 [39]. The initial case report of 
its use in four patients shows excellent closure 
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and no graft-related complications at 6 month 
follow-up [40].

While not technically an alloplastic material, 
fibrin sealants can be used as an adjuvant for 
closure of dural defects, especially in a multi-
layer closure. While prospective and retrospec-
tive series regarding the use of fibrin sealants 
abound, only three randomized control trials 
were noted in a large systematic literature review 
published by Esposito et  al. [41]. This report 
demonstrated that water-tight closure was sig-
nificantly improved in the fibrin sealant group. 
However, postoperative CSF leak rates were 
noted to be higher in the sealant group over the 
control group. The overall postoperative leak 
rates were noted to be 4.5% in the fibrin sealant 
group as compared to 2% in the control group 
[42]. In a recent evidence- based review with 
recommendations focusing on management of 
cerebrospinal fluid rhinorrhea repair, Oakley 
et  al. address the use of fibrin sealants. Simi-
lar to the systematic review, a paucity of high-
level data results in an overall recommendation 
as “option” with a value judgment of “surgeon 
preference,” citing its increased cost without 
clear supporting evidence [3]. Additional stud-
ies by Eloy et  al. further question the need of 
fibrin sealants for skull base defect repairs. In 
their series of 74 patients, a 0% postoperative 
leak rate was reported in closures without use of 
fibrin sealants versus 2.4% in the group repaired 
with the use of fibrin sealant [43].

In addition to dural repair, alloplastic mate-
rials are commonly used as a rigid support for 
bony skull base defects. Similar to dural repair, 
rigid materials are available in absorbable and 
non-absorbable forms. Commonly used bio- 
absorbable polymers introduced in the last 
two decades include poly-P-dioxanone (PDS, 
Ethicon, Somerville, NJ), poly(D,L)lactic acid 
(Resorb-X sellar plate; KLS Martin, Jacksonville, 
FL), and co-polymers of poly(D,L)lactic acid 
with glycolic acid (Lactosorb, Zimmer Biomet, 
Jacksonville, FL). These materials are available 
as plates or mesh with balanced malleability, to 
easily shape the material to the defect size and 

allow for placement, and rigidity, to oppose intra-
cranial pressures on the repair site.

Potter et  al. describe a series of 28 patients 
with closure of anterior skull base defects with 
Resorb-X sellar plates, noting only 1 (3.2%) 
postoperative CSF leak, only after a second sur-
gical intervention for persistent pituitary tumor 
[44]. Al-Asousi et al. report a case series includ-
ing 7 skull base repairs using PDS sheets as the 
rigid component of a multilayer repair. There 
were no reported postoperative leaks with no sig-
nificant postoperative complications noted in the 
limited series [45]. Finally, a collection of tech-
niques including Lactosorb as a component of a 
multilayer closure has been presented by Cavallo 
et al. [28].

Non-absorbable materials used in the repair 
of skull base defects are also often used as part 
of a multilayer closure. Current options in non- 
absorbable materials include titanium mesh, 
cements, and porous polyethylene (Medpor; 
Stryker, Kalamazoo, MI). Titanium implants are a 
consideration due to their excellent biocompatibil-
ity. Titanium mesh has the added benefit of intra-
operative shaping to meet the specific contours 
of defects. For application in known defect sizes, 
the option for pre-manufactured titanium plates is 
available, but at the cost of limited intraoperative 
manipulation of the graft. A potential downside to 
rigid titanium grafting is migration or exposure of 
the plate over time, which may lead to complica-
tions such as infection, crusting, or bleeding. The 
need for MRI evaluation of the skull base defect 
postoperatively should be considered before plac-
ing titanium, as some attenuation of signal is pos-
sible in tissues adjacent to the implant site.

Cements have been used as part of bone 
reconstruction in various anatomic sites. Com-
mon cement base materials include hydroxy-
apatite and poly-methyl methacrylate (PMMA). 
Hydroxyapatite has the capacity to be molded in 
situ before hardening and may promote induction 
of osteoneogenesis, properties that have contrib-
uted to its use in skull base repair [46, 47]. One 
potential concern with hydroxyapatite cement 
is crack formation on curing, which requires 

16 Synthetic Materials for Skull Base Reconstruction



162

removal of fragmented cement and addition of 
layered cement to obtain a complete adequate 
seal [47]. PMMA cements have been reported 
for skull base closure, specifically the use of the 
high-viscosity variety [48]. Cited benefits of the 
high-viscosity variety include improved working 
consistency over low-viscosity variants, which 
allows for use in endoscopic repairs and reduces 
risk of local extravasation and migration. Unfor-
tunately, there is limited long-term follow- up 
data for the endoscopic application of PMMA 
cements.

Finally, Medpor implants have the biocom-
patibility of non-absorbable implants with the 
capacity of integration of surrounding tissues like 
absorbable implants [49]. Medpor is available in 
plate form, allowing for ease of application for 
endoscopic repairs, and can be cut to size. Liebelt 
et al. present a series of 200 consecutive patients 
with sellar defects, of which 136 were repaired 
with Medpor plates. Other patients closed with 
nasal bone grafting did not require rigid closure. 
Two patients (1.5%) in the Medpor group had 
postoperative CSF leak, compared to one patient 
(1.6%) in the nasal bone group. Other compli-
cations were not significantly different between 
groups [50].

16.5  Surgical Technique

In this section, we will describe the skull base 
reconstruction using AlloDerm. The skull base 
defect is prepared for closure, initially, by opti-
mizing exposure. All edges of the defect must 
be clearly seen. Mucosa adjacent to the bony 
edges of the defect must be reflected away or 
removed to expose the surrounding bone. Like-
wise, the dural defect must be properly visual-
ized. The dural edge to be repaired is elevated 
from the surrounding cranial bone by applying a 
saline soaked neurosurgical pledget and elevat-
ing the dura gently. An intermediate thickness 
Alloderm graft, approximately 1mm thick, is 
optimal for anterior skull base closure given 

the balance of compliance and strength. The 
Alloderm should be prepared by rehydrating in 
sterile saline prior to repair of the defect. The 
defect is measured carefully to calculate the size 
of Alloderm needed. A neurosurgical pledget of 
known size may be used to estimate the defect 
size, alternatively a small ruler can be placed for 
measurement of larger defects. An additional 
2 cm should be added to each side of the calcu-
lated defect size to estimate the size of the graft 
material required. If a 2 × 3-cm defect is being 
repaired, the Alloderm should be 6 × 7-cm in 
size. The graft is gently centered over the defect. 
Using a curved probe or other instrument, the 
edges are gently tucked intracranially, ensuring 
that the free edge is visible during placement 
and remains extracranial. The Alloderm is effec-
tively doubled back on itself on the cranial side 
of the bony edges, creating a pocket circumfer-
entially (Fig.  16.1a, b). Oxidized regenerated 
cellulose, Surgicel (Ethicon, Somerville, NJ), is 
wrapped around a plug of dry Gelfoam (Pfizer, 
New York, NY) and is used as a wedge into the 
circumferential pocket, each piece cut to the 
approximate length of the defect edge. Alternat-
ing opposite sides are supported with plugs to 
keep the graft in place and maintain a circum-
ferential water-tight seal around the bony defect 
during plug placement. The intranasal ends of 
the graft are allowed to fold back and contact 
surrounding bone circumferentially (Fig. 16.2). 
Any reflected mucosa is then draped back over 
the edges of the repair. The end result is a 
hammock-like structure that supports the dural 
defect and is anchored circumferentially on the 
bony edges of the defect, essentially forming a 
water-tight gasket by the wedges of oxidized 
regenerated cellulose and gel foam (Figs. 16.3 
and 16.4). Gelfoam or other absorbable mate-
rial is placed over the graft surface to protect 
the graft from adhesion to any nasal packing. 
A merocel pack is applied to the edge of the 
graft and hydrated to apply reinforcement from 
below. The merocel pack generally remains in 
place for 1 week.
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Alloderm graft

Graft
draping
over right
orbital wall

Graft draping
overanterior
sphenoid roof
(planum)

b

a

Graft
draping over
posteroinferior
frontal sinus

Insertion of
Surgicel/Gelfoam
plug into supraorbital
pocket of Alloderm
graft

Insertion of Surgicel/Gelfoam
plug into supraplanum pocket
of Alloderm graft

Central (”hammock”)
portion of Alloderm graft

Fig. 16.1 Inlay/onlay technique for placement of allograft 
closures in the anterior skull base. Resorbable gelfoam and 
oxidized regenerated cellulose are used to form plugs that 

secure the graft circumferentially along the superior edge 
of the defect. Excess graft is draped over exposed bone to 
promote the formation of a tight seal (a, b)
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Graft
draping over
posteroinferior
frontal sinus

Graft draping over
anterior sphenoid
roof (planum)

Graft draping
over left
orbital wall

Gelfoam

Fig. 16.2 Final repair of skull base defect with care to 
support the central “hammock” portion and ensure that 
draping edges are well seated without folds to prevent 
CSF leakage

Fig. 16.3 Endoscopic view using a 70° nasal endoscope 
of the skull base repair following anterior skull base resec-
tion using Tutoplast® Fascia Lata

Fig. 16.4 Endoscopic view using a 70° nasal endoscope 
of the skull base repair following anterior skull base resec-
tion using AlloDerm
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Free Autologous Grafts

Yazeed Abdulilah Alsuliman, Marc A. Tewfik, 
and Peter-John Wormald

17.1  Free Autologous Grafts

Since Dandy first described the successful repair 
of the skull base in 1926 and then with the era 
of endoscopic skull base surgery, many opera-
tive techniques have been adopted to reach a suc-
cessful watertight closure of skull base defects. 
Those techniques have employed a wide range 
of closure materials, including simple autografts, 
allografts, xenografts, synthetic materials, local 
flaps, or even free flaps.

This chapter will explore the different free 
autografts used in skull base reconstruction, their 
indications, limitations, and technical consider-
ations.

17.2  Types of Autologous 
Grafting Materials

Before intranasal vascularized tissue flaps were 
described, skull base reconstruction was limited 
to free autografts. Many autologous graft mate-
rials have been described in the literature con-
cerning skull base reconstruction. Those include 
fascia, fat, mucosa, bone, and cartilage [1]. They 
can be used as a single layer, but more often are 
used in conjunction with other grafts and/or flaps 
(Table 17.1).

Y. A. Alsuliman 
Division of Otolaryngology, Head and Neck Surgery, 
Department of Surgery, King Fahad Medical City, 
Riyadh, Saudi Arabia 

M. A. Tewfik (*) 
Department of Otolaryngology - Head and Neck 
Surgery, McGill University Health Center,  
Montreal, QC, Canada
e-mail: marc.tewfik@mcgill.ca 

P.-J. Wormald 
Department of Surgery, Otolaryngology - Head and 
Neck Surgery, The University of Adelaide,  
Adelaide, SA, Australia
e-mail: peterj.wormald@adelaide.edu.au

17

Table 17.1 Types of autologous free grafts

Type of 
autologous 
graft Donor site Common uses
Mucosa • Nasal septum

•  Middle/
inferior 
turbinate

• Nasal floor

•  Overlay single or 
supporting layer

Fat • Thigh
• Abdomen
• Ear lobe

• Fill up dead space
• Bath plug technique

Fascia • Fascia lata
• Rectus fascia
•  Temporalis 

fascia

•  Overlay or underlay 
single or supporting 
layer

Bone • Nasal septum
• Mastoid
• Calvarium
• Iliac crest

•  Prevent herniation of 
intracranial contents 
in large defects

• Gasket seal technique
Cartilage • Nasal septum

• Conchal
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17.3  Free Mucosal Grafts

As for all free grafts, mucosal grafts depend on 
the recipient site’s blood supply to heal and there-
fore need to be placed on a well-vascularized 
bed. Mucosal grafts have the advantage of being 
harvested locally from the nasal cavity without 
adding wound related morbidity. Typically, they 
are harvested from septum, middle turbinate, 
inferior turbinate, or nasal floor. Because these 
different nasal subsites typically have different 
mucosal thicknesses, those with naturally thick 
mucosa such as the inferior turbinate mucosa 
and superior septum should be harvested in split- 
thickness. This way, they will remain thinner and 
require less nourishment by the underlying vas-
cularized bed in order to survive.

Donor site-related morbidity should be con-
sidered when choosing to harvest nasal mucosa. 
Harvesting mucosa from an intact middle tur-
binate is technically challenging and can risk a 
skull base injury [2]. If middle turbinectomy 
has been performed for exposure purposes, its 
mucosa can be harvested on the instrument table 
with no additional risks. Taking septal mucosal 
graft can adversely affect the future use of a ped-
icled septal flap and often results in an exposed 
cartilage that takes time to remucosalize lead-
ing to prolonged crusting, cartilage necrosis, or 
septal perforation. Nasal floor mucosa is another 
safe alternative option which has been reported to 
remucosalize relatively fast despite its theoreti-
cal risk of nasal vestibule stenosis if performed 
too far anteriorly [3]. Mucosa can only be used 
as an overlay graft (over the intranasal surface 
of the bone), and care should be taken to apply 
the mucosal side outwardly to avoid the risk of 
mucocele formation.

Mucosal grafts have a relative rapid healing 
process. It takes around 6 days for the mucosa 
to be fixed to the skull base and there is a micro-
scopic evidence of re-epithelization by postopera-
tive day 12. However, complete remucosalization 
can take up to 90 days [4]. Hoseman et al. have 
found that mucosal grafts contract by 20% dur-

ing healing process, and for this reason, the sur-
geon should take this in consideration to harvest 
a proper sized graft [5].

17.4  Fat Grafts

Using fat graft can play an effective role in reach-
ing watertight closure of skull base defects as well 
as filling up dead space in advanced skull base 
approaches such as trans-clival ones. Fat grafts 
are typically harvested from the thigh, abdomen, 
or ear lobe. Although most studies show no dif-
ference in the viability of fat grafts harvested 
from different donor sites, one study shows that 
more adipose-derived stem cells are found within 
the fat grafts harvested from the lower abdomen 
or inner thigh [6]. Those stem cells have a unique 
wound healing potential. In animal models, adi-
pose stem cells are found to be able to promote 
epithelization and vascularization [7]. That was 
the basis of Fonmarty et al. study that reported a 
successful anterior skull base reconstruction after 
resecting malignant tumors using en bloc fat graft 
as a single layer in overlay fashion [8]. After non-
vascularized fat grafting, a very dynamic remod-
eling of adipose tissue was observed [9]. Many 
adipocytes die within the 2 weeks of transplan-
tation, but the adipose-derived stem cells remain 
alive and partially regenerate the adipose tissue 
by week 3, whereas the remaining dead cells get 
replaced with fibrotic tissue [10].

Despite the safety and effectiveness of the use 
of fat in skull base surgery, some authors have 
described complications. Taha et  al. reported 
1% complication rate of autologous fat grafting 
including fat necrosis with subsequent CSF leak 
and lipoid meningitis as a result of dissemination 
of fat into the subarachnoid space [11].

Fat can safely be placed intradurally, but care 
must be taken not to let small globules of fat dis-
sociate from the main graft that can then translo-
cate within the CSF space. An adequately sized 
graft has the advantage of acting as a buttress 
upon which subsequent layers can rest, apply-
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ing pressure to these from the intracranial side, 
and protecting delicate intracranial structures. 
Care must be taken not to place excessive fat 
 intradurally as this can compress major anatomi-
cal structures and can also impact the accuracy of 
postoperative images [12, 13].

The bath-plug closure is one the techniques 
that utilizes fat graft for reconstructing the skull 
base. This technique was described to provide 
dural seal by placing the fat plug intracranially 
and use a stitch to expand the fat plug which 
then allows the natural pressure from the CSF to 
maintain this seal [14].

17.5  The Fat Bath-Plug Surgical 
Technique

Once the site of the leak has been identified, the 
dural defect is enlarged until the bony edges of 
the defect is delineated. Prolapsed meningocele 
or meningoencephalocele is resected after care-
fully checking that the prolapsed tissue does not 
contain intracranial blood vessels. The residual 
tissue is cauterized with bipolar diathermy to 
ensure hemostasis. The nasal mucosa surround-
ing the defect is stripped away for at least 5 mm. 
A fat graft is then harvested from the ear lobe 
that is about the same diameter as the defect 
and 1.5–2  cm long. If the size of the defect is 
larger than 12 mm, the fat can be taken from the 
abdomen but defects larger than 1.5 cm are not 
suitable for this technique. The ear lobe fat is 
preferable as the fat globules are tightly knitted 
and easy to work with. Next, a 4-0 vicryl suture is 
passed through one end of the fat plug and knot-
ted, then the suture is passed down the length of 
the fat plug (Fig. 17.1). The fat graft is introduced 
gently and gradually through the defect knot first 
using malleable frontal sinus probe. Once fully 
introduced, the suture is pulled while an instru-
ment supports the fat plug as it protrudes through 
the defect as the suture is pulled (Fig. 17.2a, b). 
This will expand the fat on the intracranial sur-
face of the defect and as the fat plug is now larger 

than the defect and the fat prolapses through the 
defect, a tight seal is achieved. A free mucosal 
graft is slid up the suture and placed in overlay 
fashion and supported with fibrin glue and Gel-
foam. The vicryl suture is cut just below the graft 
and supporting material (Fig. 17.3).

17.6  Fascia Grafts

Fascia grafts such as fascia lata and temporalis 
fascia are another great option that is utilized by 
many skull base surgeons for reconstruction pur-
poses. Fascia lata in particular is a very popular 
grafting material due to its strength, availability, 
and pliability. Although many surgeons prefer 
adding a pedicled flap for reconstructing large 
skull base defects, fascia lata alone has been 
used successfully in the past as a double layer 
(underlay and overlay) in repairing such defects 
(Fig. 17.4) [15]. Nicolai et al. have also utilized 
fascia in a “three layer technique” covering skull 
base defects after resecting large sinonasal malig-
nant tumors, by using fascia intradurally, then 
intracranial extradurally (underlay), and covering 
it with an extracranial (overlay) mucosal graft 
[16]. Tachibana et  al. investigated the healing 
process of fascia lata graft in an animal study and 

Fig. 17.1 Making a knot with a 4-0 vicryl suture at one 
end of the fat plug and passed down its length
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a b

Fig. 17.2 (a) The fat graft is gently introduced into the skull base defect using a curved frontal sinus probe. (b) Then 
the suture is pulled while the plug is supported to allow the plug to expand and seal the defect

Fig. 17.3 The mucosal graft is slid up the length of the 
suture and placed to cover the fat plug in overlay fashion

found that fascial graft was already tightly con-
nected to adjacent dura at 1 week and tolerated 
high intracranial pressure even without a support-
ing vascular flap [17].

17.7  Surgical Technique 
of Harvesting Fascia Lata

The leg is positioned so that it is slightly flexed 
at the knee and internally rotated, and a soft roll 
is applied under the knee. A longitudinal linear 
incision is made along the center of the lateral 
thigh with a length that is suitable to harvest a 
proper sized graft. Usually, a 3–5 cm incision is 
adequate (Fig. 17.5). Next, a blunt dissection of 
the overlying fat is made, and the fascia lata is 
exposed. A proximal and distal transverse inci-
sions are made on the fascia (this defines the 
length of the graft). An anterior and posterior 
fasciotomy incisions are also made (defines the 
width of the graft). The fascia is bluntly dis-
sected off the underlying muscle, and fascia graft 
is delivered and kept in wet dressing until used. 
Hemostasis is then to be completed with elec-
trocautery and drain can be placed if necessary, 
and the wound is closed in two layers. The fascia 
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Fig. 17.4 Demonstration of an example of multilayer 
closure technique of skull base defect in which fat is used 
intradurally to seal the CSF leak, then fascia lata is used in 

underlay and overlay layers, and finally an overlay muco-
sal graft/flap is used

a

b

Fig. 17.5 (a) Shows the proper positioning of the leg 
before harvesting fascia lata graft. (b) Shows the incision 
site and a fascia lata cut from underlying muscle

lata defect is usually closed either primarily or if 
the graft taken is large, a vicryl mesh is sutured 
into the defect. This prevents the complication of 
muscle prolapse through the fascia lata defect in 
the postoperative period.

17.8  Bone/Cartilage Grafts

The need for bone or cartilage grafts in skull 
base reconstruction is controversial. Rigid recon-
struction may be needed to prevent herniation of 
intracranial contents. In at risk patients (chronic 

cough, overweight), some surgeons believe that it 
is beneficial in large defects to support the recon-
struction with either a bone graft or titanium plate 
as an underlay between the underlay and onlay 
reconstruction layers [18]. Gasket-seal watertight 
closure is one of the reconstruction techniques 
that can use a bone graft as part of multilayer 
reconstruction [19].

In this technique, often an underlay is placed 
intracranially, then an onlay graft (commonly 
fascia lata) is placed over the defect and must 
exceed the bony defect by around 1 cm circum-
ferentially. To ensure that the edges of this graft 
remain in contact with the edges of the defect, a 
bone or cartilage graft that is roughly the same 
size of the defect is gently pushed into the defect 
and wedged on the edges of the defect forming a 
watertight seal. A popular donor site for bone and 
cartilage grafts is the nasal septum which is faster 
and easier in endoscopic approaches, and it also 
avoids adding remote donor site morbidity.

17.9  Outcomes of Various 
Autologous Graft Materials

The current literature uses the absence of recur-
rent cerebrospinal fluid (CSF) leak as a definition 
of successful skull base repair [20]. A meta- 
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analysis study that evaluated the outcomes of 
endoscopic skull base repair with different types 
grafts and techniques has shown a success rate of 
90–97% regardless of the type of graft [21].

This applies for small defects, but for large 
ones, a vascularized flap has significantly bet-
ter outcome in comparison with free grafts with 
CSF leak rates post repair of 6.7% and 15.6%, 
respectively. There is no consensus as to what 
size defines a small versus a large defect, but 
many authors use a 1–2 cm limit to define a small 
defect [22–24].

Evidence for clear cut comparison of success 
rates between different types of grafts is currently 
unavailable. Most studies are retrospective and do 
not control for the many variables such as what 
supporting reconstructive material was used, the 
particular repair technique, type of packing, use 
of a lumbar drain usage, etc. [25].

17.10  Single Layer Versus 
Multilayer Grafts in Skull 
Base Repair

Regardless of the type of reconstruction mate-
rial, the multilayer closure approach is believed 
to have the advantage resisting positive pressure 
(high intracranial pressure or high flow CSF leak) 
and negative pressure (pneumocephalus) gradi-
ents [26]. However, some studies have showed 
that a single-layer closure technique has similar 
outcomes to multilayer approach in experienced 
hands with a meticulous technique [23, 27]. The 
single layer reconstruction has also been shown 
to be effective after resecting sellar tumors with 
no intraoperative CSF leak [28]. In general, we 
believe that a multi-layer reconstruction tech-
nique is superior to a single-layer closure and 
should be the reconstruction technique of choice.
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18.1  Introduction

The overall goals of skull base reconstruction 
include separation of the cranial cavity from the 
sinonasal tract, preventing cerebrospinal fluid 
leaks (CSF-L), pneumocephalus and intracra-
nial infections, such as ascending bacterial men-
ingitis and abscesses, and protection of cranial 
nerves and major vessels against desiccation and 
infection.

Early endoscopic reconstructive techniques 
were based on experience with the repair of 
defects following spontaneous CSF leaks and 
accidental or iatrogenic trauma. Multiple reports 
have validated that small skull base defects can 
be reconstructed with a wide variety of free graft-
ing techniques, achieving success in more than 
95% of the patients [1, 2].

However, when applied to the larger and more 
complex skull base defects, these techniques 
might be inadequate. In these cases, reconstruc-
tion is challenging not only because of the size 
of the defects but also because of the site and 

effects of gravity (high flow of cerebrospinal 
fluid at the middle and posterior skull base) and 
the proximity of delicate neurovascular struc-
tures, not surrounded by bony borders (such as 
optic chiasm, internal carotid artery, VI cranial 
nerve, olfactory threads).

Subsequent refinements of the free grafting 
techniques, such as multilayer repair, reduced the 
CSF leak rate of the anterior skull base [3], but it 
remained high for large defects located at the mid-
dle and posterior skull base [4]. Therefore, many 
pedicled vascularised flaps have been developed 
over the years (i.e. the Hadad- Bassagasteguy 
flap) for reconstruction of complex and high-flow 
skull base defects, with a decrease in CSF leak 
incidence to <5% [5, 6].

The vascularised flap techniques employ tis-
sues that maintain a connection with the donor 
site (pedicle) and are transferred to the receiver 
site, which has to be adjacent, through sliding 
and rotation movements. They have their own 
vascularisation. An ideal flap should be simple to 
design, resist trauma, produce little to no morbid-
ity, provide an adequate surface area and have an 
arc of rotation that permits its transposition with-
out the tendency to return to its original position.

Pedicle vascularised flaps, when applied 
directly to close a defect or placed over tradi-
tional fascia grafts, should provide very strong 
support and rapid re-epithelialisation, espe-
cially in critical areas. Different vascularised 
flaps for skull base reconstruction are described 
in literature.
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18.2  Hadad-Bassagasteguy Flap

The Hadad-Bassagasteguy flap (HBF) [7] is a 
vascular pedicled flap supplied by the posterior 
nasoseptal arteries. These arteries arise from 
the posterior nasal artery, one of the terminal 
branches of the maxillary artery. The posterior 
nasoseptal arteries supply the entire length of the 
nasal septum and anastomose with the ethmoidal 
arteries, the greater palatine artery and the ante-
rior facial artery. The flap is designed according 
to the size and shape of the defect, although it 
is best to overestimate the size and then trim the 
flap if needed. Harvesting of the HBF includes 
the use of two horizontal parallel incisions along 
the nasal septum. An inferior incision is made 
over the maxillary crest and a superior incision is 
made 1–2 cm below the most superior aspect of 
the septum to preserve the olfactory epithelium 
[8] following an ideal line that passes through the 
axilla of superior and middle turbinate. A verti-
cal incision at the muco-cutaneous junction joins 
these two horizontal incisions, anteriorly. Poste-
riorly, the superior incision extends laterally over 
the rostrum of the sphenoid sinus at the inferior 
aspect of the sphenoid ostium, till the tail of supe-
rior turbinate, while the inferior incision extends 
along the posterior free border of the nasal sep-
tum and then laterally along the arch of the pos-
terior choana, till the tail of middle turbinate 
(Video 18.1). A strip of the mucosa between the 
sphenoid rostrum incisions contains the posterior 
septal arteries and forms a relatively long and 
narrow pedicle that facilitates a long reach and 
wide arc of rotation. It is also important to raise 
the pedicle to a level that is as close as possible 
to the sphenopalatine foramen to gain maximum 
length (Fig. 18.1). Maximal length of the flap is 
obtained by placing the anterior vertical incision 
at the muco-cutaneous junction. A wider flap 
can be harvested by placing the inferior incision 
at the lateral nasal floor in the inferior meatus, 
taking care to preserve the Hasner valve (Video 
18.2). All incisions can be modified according to 
reconstructive requirements.

The elevation of the flap starts anteriorly with 
a Cottle dissector or similar instrument. The 
septal incisions may be completed with scissors 

or other sharp instruments, as necessary. Eleva-
tion of the flap from the anterior surface of the 
sphenoid sinus is completed with the preserva-
tion of the posterolateral vascular pedicle. Once 
harvested, the flap can be stored into the naso-
pharynx or inside the antrum until the extirpative 
phase of the surgery is concluded [9]. In some 
cases, extensive sphenoidotomy is required to 
repair clival or Sternberg’s canal CSF-L, risking 
to damage HBF pedicle. In this situation, a rescue 
flap approach can be used, which consists of par-
tially harvesting the most superior and posterior 
aspects of the flap to protect its pedicle and pro-
vide access to the sphenoid. In particular, a hori-
zontal incision is performed over the surface of 
the sphenoid, at the level of the sphenoid ostium. 
This incision is continued medially over the sphe-
noid rostrum and then anteriorly into the nasal 
septum (for approximately one-third to one-half 
of the septum following the sagittal plane, paral-
lel to a line that passes through the axillas of eth-
moidal turbinates). Using an elevator, a mucosal 
flap is created by raising the mucosa immediately 
below the incision in a submucopericondrial/
subperiosteal fashion, until it is freed at the level 
of the floor of the sphenoid or choanae. A wide 
sphenoidotomy can be performed above and 
below the rescue flap pedicle, preserving the pre-
viously raised (rescue) flap [10].

The endoscopic transpterygoid approach clas-
sically involves the coagulation and transection 

Fig. 18.1 Hadad-Bassagasteguy (HBF). Sagittal view 
(cadaver specimen). The yellow dotted line shows the 
incisions to harvest HBF. NS nasal septum, FS frontal 
sinus, SS sphenoidal sinus, ET Eustachian tube, sbSPA 
septal branches of the sphenopalatine artery
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of the sphenopalatine artery (SPA) at the level 
of its foramen, adopting the contralateral HBF 
for skull base reconstruction. However, using 
some surgical tricks, the pedicle of the ipsilateral 
nasoseptal flap can be preserved during the endo-
scopic transpterygoid approach. In particular, it is 
necessary to extend the inferior mucosal incision 
laterally to the medial pterygoid plate and infe-
riorly to the sphenopalatine foramen to achieve 
maximal mobility of the vascular pedicle. Iden-
tification, coagulation and transection of the SPA 
branches are mandatory to lateralise the ptery-
gopalatine fossa content and the nasoseptal flap 
pedicle. Once the vidian nerve is sacrificed, the 
base of the pterygoid bone can be drilled with-
out injury to the vascular pedicle. In this way, 
the ipsilateral HBF is available for skull base 
reconstruction after endoscopic transpterygoid 
approach [11].

A double elevation of HBF from both the 
sides of the nasal septum is described, too [12].

Usually, silicone splints are used in the post- 
operative period to protect the denuded septum 
and facilitate the re-epithelialisation and left in 
site for 15–21 days.

The HBF has become a mainstay reconstruc-
tive option for CSF-L due to its versatility, wide 
arc of rotation, generous size and relative ease to 
harvest. Factors that may predict difficulty in rais-
ing HBF include a deviated septum, septal spurs, 
an existing perforation, and prior septal surgery. 
Furthermore, the HBF may not be available in 
revision surgeries in which it has already been 
used, in previous extended sphenoidotomy or 
pterygopalatine fossa surgery. Potential morbid-
ity exists with the use of the NSF. If the superior 
incision to harvest the flap is made too high along 
the skull base, olfactory fibres can be injured, 
resulting in hypo/anosmia. However, if the flap 
is elevated on one side, patients should have 
functioning olfactory fibres on the contralateral 
side, but potential for complete anosmia exists, 
and several patients have complained decreased 
olfaction after surgery. Moreover, nasal crust-
ing at the donor site might be present for several 
weeks after surgery [5]. The likelihood of this 
complication is considerably reduced if a sili-
cone splint is left in place for 3 weeks. The HBF 

flap, though not the only option, is the preferred 
one for the reconstruction of anterior, middle and 
posterior skull base defects, from the posterior 
wall of frontal sinus back to the clivus and from 
orbit to orbit [7]. However, the HBF may not be 
adequate for the repair of anterior defects, such 
as the CSF-L of the posterior wall of the frontal 
sinus. The posterior location of its pedicle can 
lead to tension and retraction of the flap with 
incomplete closure of the defect’s anterior bor-
der. In fact, in case of CSF-L of the posterior wall 
of frontal sinus, other flaps have been described, 
such as the one pedicled at the level of the septal 
branches of the anterior ethmoidal arteries.

18.3  Anterior and Posterior 
Ethmoidal Artery Septal Flap

The anterior ethmoidal artery septal flap (AEA 
flap or Castelnuovo’s flap) [13] is a mucosal 
flap based on the septal branches of the anterior 
ethmoidal artery, first described by Castelnu-
ovo et al. for the repair of septal perforations. Its 
harvesting includes a gentle lateralisation of the 
middle turbinate, paying attention not to frac-
ture the lateral lamella, to expose the upper part 
of the nasal septum and to gain a wider opera-
tion space. A posterior vertical incision along 
the nasal septum, following an ideal line pass-
ing through the septal projection of the superior 
turbinate’s axilla, is performed. The incision is 
started 1–2 cm below the most superior aspect of 
the septum, preserving the olfactory epithelium, 
and it is continued along the nasal floor, reaching 
the lateral wall of the inferior meatus. An ante-
rior vertical incision, parallel to the previous one, 
is carried out along the nasal septum at the level 
of the septal projection of the middle turbinate’s 
axilla, starting 1–2 cm below the cribriform plate, 
continuing along the nasal floor and reaching the 
inferior meatus. A horizontal incision on the sag-
ittal plane, along the inferior meatus, is made to 
join the most lateral aspect of the previous ver-
tical incisions (Fig.  18.2). All incisions can be 
modified and tailored to obtain a longer and a 
wider flap, according to reconstructive require-
ments. The subperiosteal/subperichondral eleva-
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Fig. 18.2 Anterior ethmoidal artery flap (AEA flap). 
Sagittal view (cadaver specimen). The yellow dotted line 
shows the incisions to harvest AEA flap. NS nasal septum, 
FS frontal sinus, SS sphenoidal sinus, ET Eustachian tube, 
sbAEA septal branch of the anterior ethmoidal artery, 
sbPEA septal branch of the posterior ethmoidal artery

Fig. 18.3 Posterior ethmoidal artery flap (PEA flap). 
Sagittal view (cadaver specimen). The yellow dotted line 
shows the incisions to harvest PEA flap. NS nasal septum, 
FS frontal sinus, SS sphenoidal sinus, ET Eustachian tube, 
sbAEA septal branch of the anterior ethmoidal artery, 
sbPEA septal branch of the posterior ethmoidal artery

tion of the flap is performed starting from the 
anterior incision.

Thanks to the anterior location of its pedicle 
and its geometry, the AEA flap can be rotated to 
repair ipsilateral CSF-L of the posterior wall of 
the frontal sinus and the frontal infundibulum 
[14], preserving the frontal sinus drainage path-
way (Video 18.3) [15]. Furthermore, this flap can 
be used to cover the exposed bone at the level 
of the posterior wall of frontal sinus after frontal 
sinusotomies that require drilling of the frontal 
sinus floor (according to Draf type IIb and III), 
reducing post-operative restenosis rate [16]. In 
literature, a mucosal septal flap supplied by septal 
branches of posterior ethmoidal artery (PEA flap) 
has also been described. Its harvesting includes 
two parallel vertical incisions along the nasal 
septum, extended along the floor of the nasal cav-
ity, reaching the inferior meatus. The anterior one 
is made along an ideal line passing through the 
septal projection of the superior turbinate’s; the 
posterior one is carried out anteriorly to the ante-
rior sphenoidal wall. A sagittal incision along 
the inferior meatus is made to connect the most 
lateral aspect of the previous vertical incisions 
(Fig. 18.3). Once harvested, the PEA flap can be 
rotated to cover ipsilateral defects of the lateral 
recess of the sphenoid sinus, due to the posterior 
location of its pedicle and its flexibility [14]. Eth-
moidal arteries-based flaps (AEA and PEA flaps) 

are easy, quick and convenient to harvest, provide 
a large coverage area with a robust blood sup-
ply and have been proved to be reliable pedicle 
flaps that can be used to repair CSF-L in certain 
cases. In particular, the AEA flap’s main indica-
tion is the management of defects of the poste-
rior wall of frontal sinus, where it represents the 
first choice. In fact, as previously demonstrated, 
the posterior location of HBF pedicle can lead to 
tension and retraction of the flap with incomplete 
closure of the anterior border of the defect. As 
described also for the HBF, various factors, such 
as a deviated septum, septal spur, existing per-
forations and prior septal surgeries, may make 
the harvesting of ethmoidal arteries- based flaps 
difficult. Similarly, nasal crusting at the donor 
site is prolonged for several weeks after surgery. 
To note, the harvesting of AEA and PEA flaps 
involves sacrifice of the septal branches of the 
sphenopalatine artery; therefore, once it is set up, 
it will not be possible to use ipsilateral HBF for 
any revision surgery.

18.4  Septal Flip-Flap

The septal flip-flap (SFF) [17] consists of muco-
perichondrium and mucoperiosteum from the 
nasal septum, and its pedicle is based on the 
septal branches of ethmoidal arteries. Its harvest-
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ing includes the removal of nasal septum muco-
perichondrium–mucoperiosteum ipsilateral to 
the defect. The septal cartilage and perpendicu-
lar plate of the ethmoid are removed. An ante-
rior vertical incision in the contralateral septal 
mucosa is performed, starting superiorly at the 
level of the posterior wall of the frontal sinus 
and carried out anteriorly, reaching the frontal 
beak, and downward reaching the nasal floor. 
A posterior vertical incision is carried out from 
the sphenoidal planum to the nasal floor. In this 
step, the septal branches of the SPA passing over 
the nasal choana are cauterised and cut. Finally, 
the two vertical incisions are connected through 
a horizontal incision back to front at the level of 
the contralateral nasal floor, including the infe-
rior meatus if necessary (Fig. 18.4).

In this way, SFF is superiorly hinged and 
freely rotated to cover the anterior skull base 
defects (Video 18.4).

Similarly, a contralateral superiorly based 
mucoperiosteal nasal septal flap, with a creation 
of window at the highest aspect of the nasal sep-
tum to allow transfer of the flap to the affected 
side, has been described in literature [18]. SFF 
is simple and quick to harvest, and it is able to 
repair huge defects of the anterior skull base 
thanks to its vascular pedicle, which is both ana-
tomically consistent and capable of supporting 

a large mucosal surface area. The origin of the 
pedicle and its geometry ensure an arc of rota-
tion that is ideal for the reconstruction of the eth-
moid roof and very anterior skull base defects, 
and it can also cover the medial orbital wall. In 
fact, SPA-based flaps, such as Hadad flap, middle 
and inferior turbinate flap, can be pulled down by 
the pedicle itself for gravitational and geometri-
cal reasons, especially in the posterior ethmoidal 
roof, where the creation of a dead space between 
the flap and the skull base could compromise the 
reconstruction [19].

The restricted indication for the reconstruc-
tion of the sella and the clivus due to the width 
of the pedicle that constrains the arc of rotation 
should be mentioned as a limitation of the flap. 
From a technical viewpoint, previous septoplasty 
and cauterisation of ethmoidal arteries for epi-
staxis or other reasons should be considered as 
restrictions precluding the use of the SFF.

18.5  Bipedicled Anterior 
Septal Flap

The bipedicled anterior septal flap (BASF) [20] 
is supplied by septal branches of the superior 
labial artery and nasopalatine artery (anastomosis 
between the sphenopalatine and greater palatine 
arteries that is transmitted through the incisive 
canal). To harvest BASF, a posterior vertical inci-
sion is made on the septal mucosa, medial to the 
natural sphenoid ostium, from the choanal arch to 
1 cm below the skull base. A second anterior verti-
cal incision immediately posterior to the incisive 
canal from the nasal floor to a line parallel to the 
top of the choanal arch is performed. After that, an 
inferior horizontal incision joins the inferior aspect 
of the posterior vertical incision and the superior 
aspect of the anterior vertical incision. A superior 
horizontal incision is carried out from the supe-
rior aspect of the posterior vertical incision to the 
superior aspect of the dorsal septum, 1 cm below 
the skull base. Finally, the anterior- most incision is 
made from the anterior aspect of the superior hori-
zontal incision to the caudal margin of the septum 
at the level of the middle septal angle (Fig. 18.5). 
A mucoperichondrial flap is elevated starting from 

Fig. 18.4 Septal flip flap (SFF). Sagittal view (cadaver 
specimen). The yellow dotted line shows the incisions to 
harvest SFF. NS nasal septum, FS frontal sinus, SS sphe-
noidal sinus, ET Eustachian tube, sbAEA septal branch of 
the anterior ethmoidal artery, sbPEA septal branch of the 
posterior ethmoidal artery
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Fig. 18.5 Bepedicled anterior septal flap (BASF). 
Sagittal view (cadaver specimen). The yellow dotted line 
shows the incisions to harvest BASF. NS nasal septum, FS 
frontal sinus, SS sphenoidal sinus, ET Eustachian tube, 
sbSLA septal branch of the superior labial artery, sbNPA 
septal branch of the nasopalatine artery

Fig. 18.6 Posterior pedicle inferior turbinate flap 
(PPITF). Sagittal view of the lateral nasal wall (cadaver 
specimen). The yellow dotted line shows the incisions to 
harvest PPITF. ST superior turbinate, MT middle turbi-
nate, IT inferior turbinate, FS frontal sinus, SS sphenoidal 
sinus, ET Eustachian tube, itbSPA inferior turbinate 
branch of the sphenopalatine artery

the anterior incision. According to its anatomic 
characteristics and its surface area of 916 mm2, the 
BASF’s main indication is the anterior skull base 
repair at the level of the posterior wall of the fron-
tal sinus. Furthermore, this flap is used to cover 
the exposed bone at the level of frontal beak or 
anterior wall of the frontal sinus after Draf type 
IIB/III, reducing the post-operative restenosis rate. 
The BASF has a lower morbidity than other septal 
flaps. In fact, the harvesting of HBF, for example, 
requires an incision anteriorly to the caudal sep-
tal margin resulting in prolonged, symptomatic 
crusting and obstruction at the level of the internal 
valve. Contrarily, the mucosa of the BAS flap is 
harvested from the postero-superior septum result-
ing in a donor site that may be less symptomatic. 
The restricted indication for the reconstruction of 
the most anterior aspect of the skull base due to 
its anterior pedicle should be mentioned as a limi-
tation of the flap. Previous septoplasty should be 
considered a contraindication to harvest the BASF.

18.6  Posterior Pedicle Inferior 
Turbinate Flap

The posterior pedicle inferior turbinate flap 
(PPITF) [21] is based on the inferior turbinate 
artery, a terminal branch from the postero-lateral 

nasal artery, which is a terminal branch from 
the sphenopalatine artery. The inferior turbinate 
is gently medialised to better expose the entire 
medial surface of the inferior turbinate and allow 
visualisation of the mucosa from the inferior 
meatus. The flap may be designed according to 
the size of the defect, but it is best to harvest the 
entire turbinate to assure adequate coverage. A 
wider flap may be harvested by extending the 
lower incision to include the lateral mucoperios-
teum of the turbinate and even the inferior meatus. 
It is best to identify first the sphenopalatine artery 
as it exits the sphenopalatine foramen and to fol-
low it distally to identify the postero- lateral nasal 
artery. Two parallel incisions are performed fol-
lowing the sagittal plane of the inferior turbinate, 
the superior one just above the inferior turbinate, 
at fontanelle level, and the inferior one follow-
ing the caudal margin of the turbinate. A vertical 
cut made along the anterior head of the turbinate 
connects the two previous incisions (Fig. 18.6). 
The mucoperiosteum is elevated starting from the 
anterior aspect of the inferior turbinate, providing 
about 4.97 cm2 of surface area [22]. Care must be 
taken to avoid injuring the vascular pedicle as it 
enters at the superior aspect of its lateral attach-
ment, approximately 1.0 and 1.5 cm from its pos-
terior tip. One disadvantage of using the PPITF 
is the formation of crusting over the inferior tur-
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binate in the post- operative period. The re-muco-
salisation of the donor site was observed after a 
period of 3–4 weeks. In addition, in patients with 
prior inferior turbinectomy or turbinate atrophy, 
the mucosal surface may have inadequate size; 
therefore, these are relative contraindications 
to the PPITF.  The use of an inferior turbinate 
pedicled flap is limited by its size and configura-
tion and is a better option for the reconstruction 
of more posterior and inferior defects such as in 
the clivus; to increase its coverage, it is possible 
to raise bilateral PPITFs (when feasible), or an 
inferior turbinate flap in conjunction with another 
pedicled flap to address larger defects.

18.7  Posterior Pedicle Middle 
Turbinate Flap

The posterior pedicle middle turbinate flap 
(PPMTF) [23] is supplied by the middle turbi-
nate branch of the sphenopalatine artery that runs 
through the posterior attachment and constitutes 
its pedicle.

Its harvesting entails a vertical incision at the 
head of the turbinate and a horizontal incision at 
the medial aspect of the middle turbinate (MT) 
mucosa, respecting the attachment to the cribri-
form plate. Subperiosteal elevation of the muco-
periosteum from the bony component is carried 
out, while the turbinate bone and attachments 
are still intact. After the bone is removed, a cut is 
made through the MT’s axilla, detaching it from 
the lateral wall of the nasal cavity and skull base. 
The incision is extended dorso-caudally along 
the sagittal plane until the mucosa is completely 
divided and unfolded in the same way as open-
ing a book (Fig.  18.7). Elevation of the flap is 
completed preserving its posterior pedicle, which 
contains the MT branch of the sphenopalatine 
artery. The pedicle, however, may be dissected 
back to the sphenopalatine foramen to increase 
its length and mobility and, henceforth, its reach 
and arc of rotation.

A significant limitation of the PPMTF is the 
technical difficulty involved with its harvesting 
due to the anatomical variability that occurs 
in 25% of subjects [24]. The most common 

anomalies include concha bullosa, paradoxical 
MT and unilateral hypoplasia. Potential com-
plications exist during PPMTF harvesting. If 
the incisions on the medial and lateral aspect of 
the turbinate are made too high along the skull 
base, the cribriform plate and lateral lamella 
can be injured, which can result in CSF-L. The 
surface area of the PPMTF is somewhat limited 
at 5.6 cm2 [23].

The superior position of the middle turbinate 
pedicle flap allows it to reach defects of the crib-
riform plate, planum sphenoidale, sella and fovea 
ethmoidalis area.

18.8  Turbinal Flap

The turbinal flap (TF) [25] consists of middle 
and superior turbinate mucosa, and it is supplied 
by the ethmoidal arteries system. Harvesting of 
the TF includes vertical incision at the middle 
turbinate’s anterior edge, from the axilla down 
to its inferior border. Subperiosteal elevation of 
the mucoperiosteal layers on both medial and 
lateral sides of the middle and superior turbi-
nates, and their common lamina is performed. 
Sectioning of the lateral mucoperiosteal layer 
close to the skull base from the anterior edge of 
the middle turbinate to the posterior insertion 

Fig. 18.7 Posterior pedicle middle turbinate flap 
(PPMTF). Sagittal view of the lateral nasal wall (cadaver 
specimen). The yellow dotted line shows the incisions to 
harvest PPMTF. ST superior turbinate, MT middle turbi-
nate, IT inferior turbinate, FS frontal sinus, SS sphenoidal 
sinus, ET Eustachian tube, mtbSPA middle turbinate 
branch of the sphenopalatine artery
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of the superior turbinate is carried out, before 
removing middle and superior concha’s bony 
framework. Whereupon, the turbinal branches 
of the SPA at the tail of the MT are cauterised 
and cut, and the posterior insertion of middle 
and superior turbinates to the skull base is 
sectioned. Finally, the lateral mucoperiosteal 
layer is rotated inferiorly (Fig.  18.8). Accord-
ing to its anatomic characteristic and its surface 
area of 8.6  cm2, the TF’s main indication is 
the anterior skull base repair at the level of the 
ethmoid roof, preserving the entire olfactory 
mucosa (Video 18.5). Conversely, the posterior 
wall of the frontal sinus and the planum sphe-
noidalis may be only partially covered by such 
flap. When the medial mucoperiosteal layer is 
sufficient for the reconstruction, harvesting of 
the TF is easier and faster. In fact, similarly to 
what described for the PPMTF, TF harvesting is 
demanding and time- consuming, and the most 
technically difficult step is the dissection of the 
lateral mucoperiosteal layer. Further limitation 
of the TF regards its thickness, as the middle 
and superior turbinates’ mucosa is very thin 
compared to the nasal septum and inferior tur-
binate. Moreover, the dissection of the pedicle 
upward to the common lamina of the turbinates 
could result in a minimal CSF leak, otherwise 
easily repairable by the flap itself.

18.9  Anterior Pedicle Lateral 
Nasal Wall Flap

The anterior pedicle lateral nasal wall flap 
(APLWF) [20] is based on branches of the facial 
(angular and lateral nasal) and anterior ethmoidal 
artery. The APLWF harvesting begins with a 
pedicle’s posterior incision, following the lac-
rimal bone, anterior to the uncinated process, 
extending posteriorly on a sagittal plane over the 
superior aspect of the inferior turbinate. A max-
illary antrostomy can be performed to facilitate 
the priory described incision, and resection of the 
middle turbinate can facilitate the incision and 
harvesting process. At the most posterior aspect 
of this incision, the SPA and its branches must 
be cauterised and cut. At the level of inferior 
turbinate’s tail, this incision joins a perpendicu-
lar incision that runs medially to cross the floor 
of the nose and reach the septum. The pedicle’s 
anterior incision is carried out from the most cau-
dal aspect of the nasal bone to the upper aspect 
of the inferior turbinate, following the pyriform 
aperture. It continues anterior to the head of the 
inferior turbinate and then intersects another per-
pendicular incision that also crosses the floor of 
the nose to reach the septum. The two horizontal 
incisions on the floor of the nose are joined by 
another sagittal incision that follows the maxil-
lary crest at the junction of the floor of the nose 
and nasal septum. The APLWF can be tailored 
according to the size of the defect, either decreas-
ing the surface area of the nasal floor (with a 
more lateral incision) or including the most infe-
rior aspect of the nasal septum mucoperiosteum 
(placing the incision higher on the nasal septum). 
A separate vertical incision over the head of the 
inferior turbinate is extended laterally to intersect 
the pedicle’s anterior incision to allow the eleva-
tion of the mucoperiosteal lining of the nasal and 
meatal sides of the inferior turbinate. The flap 
is elevated subperiosteally, and the dissection is 
continued along the medial aspect of the infe-
rior turbinate. The opening of the lacrimal duct 
is spared by curving the anterior horizontal inci-
sion around it or performing an elliptical incision 
around the opening. Once the incisions around the 
nasolacrimal duct are completed, the mucosa is 

Fig. 18.8 Turbinal flap (TF). Sagittal view of the lateral 
nasal wall (cadaver specimen). The yellow dotted line 
shows the incisions to harvest TF. ST superior turbinate, 
MT middle turbinate, IT inferior turbinate, FS frontal 
sinus, SS sphenoidal sinus, ET Eustachian tube, tbAEA 
turbinal branch of the anterior ethmoidal artery, tbPEA 
turbinal branch of the posterior ethmoidal artery
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Fig. 18.9 Anterior pedicle lateral nasal wall flap 
(APLWF). Sagittal view of the lateral nasal wall 
(cadaver specimen). The yellow dotted line shows the 
incisions to harvest APLWF. ST superior turbinate, MT 
middle turbinate, IT inferior turbinate, FS frontal sinus, 
SS sphenoidal sinus, ET Eustachian tube, bAEA branch 
of the anterior ethmoidal artery, bFA branches of the 
facial artery

elevated medially. The residual bone is removed 
(Fig. 18.9). Surgical experience and endoscopic 
skills are required to harvest APLWFs. A poten-
tial complication during APLWF harvesting is the 
opening of nasolacrimal duct. Donor site morbid-
ity includes transitory nasal crusting, which con-
tinues until a complete re- mucosalisation occurs. 
The flap dimensions are sufficient to reconstruct 
the area from the posterior wall of frontal sinus to 
the sella turcica (antero-posterior) and from orbit 
to orbit (latero-lateral).

18.10  Surgical Technique: General 
Aspects

The criterion that guides the CSF-leak repair pro-
cedure is ‘integration of the borders’. No matter 
what type of technique or flaps is used, the pre-
paratory stage of duraplasty must include appro-
priate exposure of the defect, undermining of the 
dural margins (when possible), and smoothing of 
the defect’s edges to get a tensioactive effect for 
the flap. As a general rule, meticulous manage-
ment of the tissues is required for obtaining the 
best integration, and a dedicated surgical team is 
recommended to perform the reconstruction.

The flap, which is usually either mucoperi-
chondrial or mucoperiosteal and harvested from 

the ipsilateral or contralateral nasal cavity, is put 
in place with the mucosa side facing the nasal 
cavity, and it is firmly secured by applying pres-
sure from the centre outwards, to prevent air 
from remaining trapped between the graft and 
the defect surface. Furthermore, as for any over-
lay technique, the receptor site must be stripped 
of its mucosal layer in the area that needs to be 
covered by the flap, to avoid the formation of 
mucoceles [26].

The flap has to cover all the defect area with-
out overlapping the frontal and/or sphenoidal 
sinusotomy(ies). Particular care has to be given 
to the vascular pedicle, which must not be rotated 
with acute angles or stretched out. For this reason, 
it is important to remove bony edges surround-
ing its origin, in order to allow free movements 
of the flap, thus increasing its range of motion 
and length. At last, the flap is properly fixed with 
OxiCell® and fibrin glue along the borders but, 
preferably, not under it; this avoids a gap between 
graft and receiving site.

The introduction of vascularised flaps reduced 
the rate of post-operative CSF-L from 20% to 
nearly 5% so that they have become a common 
method of closure in many skull base procedures. 
Available data refers mainly to HBF due to the 
fact that it is the most used [27]. High-flow CSF 
leaks typically benefited from the use of a vas-
cularised pedicled flap rather than a free tissue 
grafts, with post-operative success rates of 94% 
versus 82%, respectively. These results were 
partially dependent on anatomic location of the 
repair site, with superior results noted with the 
use of vascularised pedicled flaps for transclival 
approaches, whereas no clear differences were 
noted between the use of vascularised and non- 
vascularised closures in other subsites [28].

In spite of the fact that the widespread use of 
pedicled flaps has improved the outcome of dura-
plasty procedures, a reconstruction technique 
must be chosen according to some anatomical- 
mechanical factors and oncological factors. The 
anatomical-mechanical factors are linked to the 
site of the defect and its borders, since collima-
tion of the borders is very important. The three 
cranial fossae differ because of their adjacent 
structures:

18 Local Pedicled Flaps
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• In the anterior cranial fossa, the epidural 
detachment is not very difficult, over the roof 
of the orbit, and is necessary for receiving the 
extradural intracranial layer of the plasty, 
which should normally be spread out within 
the epidural space to guarantee sealing of the 
duraplasty. The olfactory fissure is an excep-
tion in this case because it is impossible to 
detach the epidural plane (olfactory foramina) 
without tearing the dura itself. In the light of 
these considerations, the reconstruction of 
olfactory fissure CSF-L is based on overlay 
technique, using graft or flap in the case of 
larger defects [29].

• In the middle fossa, the main issues are the 
optic nerve, the chiasm that is vascularised by 
the small arterial branches of the superior 
hypophyseal artery structure (in fact, the 
visual field can be harmed by even the slight-
est damage or only compression), the pituitary 
stalk (functional damage can result from 
minor trauma or manoeuvres) and the internal 
carotid artery. In this area, epidural detach-
ment must be handled very gently or even 
avoided, using the Gasket-seal closure tech-
nique, eventually covered by vascularised flap 
to provide stronger stability and promote rapid 
re-epithelialisation.

• In the posterior cranial fossa, the critical 
points encountered are where the VI cranial 
nerve passes through the dura and crosses 
the Dorello canal, and the high cerebrospi-
nal fluid flow. If these aspects are consid-
ered, it is evident that the best reconstruction 
option is the multilayer technique with 
free grafts or gasket seal covered by vascu-
larised flap, to cope with a greater force of 
gravity.

Intracranial content has to be covered with 
protective material. Two options frequently used 
are: heterologous (such as Integra DuraGen®, a 
collagen matrix) and autologous materials, such 
as fascia lata, that can be inserted intracranially 
(intradurally and extradurally).

References

 1. Hegazy HM, Carrau RL, Snyderman CH, Kassam A, 
Zweig J. Transnasal endoscopic repair of cerebrospi-
nal fluid rhinorrhea: a meta-analysis. Laryngoscope. 
2000;110(7):1166–72.

 2. Locatelli D, Rampa F, Acchiardi I, Bignami M, De 
Bernardi F, Casteltselnuovo P.  Endoscopic endo-
nasal approaches for repair of cerebrospinal fluid 
leaks: nine year experience. Neurosurgery. 2006;58: 
246–57.

 3. Castelnuovo PG, Delú G, Locatelli D, Padoan G, 
Bernardi FD, Pistochini A, Bignami M.  Endonasal 
endoscopic duraplasty: our experience. Skull Base. 
2006;16(1):19–24.

 4. Kassam A, Carrau RL, Snyderman CH, Gardner P, 
Mintz A. Evolution of reconstructive techniques fol-
lowing endoscopic expanded endonasal approaches. 
Neurosurg Focus. 2005;19(1):E8.

 5. El Sayed IH, Roediger FC, Goldberg AN, Parsa AT, 
McDermott MW. Endoscopic reconstruction of skull 
base defects with the nasal septal flap. Skull Base. 
2008;18(6):385–94.

 6. Kassam A, Carrau RL, Horowitz M, Snyderman C, 
Hirsch BE. The role of fibrin sealants in cranial base 
surgery. New York: Medscape Neurology & Neuro-
surgery; 2002.

 7. Hadad G, Bassagasteguy L, Carrau RL, Mataza JC, 
Kassam A, Snyderman CH, Mintz A. A novel recon-
structive technique after endoscopic expanded endo-
nasal approaches: vascular pedicle nasoseptal flap. 
Laryngoscope. 2006;116(10):1882–6.

 8. Baban MIA, Battaglia P, Mohammed MH, Locatelli 
D, Shawkat A, Turri-Zanoni M, Castelnuovo P. How 
to preserve the olfaction in harvesting the nasosep-
tal flap in endoscopic skull base surgery. Oper Tech 
Otolaryngol. 2020;31:7–12. https://doi.org/10.1016/j.
otot.2020.03.001.

 9. Kassam AB, Thomas A, Carrau RL, Snyderman 
CH, Vescan A, Prevedello D, Mintz A, Gardner 
P. Endoscopic reconstruction of the cranial base 
using a pedicled nasoseptal flap. Neurosurgery. 
2008;63(1):44–52.

 10. Rivera-Serrano CM, Snyderman CH, Gardner P, 
Prevedello D, Wheless S, Kassam AB, Carrau RL, 
Germanwala A, Zanation A.  Nasoseptal “rescue” 
flap: a novel modification of the nasoseptal flap 
technique for pituitary surgery. Laryngoscope. 
2011;121(5):990–3.

 11. Pinheiro-Neto CD, Paluzzi A, Fernandez-Miranda 
JC, Scopel TF, Wang EW, Gardner PA, Snyderman 
CH.  Extended dissection of the septal flap pedicle 
for ipsilateral endoscopic transpterygoid approaches. 
Laryngoscope. 2014;124(2):391–6.

 12. Nyquist GG, Anand VK, Singh A, Schwartz 
TH. Janus flap: bilateral nasoseptal flaps for anterior 

P. Castelnuovo et al.

https://doi.org/10.1016/j.otot.2020.03.001
https://doi.org/10.1016/j.otot.2020.03.001


185

skull base reconstruction. Otolaryngol Head Neck 
Surg. 2010;142(3):327–31.

 13. Castelnuovo P, Ferreli F, Khodaei I, Palma P. Ante-
rior ethmoidal artery septal flap for the manage-
ment of septal perforation. Arch Facial Plast Surg. 
2011;13(6):411–4.

 14. Mao S, Li M, Li D, Lin H, Ye H, Tang R, Su K, Zhang 
W. Septal floor rotational flap pedicled on ethmoidal 
arteries for endoscopic skull base reconstruction. 
Laryngoscope. 2019;129(12):2696–701.

 15. Bozkurt G, Zocchi J, Russo F, Pietrobon G, Kar-
ligkiotis A, Elhassan HA, Seyhun N, Bignami M, 
Castelnuovo P.  Frontal sinus preservation during 
cerebrospinal fluid leak repair. J Craniofac Surg. 
2019;30(8):763–8.

 16. Seyedhadi S, Mojtaba MA, Shahin B, Hoseinali 
K. The Draf III septal flap technique: a preliminary 
report. Am J Otolaryngol. 2013;34(5):399–402.

 17. Battaglia P, Turri-Zanoni M, De Bernardi F, Dehgani 
Mobaraki P, Karligkiotis A, Leone F, Castelnuovo 
P. Septal flip flap for anterior skull base reconstruc-
tion after endoscopic resection of sinonasal cancers: 
preliminary outcomes. Acta Otorhinolaryngol Ital. 
2016;36(3):194–8.

 18. Eviatar E, Gavriel H. Endoscopic contralateral supe-
riorly based mucoperiosteal nasal septal flap for clo-
sure of cerebrospinal fluid leak. J Neurol Surg B Skull 
Base. 2013;74:126–9.

 19. Bozkurt G, Leone F, Arosio AD, Dehgani Mobaraki P, 
Elhassan HA, Seyhun N, Turri-Zanoni M, Castelnu-
ovo P, Battaglia P.  Septal flip flap for anterior skull 
base reconstruction after endoscopic transnasal cra-
niectomy: long-term outcomes. World Neurosurg. 
2019;128:409–16.

 20. Hadad G, Rivera-Serrano CM, Bassagaisteguy 
LH, Carrau RL, Fernandez-Miranda J, Prevedello 
DM, Kassam AB.  Anterior pedicle lateral nasal 
wall flap: a novel technique for the reconstruc-
tion of anterior skull base defects. Laryngoscope. 
2011;121(8):1606–10.

 21. Murakami CS, Kriet D, Ierokomos A.  Nasal recon-
struction using the inferior turbinate mucosal flap. 
Arch Facial Plast Surg. 1999;1:97–100.

 22. Fortes FS, Carrau RL, Snyderman CH, Prevedello D, 
Vescan A, Mintz A, Gardner P, Kassam AB. The pos-
terior pedicle inferior turbinate flap: a new vascular-
ized flap for skull base reconstruction. Laryngoscope. 
2007;117(8):1329–32.

 23. Prevedello DM, Barges-Coll J, Fernandez-Miranda 
JC, Morera V, Jacobson D, Madhok R, dos Santos 
MC, Zanation A, Snyderman CH, Gardner P, Kassam 
AB, Carrau R.  Middle turbinate flap for skull base 
reconstruction: cadaveric feasibility study. Laryngo-
scope. 2009;119(11):2094–8.

 24. Perez-Pinas I, Sabate J, Carmona A, Catalina-Herrera 
CJ, Jimenez-Castellanos J.  Anatomical variations in 
the human paranasal sinus region studied by CT.  J 
Anat. 2000;197:221–7.

 25. Schreiber A, Mattavelli D, Ferrari M, Rampi-
nelli V, Lancini D, Belotti F, Rodella LF, Nicolai 
P. The turbinal flap: an additional option for ante-
rior skull base reconstruction. Cadaveric feasibility 
study and case report. Int Forum Allergy Rhinol. 
2017;7(2):199–204.

 26. Karligkiotis A, Meloni F, Herman P, Castelnuovo 
P. How to avoid mucocele formation under pedicled 
nasoseptal flap. Am J Otolaryngol. 2014;35(4):546–7.

 27. Harvey RJ, Parmar P, Sacks R, Zanation AM. Endo-
scopic skull base reconstruction of large dural defects: 
a systematic review of published evidence. Laryngo-
scope. 2012;122:452–9.

 28. Clavenna MJ, Turner JH, Chandra RK.  Pedicled 
flaps in endoscopic skull base reconstruction: review 
of current techniques. Curr Opin Otolaryngol Head 
Neck Surg. 2015;23(1):71–7.

 29. Turri-Zanoni M, Zocchi J, Lambertoni A, Giovannardi 
M, Karligkiotis A, Battaglia P, Locatelli D, Castelnu-
ovo P. Endoscopic endonasal reconstruction of ante-
rior skull base defects: what factors really affect the 
outcomes? World Neurosurg. 2018;116:436–43.

18 Local Pedicled Flaps



187

Regional Pedicled Flaps for Skull 
Base Reconstruction

Nyall R. London Jr, Ricardo L. Carrau, 
and Adam Zanation

19.1  Introduction

Among other structural functions, the skull base 
serves to separate the anterior, middle, and pos-
terior cranial fossae from the sinonasal cavity. 
Restoring this separation is a key element of 
any reconstructive technique. Advances in endo-
scopic endonasal surgery have led to the creation 
of large dural and skull base defects, requiring 
the development of appropriate skull base recon-

structive methods to prevent postoperative cere-
brospinal fluid (CSF) leak and meningitis [1]. 
While free grafting may be adequate for small 
low CSF flow defects, vascularized reconstruc-
tion with local, regional, or free flap techniques 
has become a mainstay in reconstruction of larger 
high CSF flow settings [2–4]. The most com-
monly utilized vascularized tissue transfer is the 
nasoseptal flap (NSF) [5–7]. However, in the set-
ting of a malignancy requiring oncologic resec-
tion of the nasal septum or loss of its integrity or 
blood supply from previous surgery, an NSF or 
alternative intranasal flap may not be available, 
necessitating the use of alternative reconstruc-
tive techniques [8]. A regional pedicled flap may 
be a viable reconstruction option for a sizable 
skull base defect if a NSF is unavailable. The 
most commonly utilized regional pedicled flaps 
include the pericranial and temporoparietal fascia 
flaps (TPFF). Additional regional flaps include 
the occipital, palatal, facial buccinator, pedicled 
buccal fat pad, and salpingopharyngeus flap [9]. 
In this chapter, we will describe the anatomy, 
technique, and reported outcomes with each of 
these regional pedicled flap options.

19.2  Trans-frontal Pericranial Flap

The pericranial flap has been utilized to recon-
struct skull base defects long prior to the advent 
of endoscopic techniques [10]. This flap, supplied 
by the ipsilateral supratrochlear and supraorbital 
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arteries, can readily cover defects of the anterior 
skull base, anteroposteriorly from the frontal 
sinus to the sella turcica, and laterally from orbit 
to orbit [11]. Length of the flap necessary has 
been estimated at 11–12.5 cm to cover the defects 
of the anterior skull base, 14–15.5 cm for para-
sellar defects, and 18–20.5 cm for clival defects 
[12]. While it may be feasible to reach a purely 
posterior skull base defect, one should consider 
its potential impact on olfaction rather than when 
using an alternative reconstructive option [11]. 
During open craniofacial resections, the peri-
cranial flap is easily delivered through inferior 
aspect of the supraorbital bar or craniotomy (i.e., 
below the bone grafts). Multiple techniques have 
been described for delivering the pericranial flap 
through the frontal sinus into the anterior skull 
base when the tumor resection is performed 
via an endoscopic technique (i.e., trans-frontal 
pericranial flap). These variations include the 
“mailbox slot,” “money box approach,” or nasion 
window [9, 13, 14]. Although traditionally har-
vested through a coronal incision, harvesting the 
pericranial flap through an endoscopic assisted 
technique has been reported [12, 15, 16].

To harvest a pericranial flap through a coronal 
incision, the patient is placed in a supine position, 
and the head is positioned on a horseshoe or fix-
ated with a three-pin Mayfield clamp. The hair is 
shaved or parted at the intended coronal incision 
site. If parted, the hair is displaced anterior and 
posterior to the incision with lubricating jelly, 
and it is fixed in position with staples. The head 
and face are then prepped with iodoform solution 
and draped in standard fashion.

An incision through the dermis, galea, and 
pericranium from temporal line to temporal line 
is carried with a 10 blade extending laterally over 
the superficial layer of the deep temporal fascia 
down to the level of the auricle. A scalpel, rather 
than electrocautery, is used for the incisions and 
dissection to reduce the risk of alopecia. We pre-
fer to raise the flap in a subperiosteal plane and 
harvest the pericranial flap off the galea after 
the resection is completed. This helps to keep 
the pericranial flap from desiccating during the 
remainder of the operation and yields a thicker 
flap. However, we recognize that others prefer 

raising the scalp in a subgaleal plane leaving the 
pericranium over the cranium and then elevat-
ing it off the bone before the craniotomy [17]. 
To increase the pericranial flap length, the scalp 
posterior to a coronal incision carried through the 
galea may be elevated posteriorly in a subgaleal 
plane prior to incising the pericranium.

As the subperiosteal dissection is brought 
anteriorly, the supraorbital and supratrochlear 
neurovascular bundles are identified and are 
released from the respective notches. However, in 
the presence of a complete foramen, its inferior 
aspect is opened in an inverted V fashion using 
a 2–4  mm osteotome. This allows the inferior 
mobilization of the neurovascular bundles. After 
dural reconstruction has been performed, the 
pericranial flap is mobilized through the median 
frontal sinus respecting the drainage pathways of 
the frontal sinus (for endoscopic resection and 
reconstruction) or beneath the orbital or cranial 
bone grafts (for a subcranial resection). The peri-
cranial flap reconstruction may also be reinforced 
with additional grafts such as a fascia lata graft or 
bolstered with packing inserted through the nasal 
cavity.

The pericranial flap is generally regarded as 
a robust regional flap with good outcomes. One 
study including 16 patients undergoing skull 
base reconstruction with a pericranial flap noted 
no flap failures [16]. Another study including 10 
patients undergoing pericranial flap reconstruc-
tion noted no evidence of postoperative cere-
brospinal fluid (CSF) leak and; furthermore, 
8/10 patients underwent radiation therapy with-
out subsequent flap complications [10]. A third 
study of 26 patients undergoing anterior skull 
base reconstruction noted partial or total flap 
necrosis in three patients and one case of minor 
CSF accumulation under the scalp [18]. Lastly, 
another report described a patient with delayed 
radionecrosis of the pericranial flap after proton 
therapy, corticosteroids, hyperbaric oxygen, and 
bevacizumab resulting in a CSF leak, meningitis, 
and frontal lobe herniation through the original 
skull base defect [19].

To minimize postoperative pericranial flap 
complications (trans-frontal technique), it has 
been suggested that the medial border of the flap 
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should not extend past the midline. Furthermore, 
a Draf III sinusotomy is important to avoid muco-
cele formation [16].

19.3  Temporoparietal Fascia Flap

The temporoparietal fascia flap (TPFF), based 
on the superficial temporal artery and vein and 
delivered through a transpterygoid approach, is 
another regional flap option ideal for middle or 
posterior cranial fossa defects [20, 21]. An alter-
native corridor to the anterior skull base through 
a supraorbital epidural approach has also recently 
been reported [22]. A length of 15 cm is gener-
ally regarded as the minimum required length to 
reconstruct most defects; however, a longer flap 
length may be necessary to reach the defects of 
the craniocervical junction [21].

An ipsilateral endoscopic transpterygoid 
approach is often performed prior to harvesting 
a TPFF. An incision is made through the dermis 
with a 10 blade and ultimately extended later-
ally down to the auricle (Fig.  19.1a). A scalpel 
is utilized to perform this incision as well as the 
subsequent dissection in lieu of electrocautery to 
reduce the risk of alopecia. The galea (medially) 
or temporoparietal fascia (laterally) are identified 
with sharp dissection. The dissection then contin-
ues superficial to this plane, and deep to the hair 
follicles and subcutaneous fat, with sharp dissec-
tion (Fig. 19.1b). Sharp dissection is performed 
both in an anterior as well as a posterior direction 
so as to harvest adequate tissue for reconstruc-
tion. Anteriorly, one must consider the location 
of the frontal branch of the facial nerve; thus, 
the flap is usually elevated posterior to the hair-
line. After this has been completed, an incision 
is made medially through the galea and pericra-
nium down to the frontal bone. We prefer har-
vesting and incorporating both the layers in order 
to increase the robustness of the flap. The flap is 
then raised off the bone with a periosteal eleva-
tor from a medial to lateral direction (Fig. 19.1c). 
As the dissection proceeds laterally, the super-
ficial layer of the deep temporal fascia is iden-
tified, and raising the flap continues superficial 
to this layer. The superficial temporal artery and 

vein are identified and preserved, and dissection 
continues until the pedicle has been appropriately 
optimized for rotation through the infratemporal 
fossa. An incision is then made through the super-
ficial layer of the deep temporal fascia, which is 
then dissected from the muscle following a plane 
posterior to the zygomatic arch and into the infra-
temporal fossa (Fig. 19.1d). Occasionally, a lat-
eral canthotomy may be necessary to release the 
temporalis muscle from the lateral orbital wall to 
allow for optimal transfer of the flap into the nasal 
cavity. A guide wire is introduced into the sino-
nasal cavity and a percutaneous tracheostomy 
dilators utilized to distend the corridor through 
the infratemporal fossa (Fig.  19.1e). After this 
has been achieved, the flap is tied to the guide 
wire, which is pulled through the infratemporal 
fossa and into the sinonasal cavity as the flap is 
guided externally (Fig. 19.1f). The flap can then 
be accommodated to reconstruct the skull base 
defect (Fig. 19.1g).

There are few studies analyzing the outcomes 
of the TPFF for skull base reconstruction. One 
study including seven patients (presenting four 
chordomas and three nasopharyngeal cancers) 
noted no TPFF failures [16]. The TPFF is com-
monly used for a wide range of other reconstruc-
tive purposes as a pedicled or free flap including 
auricular, orbital, laryngeal, and cutaneous onco-
logic defect repair [23–25]. A retrospective 
study of 82 cases of TPFF in 71 patients for a 
range of reconstructive purposes reported no sig-
nificant complications and a partial necrosis in 
only 2 of 82 flaps [26]. It is important to note that 
for skull base reconstruction, kinking or dam-
age to the superficial artery or vein during rota-
tion through the infratemporal fossa will lead to 
flap death. Additionally, a prior temporal artery 
biopsy or injury to the superficial artery or vein 
may compromise its vascular flow. Additional 
risks of the TPFF harvest include alopecia, given 
the plane of dissection near the hair follicles. 
Injury to the frontal branch of the facial nerve 
or the internal maxillary artery can also occur 
with this approach [16]. Use of an endoscopic 
harvest of a temporoparietal fascia flap has also 
been reported in an effort to improve donor site 
morbidity [27].
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Fig. 19.1 (a) The hair is parted and reinforced with sta-
ples. Incision is made with a 10 blade. (b) The flap is 
raised in an anterior and posterior direction using sharp 
dissection. (c) After the pericranium is raised from the 
frontal bone, the flap is transitioned to superficial to the 
superficial layer of the deep temporal fascia. (d) Incision 
is made in the superficial layer of the deep temporal fascia 

to allow for transposition of the flap into the infratemporal 
fossa. (e) A percutaneous tracheal dilator is utilized to 
enlarge the corridor through the infratemporal fossa. (f) 
The TPFF is secured to a guide wire and introduced into 
the sinonasal cavity. (g) The TPFF is then optimally 
placed to reconstruct the defect
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19.4  Occipital Flap

The occipital flap has been described for multiple 
head and neck reconstructive purposes includ-
ing the pharynx, lateral temporal bone, and scalp 
[28–30]. This flap, based on the occipital artery 
and with an average pedicle length of 8 cm, may 
be advantageous in regard to not be compromised 
by previous skull base surgery or radiation due to 
its distant location from the skull base [31]. The 
occipital flap may be ideal for the reconstruction 
of clival or middle cranial fossa defects [16, 31].

A transverse incision is made along the mas-
toid process, and the vascular pedicle is exposed 
after transecting the sternocleidomastoid, sple-
nius capiti, and longus capiti muscles [31]. One 
must be vigilant for a large tributary vein at the 
mastoid tip joining the transverse segment which 
if present must be carefully ligated so as not to 
injure the pedicle [16, 31]. The pedicle is traced 
and the galea-pericranium is incised. Some have 
suggested that in order to minimize the risk of 
damaging the pedicle, the dissection should 
proceed to a level that allows adequate rotation 
without kinking of the pedicle and that tracing 
the pedicle all the way to the external carotid 
artery is unnecessary and places the vein at risk 
[16, 31]. Once the flap is harvested, it may then 
be introduced into the sinonasal cavity through a 
transpharyngeal, transpterygoid, or prevertebral 
corridor [16, 31, 32]. In a large series of 330 skull 
base reconstructions, the occipital flap was used 
only once [16].

19.5  Oliver Palatal Flap

The palatal flap, based on the descending palatine 
artery, has been classically used for cleft palate 
reconstruction; however, the palatal flap can also 
be used for the reconstruction of defects of the 
planum, sella, and clivus [16, 33]. The Oliver flap 
is raised in a subperiosteal plane, and the greater 
palatine foramen is enlarged with a high-speed 
drill [33, 34]. A wide maxillary antrostomy is 
created and the posterior maxillary wall removed. 

The descending palatine artery is mobilized from 
the pterygopalatine canal and the palatal flap is 
then passed through the enlarged greater palatine 
foramen into the sinonasal cavity [33]. The flap 
is considered a last option in skull base recon-
struction due to its complexity and the potential 
for oronasal fistula [16, 34]. However, one study 
reported the use of the flap in two patients with 
successful results [16].

19.6  Facial Buccinator Flap

The facial buccinator flap is based on a modifi-
cation of the facial artery musculomyomucosal 
(FAMM) and buccinator flaps and can be used 
for reconstruction of defects of the anterior skull 
base [35]. First, the parotid duct is identified and 
not incorporated into the flap [36]. The anterior 
margin of the flap is approximately 1cm from the 
oral commissure and the posterior margin near 
the retromolar trigone [36]. The flap incorporates 
the mucosa, submucosal tissue, and a portion of 
the buccinator muscle [36]. To allow mobiliza-
tion into the sinonasal cavity, the proximal facial 
artery is ligated, and blood supply for the flap is 
derived from reverse flow from the angular artery 
[16]. The flap may then be pivoted at the supe-
rior gingivobuccal sulcus and delivered into the 
sinonasal cavity through a maxillary window [35, 
36]. Utilization of this flap has been reported for 
a patient with osteoradionecrosis and resultant 
anterior cranial fossa CSF leak [16, 36].

19.7  Pedicled Buccal Fat Pad Flap

The buccal fat pad flap, pedicled on the internal 
maxillary artery (IMA), may be harvested endo-
scopic endonasal after removing the posterior 
wall of the maxillary sinus. Alternatively, it may 
be harvested via a skin incision or a buccal muco-
sal incision (pedicle based on the TFA and FA). It 
can be used to reconstruct moderate size defects 
such as sellar and clival defects and the middle 
cranial fossa [37].

19 Regional Pedicled Flaps for Skull Base Reconstruction
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19.8  Salpingopharyngeus Flap 
(Dicle Flap)

The Dicle flap (named after Dicle University in 
Turkey) is a pedicled myomucosal flap supplied 
by branches of the ascending pharyngeal artery. 
The salpingopharyngeus muscle originates from 
the lateral lamina of the Eustachian tube (torus 
tubarius) and descends at the anterior margin of 
the fossa of Rosenmüller to form the salpingo-
pharyngeal fold. Its inferior aspect inserts into 
the palatopharyngeal muscle and the superior 
edge of the thyroid cartilage. It can be used to 
reconstruct the defects of the inferior clivus and 
craniovertebral junction, and for the protection 
of the petrous and paraclival segments of inter-
nal carotid artery. Caveats of this flap include 
the need for secondary healing of the donor site, 
potential Eustachian tube dysfunction, and dys-
phagia [38].

19.9  Conclusions

The most commonly used vascularized tissue 
flap for reconstruction of skull base defects is 
the NSF. However, in the setting of malignancy 
or previous surgery, an alternative regional flap 
reconstruction may be necessary. While the peri-
cranial and TPFF are the most commonly uti-
lized extranasal regional flaps, additional options 
including the occipital, palatal, facial buccinator, 
pedicled buccal fat, and salpingopharyngeus flap 
have been utilized. The pericranial and facial buc-
cinator flaps are classically described for anterior 
skull base defects while the TPFF, occipital, and 
salpingopharyngeus flaps are ideally situated for 
reconstruction of posterior or clival defects. The 
palatal flap may also be used for clival defects 
as well as for reconstruction of the sella turcica 
and planum. Many of these flaps are technically 
challenging, and the morbidity compared to alter-
native options should be weighed when selecting 
these techniques.
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Free Tissue Transfer for Orbital 
and Skull Base Reconstruction

Nyall R. London Jr, Stephen Y. Kang, 
and Sidharth V. Puram

20.1  Introduction

Microvascular free tissue transfer allows for the 
recruitment of new donor tissue from an area 
distant to the defect. This versatile technique 
is particularly useful for large tissue defects, to 
bring non-irradiated tissue into the field, revi-
sion surgery, or when alternative reconstructive 
options have been exhausted [1, 2]. The goal of 
skull base reconstruction is to recreate the sepa-

ration between the intracranial space, sinonasal 
cavity, and external environment, thus reduc-
ing leakage of cerebrospinal fluid (CSF), pneu-
mocephalus, and risk of meningitis [3]. Good 
results have been reported in open skull base 
free flap reconstruction with a 94% flap success 
rate and CSF leak and meningitis rates from 5% 
to 11.8% and 2% to 5.9%, respectively [4, 5]. 
The most commonly utilized tissue donor sites 
for skull base repair include rectus abdominis, 
vastus lateralis, anterolateral thigh, radial fore-
arm, latissimus dorsi, and osteocutaneous free 
flaps [2–7]. As with any free flap, risks include 
flap failure, wound breakdown, and donor site 
morbidity. In this chapter, we describe advances 
in endoscopic- assisted and open approaches for 
free tissue transfer reconstruction of the orbit 
and skull base.

20.2  Endoscopic-Assisted Skull 
Base Free Tissue Transfer 
Reconstruction

Advancements in endoscopic skull base surgery 
have led to the creation of large skull base defects 
of the anterior, middle, and posterior cranial fossa. 
Typically, these defects can be reconstructed with 
a pedicled local flap such as the nasoseptal flap 
or a regional flap such as a pericranial or tem-
poroparietal fascia flap [8, 9]. However, these 
reconstructive options may not be available due 
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to disease involvement or as a result of previous 
surgery. Furthermore, these reconstructive tech-
niques may fail as a result of radiation-induced 
osteoradionecrosis of the skull base. Given the 
increasing movement from open to endoscopic 
approaches for treating malignancies and dis-
eases of the sinonasal cavity and skull base, there 
is a need for refinement of endoscopic- assisted 
free flap techniques.

Endoscopic-assisted skull base free flap recon-
struction is challenging. These patients are often 
high-risk and self-selected, having undergone 
multiple prior failed locoregional resections [7]. 
Frequently, these patients may have a history of 
proton beam, radiation therapy, or infected oper-
ative fields [7]. Recipient vessels for microvascu-
lar anastomosis are often far from the defect site. 
Furthermore, these techniques have only been 
recently described, and published reports are 
typically single cases with the largest case series 
including four patients [7].

The corridor utilized for delivery of the free 
flap pedicle from the sinonasal cavity to the 
recipient vessel depends on the location of the 
defect at the anterior or posterior skull base. 
For anterior skull base defects, variations of an 
anterior maxillotomy (Caldwell-Luc) and medial 
maxillectomy have been reported to allow for 
pedicle anastomosis in the neck [7, 10, 11]. Use 
of an anterior maxillotomy for pedicle delivery 
has also been reported for the reconstruction of a 
posterior clival defect [12]. However, a transcer-
vical approach for free flap reconstruction of the 
clivus and craniocervical junction with pedicle 
delivery through a prevertebral/retropharyngeal 
plane may provide a more direct route for pedicle 
anastomosis [2, 13]. A prevertebral/retropharyn-
geal route for free flap delivery may, on the other 
hand, compromise the airway or swallowing 
function [2].

Our technique for free flap reconstruction of 
an anterior skull base defect first begins with 
meticulous debridement of the sinonasal cavity 
and anterior skull base (Fig. 20.1a, b). After the 
defect has been prepared, we then prepare the 
corridor for the free flap pedicle. This first begins 
with an endoscopic medial maxillectomy and 
removal of adjacent sinonasal mucosa to allow 

for flap adherence (Fig.  20.1c) [7]. An incision 
is then made in the gingivobuccal sulcus, and the 
anterior maxillary wall and infraorbital nerve are 
identified. A wide anterior maxillotomy is then 
performed, and the infraorbital nerve is preserved. 
We have noted that it is important to have a wide 
anterior maxillotomy and medial maxillectomy 
to allow an unhindered passage of the pedicle to 
prevent constriction [7]. A transcervical incision 
is then made, and the marginal mandibular nerve 
preserved. A vastus lateralis flap is then raised. 
We do not utilize a skin paddle to allow for the 
mucosalization of the flap within the sinonasal 
cavity. The thinned vastus lateralis flap is passed 
into the sinonasal cavity, and the pedicle is tun-
neled and passed below the marginal mandibular 
nerve (Fig. 20.1d, e). Microvascular anastomosis 
is performed in standard fashion to recipient ves-
sels within the neck (Fig. 20.1f). When situating 
the flap for skull base defect reconstruction, it is 
important to completely obliterate any dead space 
between the flap and the skull base [7]. The flap 
is then supported with non-absorbable packing 
and nasal trumpets to aid in flap adherence to the 
skull base and optimal healing (Fig. 20.1g). The 
nasal cavity is debrided on a routine basis in the 
outpatient setting ,and the flap typically muco-
salizes in the first several months (Fig.  20.1h). 
With this approach, we have experienced a high 
success rate in endoscopic reconstruction, with 
only a single instance of delayed flap failure 
(Fig. 20.2).

20.3  Orbital Reconstruction

Orbital exenteration is a common indication for 
cranial base microvascular reconstruction [3]. 
Frequently, adjuvant radiation is indicated in 
these scenarios, and optimal volume reconstruc-
tion of the orbital cavity with free tissue transfer 
is commonly performed. Our institution prefers 
a closed orbital reconstructive approach with 
optimal volume reconstruction of the orbital 
defect as described by Chepeha et al. [14]. These 
authors defined closed orbital reconstruction as 
an approach that uses free tissue to restore the 
volume to the orbit and maintain the placement 
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Fig. 20.1 Microvascular free tissue reconstruction of 
the anterior skull base. (a, b) The anterior skull base was 
debrided and osteoradionecrotic bone removed in prepa-
ration for free flap reconstruction. (c) A left endoscopic 
medial maxillectomy was performed. (d) The vastus 
lateralis flap was pulled through the left medial maxil-
lectomy. (e) The free flap is positioned against the ante-

rior skull base defect through the right nasal cavity. (f) 
Microvascular anastomosis is performed. (g) The free flap 
is supported with non-absorbable packing (white) and 
nasal trumpets (green). (h) Outpatient endoscopic three 
months post-op demonstrates a mucosalized flap. ASB 
anterior skull base, FF free flap, MS maxillary sinus, Sph 
sphenoid sinus
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a b

c d

Fig. 20.2 Free tissue reconstruction of a composite, open 
skull base defect (fronto-temporal-orbital-zygomatic cra-
niectomy, maxillectomy, orbital exenteration, and dural 
resection) using an anterolateral thigh flap. (a, b) Defect 
and soft tissue resection of an invasive squamous cell car-

cinoma extending through skull base to dura. (c) Defect 
after dural reconstruction. (d) Reconstruction with antero-
lateral thigh free flap with split thickness skin graft over 
the vastus muscle of the flap

and structure of the surrounding cutaneous tissue 
such as the brow and eyelids, if preserved [14]. 
Critical factors to consider when considering 
microvascular reconstruction include:

• Is the orbital rim intact?
• Is there an intracranial defect, i.e., dura exposed?
• Will the patient receive adjuvant radiation 

treatment?
• Is the orbital cavity a closed space?
• Will the pedicle reach the recipient vessels?

20.3.1  Reconstructive Approaches 
to Common Orbital Defects

20.3.1.1  Orbital Defect with Intact 
Orbital Rim

Our approach to this defect is to fill the volume 
of the orbital cavity with soft tissue. The keys to 
successful reconstruction of this defect are: (a) 
increased volume reconstruction of the defect in 
anticipation of flap atrophy after adjuvant radia-
tion and (b) use of adipofascial soft tissue, with-
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out muscle, which avoids flap contracture. Since 
the orbit is a closed, contained space, avoidance 
of flap atrophy in this space is critical [15]. As 
such, one of the most commonly utilized donor 
sites is the radial forearm, which can be har-
vested with a beavertail of fat that can be rolled 
and tucked into the orbital defect with the dis-
tal portion of the radial forearm utilized as the 
skin paddle. Importantly, a radial forearm free 
flap also offers the advantage of a long pedicle, 
which is necessary to reach recipient vessels in 
the neck. Another excellent option is a perfora-
tor-based rectus abdominis flap, which can be 
harvested as an adipofascial flap without muscle, 
which avoids postoperative contracture within 
the orbit. The perforator-based rectus abdominis 
flap also provides a pedicle length that is often 
>13 cm [15]. The anterolateral thigh can also be 
used although it has a shorter pedicle than the 
rectus donor site.

20.3.1.2  Orbital Defect Without 
Orbital Rim

Orbital exenteration defects that include the par-
tial or total resection of the orbital rim represents 
a common reconstructive challenge. The osteo-
cutaneous forearm is an ideal donor site for this 
defect as it permits soft tissue reconstruction of 
the orbital defect and bone that can be custom-
ized to restore the structure of the orbital rim 
[14]. This technique is well described in the lit-
erature. When greater than 30–40% of the orbital 
rim is missing, this defect may require a different 
donor site that provides greater bone length [16]. 
In these cases, the scapula/parascapular donor 
site can provide adequate bone length that can be 
cut as well as a soft tissue adipofascial skin pad-
dle that can reconstruct the volume of the orbital 
cavity [16].

20.3.1.3  Total Maxillectomy Defect 
with Orbital Exenteration

These defects present the challenge of a large 
volume defect with the need to provide bone 
reconstruction of the orbital rim and malar emi-
nence. These can be approached with two general 
approaches: (a) two microvascular free flaps or 
(b) use of the subscapular system. With the first 

approach, the total maxillectomy defect can be 
reconstructed with the fibula donor site utilizing 
the osteotomy technique described by Fritz et al. 
[17]. Often, a second soft tissue free flap, such 
as the radial forearm with beavertail, rectus, or 
anterolateral thigh flap, will be utilized to sepa-
rately reconstruct the volume of the orbital cavity 
once the orbital rim and malar eminence is recon-
structed with bone. Alternatively, the subscapu-
lar system can be utilized, harvesting the lateral 
border of the scapula with parascapular/scapular 
skin paddles and also offers the additional advan-
tage of including the latissimus dorsi paddle and 
avoiding the need for using two separate flaps. 
When using the scapula donor site for skull base 
reconstruction, we often prefer a scapular tip flap 
based on the angular artery to the scapular tip 
off of the thoracodorsal system [18]. Advantages 
of this technique include freedom and mobility 
between the latissimus skin paddle and the scap-
ular tip, avoidance of two flaps, and a long pedi-
cle that obviates the need for vein grafting [18].

20.4  Open Skull Base Free Flap 
Reconstruction

Reconstruction of open skull base defects using 
free tissue transfer represents a relatively recent 
advent in reconstructive surgery. Although a vari-
ety of pedicled-based flaps had been used in the 
past, including temporoparietal fascia or trapezius 
flaps [19, 20], these reconstructive options were 
limited by their ability to reach cranial defects as 
well as the intrinsically limited  versatility of the 
donor tissue. The widespread adoption of free 
tissue reconstruction has enabled a dramatically 
altered approach to skull base defects.

On the most fundamental level, reconstruc-
tion of open skull base defects requires a mul-
tidisciplinary effort that combines the expertise 
of a skull base neurosurgeon with a head and 
neck microvascular free flap surgeon. In an ideal 
situation, these two individuals work together 
on both extirpative surgery and the reconstruc-
tion. In our institutional experience, before inset 
of free tissue, the native wound should first be 
reconstructed with similar material to what has 
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been resected. Thus, if dura has been resected, 
we typically advocate for the application of col-
lagen matrix or a similar allograft to reconstruct 
this layer [21]. In addition to providing an addi-
tional layer of protection against CSF leak, this 
approach also adds an additional barrier against 
infection and exposure to the surrounding envi-
ronment [21]. Typically, a metal plate/mesh is 
then placed to further buttress this coverage and 
provide a layer of strength that recapitulates the 
resected bone. However, this additional cover-
age may not always be possible depending on 
the location and nature of the defect. With these 
layers in place, the microvascular team can then 
assess what free tissue may provide the best form 
of reconstruction.

20.4.1  Preparation of Recipient 
Vessels

In determining which free tissue may offer the 
best option, there are several major consider-
ations including pedicle length, consideration 
related to the defect, and tissue characteristics of 
the donor tissue, which will be the focus of the 
remainder of this chapter. In all skull base recon-
structive cases, we recommend routinely prep-
ping and draping the leg and foot for possible 
saphenous vein grafts. Prior to any free tissue 
transfer harvest, it is imperative to evaluate what 
vessels may be present and to completely dissect 
out these supplying vessels. In many skull base 
reconstructive cases, patients have undergone 
prior treatment, often including radiation, which 
adds a further layer of complexity and challenge 
to identification of vessels with adequate caliber 
and flow [22]. The superficial temporal artery 
and vein are the most common sites to be ini-
tially explored and dissected—typically through 
a superficial, preauricular approach—due to 
their relative proximity to most open skull base 
defects. However, the caliber of these vessels is 
highly variable which makes their use and reli-
ability unpredictable. In cases where these ves-
sels are not tenable, saphenous vein grafts may be 
used to connect a flap utilized at the skull base to 
the facial artery and vein at the level of the man-

dible or even the distal angular branches of the 
facial. Additional recipient vessels in the neck can 
certainly be used, but risk of anastomotic failure 
rises with an increased length in the vein graft: A 
recent retrospective review of interposition vein 
grafts in 309 head and neck free flaps (among 
6025 total flaps) revealed flap compromise and 
failure rates of 8.2% and 3.2%, with prior radia-
tion and length of graft significantly influencing 
outcomes in multivariate analyses [23].

20.4.2  Pedicle Length

The required length and caliber of the recipient 
vessels will also necessarily be defined by the 
pedicle length and caliber of the flap itself. For 
example, a radial forearm free flap (RFFF) for an 
anterior cranial defect is likely to reach the ipsilat-
eral facial artery and vein, owing to its 10–14 cm 
pedicle length. Similarly, the latissimus dorsi 
affords a relatively long 6–8 cm pedicle based on 
the thoracodorsal artery and vein, which can be 
afforded even greater length by tracing these into 
the subscapular system up to the axillary artery 
and vein. In contrast, an anterolateral thigh (ALT) 
flap or rectus abdominis flap is unlikely to pro-
vide a pedicle length longer than 5–6 cm; thus, 
requiring vein grafts if the superficial temporal 
vessels are not a viable option. Careful planning 
with regard to the recipient vessels is of utmost 
importance when selecting free tissue for skull 
base reconstruction.

20.4.3  Defect Considerations

Although pedicle length is critical when choos-
ing a flap, the nature of the defect is often the 
overriding consideration. Skull base defects 
can range from simple skin and soft tissue defi-
cits over a plate/mesh with underlying dura/
reconstructed dura to composite defects after 
fronto- temporal- orbital-zygomatic craniotomy 
with soft tissue resection. In our experience, we 
rarely utilize osteocutaneous flaps for open skull 
base reconstruction as the residual cranial bone 
is often adequate to provide structural support, 
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with the notable exception of orbital defects (see 
Sect. 20.3). Instead, we have found that the risk 
of CSF leak along with the size and depth of the 
defect remains primary considerations. In cases 
where CSF leak is a concern due to resection 
of the dura, we strongly advocate overlying the 
defect with muscle [24]. Typically, an anterolat-
eral thigh free flap can be harvested to provide for 
adequate muscle coverage from the vastus late-
ralis with an overlying fasciocutaneous paddle. 
If residual skin remains that allow adequate clo-
sure, then a muscle only vastus lateralis free flap 
may be utilized (see ‘Sect. 20.2). The rectus and 
latissimus dorsi flaps serve as an alternative to the 
ALT when muscle is needed, but generally the 
bulk of these flaps precludes routine use in small 
to medium sized skull base defects. In contrast, if 
a defect merely requires coverage (e.g., over allo-
plastic plate or mesh), then the RFFF offers versa-
tile fasciocutaneous tissue that may be contoured 
to most defects, while maintaining full coverage 
of hardware and a generous pedicle length [25]. 
In cases where patients may be receiving postop-
erative adjuvant radiation therapy, this vascular-
ized tissue coverage is critical to preventing plate 
exposure and hardware extrusion.

20.4.4  Flap Donor Tissue Qualities

The final major consideration in free tissue 
reconstruction of open skull base defects relates 
to the intrinsic tissue qualities of the donor flap. 
As mentioned, osteocutaneous flaps are rarely 
used in this context because bone is not usually 
needed and because the soft tissue component of 
osteocutaneous flaps has limited size and mobil-
ity (with the exception of a scapula system-based 
flap). Thus, fasciocutaneous (e.g., RFFF) and 
myofasciocutaneous (e.g., ALT, rectus) flaps tend 
to be major workhorses for skull base defects. 
Because RFFF can provide thin, pliable fascia 
and skin that has adequate diameter, these tissue 
qualities favor its use in cranioplasties when cov-
ering hardware [25]. In contrast, an ALT can be 
harvested to 25 × 8 cm with primary closure in 
most individuals and offers an even larger skin 
paddle, if required, with the additional benefit 

of associated vastus lateralis muscle. The tis-
sue quality of the ALT is highly variable in an 
individual based on their BMI and age [26, 27], 
with some patients having ALT flaps that mimic 
a RFFF while in others a significant component 
of subcutaneous fat is present and leads to sig-
nificant thickness of the ALT.  For large scalp 
defects that may about the skull base, the latis-
simus dorsi offers a broad swath of muscle with 
excellent coverage that will eventually thin over 
time after denervation. This flap can be covered 
with a skin graft to accelerate healing, acellular 
regenerative materials such as Integra, or left to 
granulate and heal by secondary intention. In 
contrast, for deep defects, the rectus abdominis 
flap has intrinsic qualities of tissue bulk owing to 
the thick dermis, substantial subcutaneous tissue, 
and associated rectus muscle. Cranial defects 
that extend to the supra-orbital region may ben-
efit from a bulky flap such as the rectus, which 
can provide coverage as well as replenish the lost 
orbital volume. Clearly, the intrinsic tissue quali-
ties of each reconstructive option are important 
considerations when choosing a flap.

It should be clear that choice of free tissue 
for open skull base reconstruction cannot be 
approached in an algorithmic fashion. We rec-
ommend thoughtful consideration of the above 
factors—pedicle length, defect size and quality, 
and donor flap tissue features—as the main driv-
ers of this decision. We have found that careful 
discussion with other head and neck reconstruc-
tive surgeons is particularly helpful, given the 
complexities and nuances associated with these 
cases. Importantly, in the vast majority of cases, 
free flap elevation can proceed in parallel with 
the primary ablation once the defect is defined. 
However, it is imperative to confirm adequate 
vessels are available prior to harvesting the flap 
and the initiation of ischemia. One of the major 
challenges within this field remains the small and 
rare nature of these cases, which severely pre-
cludes meaningfully powered prospective and 
even retrospective review of outcomes. As cen-
ters of excellence increasingly develop and foster 
expertise in skull base surgery, it will be impera-
tive to conduct multi-institutional studies to fur-
ther add objectivity to this important area.
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20.5  Conclusions

Free tissue transfer reconstruction of the skull 
base and orbit through endoscopic-assisted open 
approaches is particularly useful for large defects, 
to bring non-irradiated tissue into the field, revi-
sion surgery, or when alternative reconstructive 
options have been exhausted. In the setting of a 
maxillectomy, orbital exenteration, skin involve-
ment, or large tissue defect, an open approach for 
reconstruction may be indicated, and these tech-
niques were addressed here. When defects are 
localized to the skull base, endoscopic-assisted 
approaches may be useful to attain the benefits 
of free tissue transfer and avoid some of the mor-
bidity of an open approach. Endoscopic-assisted 
approaches are continuing to be refined and with 
time, larger outcome studies with these tech-
niques can be performed.
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Repair of Cerebrospinal Fluid 
Leaks of the Anterior Cranial Fossa

Alhanouf Alqabbani, Abdulaziz A. AlQahtani, 
and Paolo Castelnuovo

21.1  Surgical Approaches 
and Exposure

21.1.1  Frontal Sinus Wall Defect

The frontal sinus wall defect is one of the most 
difficult areas to repair endoscopically. The two 
main goals of frontal sinus wall defect repair 
are reliable repair of the skull base defect and 
maintain patency of the frontal sinus [1]. It was 
suggested by Woodworth et  al. to divide fron-
tal sinus CSF leaks into three types based on 
the anatomic site of the defect: (1) those imme-
diately adjacent to the frontal recess, (2) those 
with direct involvement of the frontal recess, and 
(3) those located within the frontal sinus proper 
[1]. This anatomic classification can determine 
the surgical approach required which includes 
exclusive endoscopic, endoscopic-assist, and 
external approaches.

Endoscopic access to the site of CSF leak 
in frontal sinus is improved with the usage of 
angled scope and properly designed instruments. 
To get access to the defect, all air cells of the 
frontal sinus outflow tract, such as agger nasi 
cells antero-laterally or suprabullar cells poste-
riorly, must be removed to increase the chance 
of long- term frontal sinus patency. Preserving the 
mucosa surrounding the outflow tract, but not sur-
rounding the defect, will also increase long-term 
patency as stripping the mucosa will ultimately 
lead to scar tissue formation. Anterior ethmoid-
ectomy and skull base skeletonization will pro-
vide adequate exposure to the posterior aspect 
of frontal recess. The extent of frontal sinoso-
tomy is determined based on the location of the 
defect. It should be individualized for each case 
using escalating approach. A Draf 2A/2B fron-
tal sinusotomy is usually used when the recon-
struction involves areas anterior to the anterior 
ethmoidal artery and medial to an imaginary line 
along the lamina papyracia (Fig.  21.1). Endo-
scopic Modified Lothrop Procedure (Draf 3) is 
indicated when the defect is within a higher and 
lateral position in the frontal sinus proper. This 
wide exposure is needed to allow proper instru-
mentations, facilitates the flap/graft placement, 
and ensures a functioning frontal cavity [2]. Far 
lateral frontal sinus defect is mostly difficult to 
access endoscopically. Therefore, an osteoplastic 
flap or endoscopic-assist frontal trephination is 
required.
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21.1.2  Ethmoid Roof and Olfactory 
Cleft Defect

Ethmoid roof defect can be approached with 
standard trans-ethmoid endoscopic approach. For 
adequate exposure, complete anterior and poste-
rior ethmoidectomy is usually indicated [3].

Olfactory cleft CSF leak is one of the chal-
lenging sites to repair because of narrow work-
ing space and poor visualization. It is accessed 
through direct paraseptal approach. Tow tech-
niques are usually used to access and reconstruct 
the olfactory cleft defect: (a) middle turbinate 
resection technique (Fig.  21.2) and (b) middle 
turbinate preserving technique (Fig. 21.3) [4, 5]. 
For both techniques, anterior and posterior eth-
moidectomy with or without sphenoidotomy is 
usually needed. It allows adequate lateralization 
of middle turbinate if the surgeon decided to use 
the preserving technique. Middle turbinate resec-
tion is the technique of choice for the authors, 
especially when the defect extend lateral to the 
middle turbinate attachment or for narrow olfac-
tory cleft. The middle turbinate is removed with 
the entire lamella of the ethmoturbinals to obtain 

Fig. 21.1 Computed tomography, coronal view of frontal 
sinus with dotted red line that split frontal sinus proper 
into medial and lateral compartment

a b c

Fig. 21.2 Schematic drawing showing repair of olfactory 
cleft CSF leak. Small meningocele is shown in (a). Middle 
turbinate is resected up to the cribriform plate and the 

mucosa around the defect is stripped (b). The graft is 
applied over the defect and extended over the septum and 
ethmoid roof (c)

A. Alqabbani et al.
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a b
Fig. 21.3 Schematic 
drawing showing repair 
of olfactory cleft CSF 
leak with middle 
turbinate preservation. 
After ethmoidectomy, 
middle turbinate is 
lateralized for better 
exposure of the defect 
(a). The graft is applied 
in an inverted U-shape 
fashion (b)

a smooth surface for the proper implantation of 
the graft. Here, the muco-periosteal layer of mid-
dle turbinate can be used for grafting by furnish-
ing it over the upper nasal septum, cribriform, 
and fovea ethmoidalis [4].

21.2  Reconstruction Technique

21.2.1  Preparation of the Defect Site

21.2.1.1  Resection of Meningocele/
Meningoencephalocele

It is important to amputate the herniated menin-
ges and encephalocele to reach the bony defect 
of skull base. It cannot be pushed back to the 
intra-cranium, as it has a risk to increase the 
intracranial pressure, induce CNS infection, and/
or herniate again [6]. The prolapsed brain tissue 
is non-functioning brain parenchyma that is safe 
to be resected [7]. Radiological images includ-
ing CTA and MRA are of paramount importance 
to investigate the presence of vascular struc-
tures looping within the herniated part. Medial 
Orbito-Frontal Artery (MOFA) is a branch of A2 

segment of the anterior cerebral artery that runs 
around the gyrus rectus of the inferio-medial 
surface of frontal lobe and can be present within 
the encephalocele. Presence of vascular structure 
may necessitate an open craniotomy for proper 
hemostatic control. Meningocele/meningoen-
cephalocele is usually resected by using bipolar 
electro-cautery and sharp dissection or by using 
tissue ablation devices. Powered instrument like 
microdebrider must not be used to evacuate the 
encephalocele. It is important to resect the her-
niated portion till the bony edges are delineated, 
and the meninges are retracted above the defect.

21.2.1.2  Demucosalization
The one most important step in reconstruction 
is to avoid mucosal entrapment between graft/
flap and the defect. The surgeon should remove 
the mucosa surrounding the defect for at least 
3–5  mm [8]. Mucosal entrapment between the 
graft/flap and the defect can affect the graft sta-
bility and healing. Also, it may lead to mucocele 
formation as a late complication [9]. Bleier et al. 
reported a 3.6% mucocele rate after CSF leak 
repair using the vascularized flap. Verilaud et al. 

21 Repair of Cerebrospinal Fluid Leaks of the Anterior Cranial Fossa



208

and Di Rocco et al. have reported an incidence of 
mucocele formation after skull base reconstruc-
tion in pediatric population at 50% and 14%, 
respectively [10, 11]. The higher incidence in 
younger age group is mostly related to the grow-
ing and developing sinuses with age.

21.2.1.3  Smoothing of Bony Margins
During the formation of encephalocele, the bony 
edges of the defect tend to evert over time. It is 
necessary to remove and smoothen the edges 
and any bony projections around the defect. 
This maneuver often worsened the CSF leak 
and increases the size of defect, but it is critical 
to obtain an eventual delineated ground for the 
graft/flap. Diamond burr drill is usually used to 
achieve this step. Care must be taken not to over 
widen the defect or create another one.

21.2.1.4  Dura Undermining
In large size defects and in case of a multi-layer 
reconstruction in ethmoidal and frontal sinus 
defects, the dura should be undermined care-
fully to create a subdural space. This step is 
important for applying the intracranial extradu-
ral layer. About 3–5  mm space all around the 
edges is considered enough. Angled elevator is 
usually used to execute this step. Area like cribri-
form plate cannot be undermined because of thin 
bone, adherent dura, and presence of olfactory 
filaments penetrating the plate. In other areas like 
fovea ethmoidalis, around the anterior ethmoid 
artery, undermining the dura necessitates electro- 
cautery and incising the artery.

Finally, when local flap is used for reconstruc-
tion, involved sinus walls should be marsupial-
ized, and any sharp bony edges along the way 
have to be removed. This will allow the flap to 
contour the walls of the cavity from the origin of 
the pedicle to the reconstruction site [8].

21.2.2  Single Layer vs. Multilayer 
Technique

The goal of defect repair is to create stable scaf-
fold for rapid ingrowth of granulation and re- 
epithelialization by sinonasal mucosa [12]. Repair 

with single layer such as free mucosal graft can 
be successfully utilized in simple, small defect 
<10 mm [8]. It is typically applied for cribriform 
plate defect with a reported success rate of 94.9% 
[5]. Acellular dermal allograft, AlloDerm, has been 
used as a single-layer graft to repair large defects 
(2 cm) with little or no additional morbidity. A sin-
gle piece of AlloDerm is positioned intracranially, 
with the margins of the graft material extending 
extracranially, to overlay the bony margins of the 
defect [12]. However, multilayer repair decreases 
the risk of recurrence of CSF leak, and poten-
tially minimizes pneumocephalus with reported 
success rate of >90% [13, 14]. Multilayer repair 
includes combination of different planes of graft/
flap placement, i.e., underlay/overlay and different 
combination of graft materials: autologous, non-
autologous, and vascularized flap.

21.2.3  Underlay Vs. Overlay 
Technique

21.2.3.1  Underlay Technique
The graft is placed in the subdural and/or epi-
dural spaces. Different options of graft materials 
can be used as an underlay layer. Bone or carti-
lage cannot be utilized as a first layer and should 
not be in direct contact with the brain. It is rec-
ommended to make the underlay graft one third 
larger in diameter than the defect proper as this 
works to compensate for shrinking of the graft 
during healing [15].

21.2.3.2  Overlay Technique
The graft/flap is placed extracranially over the 
bone. One should be vigilant not to leave sino-
nasal mucosa between the graft/flap and the bone 
[15]. It is recommended that the layer must cover 
leak margins by at least 5 mm [16].

Underlay and overlay techniques are frequently 
combined, especially when large dural defect 
exist. It can be done with two-grafts technique or 
three-grafts technique as described by Castelnu-
ovo et al. [4]. In two-grafts technique, one graft 
is inserted under the skull base defect between 
the bone and the dura and the other placed as an 
overlay. In the three-graft technique, the first graft 
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is inserted deep to the dura (intracranial and intra-
dural), the second one inserted between bone and 
dura (intracranial and extradural), and the third 
placed as an overlay (extracranial).

Other techniques for leak repair include sutur-
ing the dura mater under endoscopic visualization 
as described by Cukurova et al. [3]. Tension-free 
closure is required for this technique, and it is lim-
ited to large bony defects with small dural defects.

21.3  Use of Supporting Materials

Supporting materials is commonly used to increase 
stability of the graft/flap. There are no standardized 
recommendations about the material option or the 
duration. Options may vary, and it includes absorb-
able, non-absorbable inflatable packs or balloon of a 
Foley’s catheter. In case of Foley’s catheter, the bal-
loon has to be inflated under endoscopic visualiza-
tion (usually about 20 ml required). Over inflation 
should be avoided as this can cause displacement 
of the reconstruction and/or compression of the 
vascular pedicle. The balloon may be deflated after 
a few days and subsequently removed at about 1 
week post surgery [8]. Rigid silicon sheet is another 
option that can be used as an inverted “U” and held 
in place by nasal packing [16].

Tissue sealants such as fibrin matrix and syn-
thetic compounds are available and can be applied 
around the graft to secure it [17]. Use of sealants 
is thought to increase the adhesion of the graft and 
prevent the need for nasal packing [18]. However, 
there is an argument that it is not required and 
merely contributes to unnecessary surgical costs. 
Eloy et  al. reported no statistically significant 
difference in recurrence CSF leakage between 
two groups of patients with high-flow CSF leaks 
where in one group dural sealant was used and 
the other group was not [19]. Finally, absorbable 
gelatin sponge or oxidized regenerated cellulose 
is frequently used to separate the graft from the 
packing material. It helps to prevent avulsion of 
the graft or flap during pack removal [18].

21.4  Repair of Defects Following 
Skull Base Resection

Repair of defects following skull base resection 
is challenging not only because of the size of 
the defects but also because of the lack of sup-
porting structures, the effects of gravity, and 
high-flow CSF leak [20]. When dealing with 
tumors encroaching the anterior skull base, 
the ethmoidal roof and cribriform plate are 
completely removed unilaterally or bilaterally, 
based on the extension and histology of the 
tumor [21]. Endoscopic endonasal transcrib-
riform resection of anterior skull base tumors 
results in large skull base defects that often 
extend from the posterior wall of the frontal 
sinus to the tuberculum sellae in the sagittal 
plane, and from one medial orbital wall to the 
other in the coronal plane [22, 23]. Repair of 
such large defect necessitates multilayer recon-
struction and vascularized flap, which have 
better result compared to other reconstructive 
options. Multilayer reconstructions with vas-
cularized flaps have reduced postoperative CSF 
leak rates of between 5% and 10% [14]. Hun-
dred percent success rate has been reported in 
some case series with multilayer reconstruc-
tion after endoscopic skull base resection [24]. 
Multilayer reconstruction with grafts is only 
another successful method as mentioned ear-
lier (Fig. 21.4) [4].

In cases of unilateral ethmoid roof resection 
without removal of the crista galli, there is no 
horizontal bony edge medially to support and 
hold the graft. Therefore, the medial graft edge 
should run superiorly against the falx cerebri. 
If bilateral olfactory fossa resection with the 
removal of crista galli is indicated, then it allows 
the subdural graft to be supported on the contra-
lateral ethmoid roof [8]. As mentioned earlier, 
the intradural graft should be 30% larger than the 
dural defect to secure all edges during manipu-
lation of the subsequent layer and to overcome 
delayed graft shrinkage [25].
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a b

Fig. 21.4 Multilayer reconstruction after endoscopic skull base resection is shown in this schematic drawing. Two to 
three layers are applied to seal the leak as demonstrated in the coronal and sagittal view (a, b)
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Repair of Cerebrospinal Fluid 
Leaks of the Middle Cranial Fossa

Joao Paulo Almeida, Vijay K. Anand, 
and Theodore H. Schwartz

22.1  Introduction

The management of skull base pathology has been 
significantly impacted with the development of 
endoscopic skull base surgery [1–5]. When per-
formed by experienced teams, this technique has 
been associated with improved tumor resection 
rates and an overall lower rate of complications 
if compared to classic transcranial approaches 
in selected cases [6–14]. Endoscopic endona-
sal approaches (EEA), however, also have their 
limitations, such as difficult maneuverability in 
certain areas, 2D visualization, and difficulties 
in skull base reconstruction. Further understand-
ing of skull base anatomy and the development 

of new surgical techniques, instruments, and 
high-definition/3D endoscopes have contributed 
to overcome some of those challenges. However, 
cerebrospinal fluid (CSF) leakage still is reported 
after EEA [15–19].

In the early phase of EEA, CSF leaks were 
considered one of the most important limita-
tions of extended approaches. At that time, 
reconstruction after extended approaches relied 
on non- vascularized flaps (mucosal grafts, fat 
grafts, fascia lata, dura substitutes), and high 
CSF leak rates (20–50%) were not uncommon 
[16–20]. The rise of the vascularized nasosep-
tal flap (Hadad-Bassagasteguy) significantly 
changed the outcomes associated with skull 
base reconstruction and is considered a land-
mark in the modern age of EEA (after 2006) 
[21]. In the last 10 years, additional techniques 
have been reported, such as the gasket seal [22–
24] and button [25, 26] techniques, as well as 
the use of fluorescein for identification of CSF 
leaks [17, 27–30] and protocols for the use of 
lumbar drains for management of CSF leaks in 
endoscopic cases [15, 18, 31]. Those have fur-
ther improved the rates of postoperative CSF 
leak and, therefore, outcomes of endoscopic 
surgery.

Management of CSF leaks may be performed 
with the use of different techniques and mate-
rials [32, 33]. Adequate selection should take 
into consideration the location and severity of 
the leak as well as patient characteristics (body 
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mass index—BMI, sleep apnea, previous surger-
ies) [16]. As a general rule, treatment selection 
aims to minimize morbidity while achieving 
maximum efficacy in the reconstruction of the 
skull base. In the current chapter, we discuss dif-
ferent techniques for management of CSF leaks 
after EEA in the sella, suprasellar, and lateral 
sphenoid sinus regions. A management protocol 
is presented, and surgical videos are included to 
illustrate some of the techniques here described.

22.2  Repair of Skull Base After 
Trans-sellar Approach 
for Pituitary Adenomas

22.2.1  Surgical Exposure (Fig. 22.1)

The technique used in our center has been previ-
ously described and has undergone some minor 
modifications since those earlier papers [34, 
35]. Our philosophy has been to adopt different 
approaches according to the extent of the tumor 
and chance of CSF leak [16]. If the tumor is a 
large macroadenoma with >2  cm of suprasel-
lar extension, then a lumbar drain is placed, and 

0.2 ml of 10% fluorescein (AK-Fluor, AKORN) 
is injected in 10 ml of CSF to help visualize CSF 
leaks. Likewise, for these large tumors with high 
chance of a large leak, a vascularized nasosep-
tal (NS) flap based on the posterior septal artery 
is raised. If a flap is likely to be used, then the 
mucosa of the sphenoid must be removed to pre-
vent a mucocele. Direct contact of the flap to 
the sphenoid bone is necessary for optimal skull 
base reconstruction. If mucosa is left between the 
flap and the bone, there is a chance of subopti-
mal closure and postoperative leak, as well as a 
chance of development of postoperative sphenoi-
dal mucoceles [36]. The flap, besides useful for 
skull base reconstruction, is also important as a 
substitute for the sphenoidal mucosa. It facilitates 
re- epithelization of the sphenoidal sinus and min-
imizes chances of crusting and infections [37].

If a flap is not being used, then maximal pres-
ervation of the mucosa is the goal. The naso-
ciliary beat frequency and the properties of the 
mucus layer are important in the defense against 
upper airways infections [38, 39]. Therefore, dis-
turbance of the integrity of the nasal mucosa may 
impair the physiology of the nasal cavity and 
lead to olfactory changes, delayed surgical heal-

a b

Fig. 22.1 Surgical exposure for sellar and suprasellar 
lesions. (a) Skull base exposure after a wide sphenoidot-
omy allows identification of the planum, tuberculum, 
sella, and clival recess in the midline; paramedian struc-
tures include the optic canals (OC), lateral optic carotid 
recesses (LOCR), clinoid segment of the internal carotid 

artery (cICA), and paraclival segment of the internal 
carotid artery (pICA). Copyrights: Joao Paulo Almeida, 
MD. (b) Dura exposure of the sella and suprasellar lesion 
after an extended transtuberculum transplanum approach. 
Copyrights: Joao Paulo Almeida, MD
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ing, crusting, and sinusitis. Maximum preserva-
tion of the mucosa is recommended, and surgical 
techniques have been developed with the goal of 
minimizing mucosa disruption and/or substitut-
ing the resected mucosa with autografts.

22.2.2  Graded Reconstruction Based 
on the Severity of the Leak

Techniques for skull base reconstruction are 
selected according to the characteristics of the 
lesion, location, and severity of the leak [16, 40].

22.2.2.1  No Leak: Nothing Vs Surgicel 
Vs Gelfoam

This group of patients has a very low risk rate 
of postoperative CSF leak and therefore requires 
a less complex reconstruction. In theory, if no 
intraoperative leak were observed, there would 
be no need for reconstruction. However, intra-
operative CSF leak is not always clearly iden-
tifiable, and CSF leaks may still develop after 
surgery, secondary to a new tear in the thinned 
diaphragm/suprasellar arachnoid layers. Our 
group has analyzed and demonstrated the bene-
fits of intrathecal fluorescein for the identification 
of intraoperative CSF leaks and reconstruction of 
skull base defects. Fluorescein has been injected 
routinely in a large series of cases, via lumbar 
puncture or lumbar drain, for the identification 
of CSF leaks, with sensitivity and specificity of 
92.9% and 100%, respectively [17]. This has 
contributed to our management of CSF leaks and 
to the development of our institutional protocol 
for skull base reconstruction. The most com-
mon techniques for closure in cases of pituitary 
adenomas with no CSF leak include the use of 
Surgicel, Gelfoam, and/or free mucosal grafts. 
The results of simple closure of the sellar defect 
with Surgicel have been reported in microscopic 
and endoscopic series. Seda et  al. describe the 
effectiveness of a layer of hemostatic agents in 
the sella, in cases that did not have a CSF leak 
(no postoperative leak observed in those cases 
in that study) [41]. Recently, Varma et  al. [42] 

reported the results of Surgicel for reconstruction 
in 150 patients who underwent EEA and had no 
intraoperative CSF. No additional material (Gel-
foam, fascia lata, dura substitute, or sealant) was 
used. Two patients (1.3%) had a postoperative 
CSF in this cohort. The authors concluded that 
this technique is effective in patients undergoing 
endoscopic resection of sellar masses. Another 
material used in those cases is free mucosa grafts 
[32, 43, 44]. As reported by Kuan et al. in 2018, 
this technique has been safe and effective in most 
of those patients (postoperative leak rate: 0.9%) 
[44]. The current Weill Cornell protocol for skull 
base reconstruction [16] considers pathologi-
cal characteristics, locations, and expected CSF 
leak flow for technique and material section. For 
sellar tumors (pituitary adenomas/Rathke’s cleft 
cyst/intrasellar craniopharyngiomas) <2.5 cm in 
diameter or with <1  cm suprasellar extension, 
lumbar drain and vascularized flaps are generally 
not used. Cases with no CSF leak are closed with 
Gelfoam (Pfizer) for hemostasis. While we used 
to use a MEDPOR (Porex Corp.) buttress placed 
as an inlay, covered with DuraSeal (Covidien) or 
Adherus (Surgical one), we no longer feel that a 
buttress is required in this situation. The sealant 
is used in cases where there is a small, unappreci-
ated CSF leak that may lead to a postoperative 
leak. Following this protocol, no postoperative 
CSF leaks have been observed in a cohort of 126 
patients [16]. Other groups have used a simi-
lar technique, with good results. The protocol 
reported by Conger et al [45] favored the use of 
collagen sponge over the gland and arachnoid fol-
lowed by repositioning of the sphenoid mucosa 
and then a final layer of collagen sponge over the 
sella, for skull base reconstruction in cases of sel-
lar tumors with no intraoperative CSF leak. Fat 
graft was recommended in cases with large sel-
lar dead space, and a rigid buttress (MEDPOR or 
vomer) was used in selected cases, such as those 
with BMI > 30 kg/m2. No postoperative leak was 
observed in those patients in this study. Ruggeri 
et al. in 2019 reported the use of collagen matrix 
and fibrin glue for those cases with no postopera-
tive CSF leak reported in this subgroup [46].
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22.2.2.2  Small Weeping Leak: 
Gelfoam Vs Fat Graft with or 
Without Buttress with or 
Without Nasoseptal Flap

In our experience, cases with low-flow leaks (i.e., 
small “weeping” leak, confirmed by Valsalva 
maneuver, without obvious or with only small 
diaphragmatic defect) [40] are closed with Gel-
foam, Alloderm, or a fat graft and a MEDPOR 
buttress followed by sealant covering the recon-
struction. Patients are kept in bed for 24 h with 
the head of the bed at 30°. No postoperative CSF 
leaks have been observed with the use of this 
technique [16]. Lumbar drains and/or vascular-
ized flaps are not used for those cases, and this 
has not affected the outcomes in our institution. 
A nasoseptal flap can be used in these cases, but 
it is probably not necessary. It is our preference 
to avoid the use of vascularized NS flaps in those 
cases to minimize nasal morbidity (olfactory dys-
function, crusting, delayed healing). A similar 
management strategy has been applied by other 
groups [45], with a similar rate of success. The 
systematic review published by Soudry et al. [32] 
reported an overall 93% success reconstruction 
rate for sellar tumors. Studies that performed 
reconstruction based on free graft/biomaterials 
had a successful reconstruction in 87–100% of 
cases, while those who used a vascularized NS 
flap had success rates of 94–100%. A system-
atic review published by our group demonstrated 
similar results, with an overall postoperative CSF 
leak of 5.6% in patients who underwent EEA for 
pituitary adenomas [16].

22.2.2.3  Large Arachnoid Tear: Fat 
Graft or Duraform with or 
Without Floor 
Reconstruction with or 
Without Nasoseptal Flap

Patients with large macroadenomas (>2.5 cm; 
>1  cm suprasellar extension) may present with 
high-flow CSF leaks after tumor resection, sec-
ondary to opening of suprasellar cisterns. Dif-
ferently from the other patient groups reported 
above, this group of patients is usually managed 
with use of a vascularized nasoseptal flap. Our 
current technique relies on a multi-layer recon-

struction that includes a fat graft or Alloderm 
covered with a nasoseptal flap, and then a sealant 
to keep the flap in place [16, 23]. While we used 
to use a MEDPORE buttress, we have moved 
away from the use of MEDPORE since it can 
be extruded, and the flap is usually adequate to 
hold the fat or Alloderm in place. Additionally, 
a lumbar drain is placed at the beginning of sur-
gery and kept for 24 h, draining at a rate of 5 
mL/h. The drain is removed in the evening on 
the first postoperative day, and patients are mobi-
lized on the second postoperative day. This pro-
vides 12 h for the small lumbar dural puncture 
hole to close prior to ambulation and allows early 
mobilization of the patients. In circumstances in 
which a high- flow leak is expected but none is 
observed, we place only Gelfoam or Alloderm in 
the sella rather than fat, and although the naso-
septal flap is still used because it was harvested 
at the beginning of the procedure, the lumbar 
drain is removed immediately after the opera-
tion. The vascularized nasoseptal flap may not 
be available in cases of reoperations. In those 
cases, a non- vascularized graft (fascia lata) may 
be used although results may be slightly inferior 
(87–100% of success vs 94–100% success) [32]. 
As previously reported [47], the use of a vascu-
larized nasoseptal flap has been associated with 
a significantly lower rate of CSF leak (2.4% vs 
0% for pituitary adenoma surgery). Although the 
impact of the combined use of rigid reconstruc-
tion, vascularized flap, and lumbar drain is not 
clear, our experience has demonstrated that this 
technique has been associated with excellent out-
comes and no additional complications. In fact, 
the application of our reconstruction protocol at 
Weill Cornell has virtually eliminated postop-
erative CSF leaks after pituitary adenoma sur-
gery [15, 16, 24, 27, 28, 47]. Other groups have 
reported different techniques [3, 25, 38, 40, 45, 
48]. A multi-layer reconstruction with the use of 
vascularized flap but no rigid reconstruction has 
been commonly reported for the management of 
pituitary adenomas with high-flow leak. Paluzzi 
et  al. [48] observed that the use of the flap has 
significantly reduced the CSF leak rate after pitu-
itary adenoma resection (11.5% vs 2.9%). On the 
contrary, other groups have also reported good 
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results with the use of a multi-layer technique 
that does not routinely include a vascularized flap 
[45]. A multi-layer reconstruction based on fat 
graft, rigid reconstruction, and collagen matrix 
has been associated with good postoperative CSF 
leak rates even if no vascularized flap was used 
routinely (CSF leak 1.4%) [45].

22.2.3  When to Consider Using 
a Lumbar Drain: Evidences 
for or Against

The use of lumbar drain (LD) has been a matter 
of debate in endoscopic skull base surgery [1, 15, 
18, 31]. Although its use has been recommended 
by some centers, including the senior authors, it is 
not universally accepted as effective. The concept 
behind the use of lumbar drains is to facilitate 
healing of the dural reconstruction by lowering 
intracranial pressure and providing an alterna-
tive drainage route of CSF from the subarach-
noid space [15, 16, 23, 47]. However, LDs are 
not free of complications and may be associated 
with post-puncture headaches, infections, tension 
pneumocephalus, and uncal herniation, which 
raises issues regarding the risk/benefit ratio, par-
ticularly in light of the questionable utility [15, 
16, 23, 47]. In our experience, LDs are consid-
ered for all cases in which an intraoperative high-
flow CSF leak is expected. Therefore, LDs are 
usually used for the resection of pituitary adeno-
mas larger than 2.5 cm with >2 cm of suprasel-
lar extension. The adoption of an LD arose from 
experience with patients who had small postop-
erative CSF leaks that stopped with lumbar drain-
age [23]. The hypothesis is that if the LD had been 
used immediately after surgery, the leak would 
not have occurred in the first place. This has been 
a safe technique in our center and has become a 
standard approach in our current protocol. In fact, 
the routine use of NS flaps has been associated 
with a more frequent use of LDs in our center 
(55.1% before routine NS flap vs 82.4% after NS 
flap introduction) [47]. The flap ensures complete 
coverage of the dural defect and allows for safer 
use of LD, minimizing chances of tension pneu-
mocephalus. Evidence for use of LD is limited, 

and the benefit of routine use of lumbar drains 
after pituitary adenoma surgery is questioned in 
the literature. Systematic reviews have not dem-
onstrated benefit of routine use of lumbar drains 
[1, 31]; however, most included studies were ret-
rospective case series with heterogeneous inclu-
sion criteria [31]. Recently, a randomized trial 
demonstrated a significant positive impact of LD 
in cases of intradural pathology (8.2% vs 21.2%, 
p = 0.017). However, no benefits were reported 
for pituitary adenomas with suprasellar extension 
[18]. The experience at Weill Cornell, however, 
demonstrates the safety and efficacy of LD in 
cases of pituitary adenomas with high-flow CSF 
leaks [16, 23, 24, 28, 34, 35, 47].

22.2.4  Intrathecal Fluorescein

Intrathecal fluorescein has been routinely applied 
in our EEA procedures. It is safe and allows iden-
tification of CSF leaks that could otherwise not 
be identified [17, 27–30, 49]. It is important to 
mention this is an off-label use of fluorescein; 
all patients are informed about the off-label use 
and potential complications prior to surgery. Our 
protocol consists of intravenous premedication 
with dexamethasone (10 mg) and diphenhydr-
amine (50 mg), followed by intrathecal injec-
tion of 0.25 ml of 10% of intrathecal fluorescein 
(ITF) (AK-Fluor, Akorn). Fluorescein is diluted 
in 10 mL of withdraw CSF and administered 
over several minutes, either through a lumbar 
puncture (adenomas <2.5  cm and no suprasel-
lar extensions) or lumbar drain (large adenomas 
with suprasellar extension) [27, 29]. The sensi-
tivity and specificity of low-dose ITF for detect-
ing intraoperative CSF leaks is 92.9% and 100%, 
respectively. The negative predictive value and 
positive predictive value are 88.8% and 100%, 
respectively [17]. Most observed side effects 
were nonspecific, transient, and likely not caused 
by fluorescein, including malaise (57.4%), head-
aches (51.9%), dizziness (31.5%), and nausea/
vomiting (24.1%); there were no seizures. In a 
larger study of 203 pituitary patients, we did not 
find any evidence of side effects related to the 
ITF [17, 49].
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22.3  Repair of Skull Base Defect 
After Transtuberculum 
Transplanum Approach

22.3.1  Surgical Exposure (Fig. 22.1, 
Video 22.1)

Most steps of this approach are similar to those 
described above for the trans-sellar approach. 
However, some significant differences should be 
noticed, including all cases will undergo inser-
tion of LD at the start of the case, and ITF will be 
injected via the LD; and an NS flap will be raised 
in all cases, in order to improve the reconstruc-
tion at the end of the procedure.

To maximize exposure of the tuberculum and 
planum region, posterior ethmoidectomy is com-
pleted as well as a wide sphenoidotomy. That 
allows visualization of the sella, tuberculum, 
planum, medial and lateral optico-carotid recess 
(OCR), carotid parasellar carotid, and optic canal 
[5, 15, 20]. Infrachiasmatic lesions will include 
tuberculum sella meningiomas and craniopharyn-
giomas. In those cases, bone removal is tailored 
to allow exposure of the suprasellar cisterns below 
the chiasm (i.e., tuberculum region). The tuber-
culum (or suprasellar notch) and medial OCR are 
routinely drilled out [5]. The sella bone is removed 
in selected cases of suprasellar meningiomas to 
maximize dura exposure and maneuverability. A 
transplanum extension is necessary in cases of 
meningiomas (or other suprasellar tumors) located 
anterior and/or superior to the optic chiasm. In 
those cases, bone removal, at the midline, can 
extend from planum to the sella, and from medial 
wall of orbit to medial wall of orbit [20]. Once 
again, the approach should be tailored to the size 
and extension of the tumor, to avoid excessively 
large openings and unnecessary herniation of the 
frontal lobe during the procedure. Intraoperative 
surgical neuronavigation can help to achieve this 
goal and is routinely used for EEA in our center.

22.3.2  Dealing with Mucosa 
and Bone Around Defect

The sphenoid sinus mucosa is extensively 
removed, since an NS flap is routinely used for 

reconstruction in those cases. The bone adjacent 
to the skull base defect should be free of mucosa, 
to facilitate attachment of the flap to the skull 
base. The NS flap, covering the posterior wall of 
the sphenoid sinus, will facilitate reepithelization 
of the sinus and minimize chances of sphenoidal 
crusting and infection.

22.3.3  Reconstruction Technique

As reported for sellar tumors/pituitary adeno-
mas, multiple techniques are reported for skull 
base reconstruction after resection of suprasel-
lar tumors. Different materials including fascia 
lata, fat graft, dura substitutes, and sealants are 
used. Techniques such as the gasket seal clo-
sure and button closure have also been routinely 
applied. Patient and tumor characteristics must 
be considered when planning the reconstruction. 
Unlike pituitary adenomas, all cases that require 
EEA to the suprasellar space may be considered 
associated with high-flow leaks and will benefit 
of multilayer reconstruction and vascularized 
reconstruction [5, 15, 16, 20].

22.3.3.1  Inlay, Onlay Multilayer 
Closure with NS Flap

A well-known technique for reconstruction 
is based on multilayer repair of the skull base 
defect, with vascularized and non-vascularized 
materials, to replace tissues transgressed during 
the approach [3, 4, 19, 50]. This reconstruction is 
based on an inlay layer of dural substitute (Dura-
gen, Integra Life Sciences, Boston, MA), as to 
“replace” the arachnoid layer, covered with a vas-
cularized mucosal flap. The flap is held in place 
with a layer of dural sealant and supported by fat 
autograft or Gelfoam. A Foley catheter balloon or 
Merocel is used, as a buttress for the reconstruc-
tion. The addition of the NS flap significantly 
improved the results of this multilayer technique. 
As reported by Koutourousiou et al. [51], before 
the introduction of the flap, CSF leak rate of 
suprasellar meningiomas was 69.2%; after the 
introduction of the flap, this rate went down to 
16.1% and the same group reports a recent CSF 
leak rate of 11.7% in the last years. The impor-
tance of vascularized reconstruction is even more 
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noticeable when results of craniopharyngioma 
surgery are assessed. CSF leak rate of 58–60% 
have been reported prior to the adoption of the 
NS flap; however, with the use of the vascularized 
flap, the overall CSF leak rate has been signifi-
cantly lowered (21–23.4%) [50, 52]. An impor-
tant difference between craniopharyngiomas and 
meningiomas is the occurrence of intraventricu-
lar extensions in the former. This increases the 
CSF leak flow over the skull base repair and is 
at least partially responsible for higher leak rates 
observed in such cases. Recently, cases of post-
operative encephalocele have been reported after 
resection of anterior and posterior fossa tumors 
that did not undergo reconstruction with a rigid 
buttress [53, 54]. Although evidence still is lim-
ited and long-term follow-up is needed, this may 
represent a significant limitation of reconstruc-
tions such as this, without rigid bone repair.

22.3.3.2  Button Closure with NS Flap
The button technique was described by the 
Thomas Jefferson University group in 2010 [25, 
26], in order to improve CSF leaks after resection 
of intradural tumors. This technique consists of 
a two-layer fascia lata “button” graft to seal the 
dural defect. The “button” is constructed of two 
pieces of fascia lata attached to one another by 
suture. One layer is inserted inside the defect as 
an inlay while the other layer lies over the dura. 
An NS flap is then placed against the skull base 
over the button graft. This technique has been 
associated with an overall low CSF leak rate 
(11.2%) after resection of craniopharyngiomas 
[55] and may be an interesting option in cases 
that will not accommodate a gasket seal closure. 
Our institution has begun employing the button 
closure with increasing frequency, particularly if 
there are no bony edges to use the gasket (see 
below) and has used two layers of Alloderm, 
rather than fascia lata, to avoid making an inci-
sion in the patient’s thigh.

22.3.3.3  Gasket Seal Closure 
with NS Flap

The gasket seal technique was initially described 
by the senior authors of this chapter in 2008 
[24]. It is a routine part of our protocol for the 

reconstruction of intradural cases associated 
with high- flow CSF leaks, such as suprasellar 
meningiomas and craniopharyngiomas. For those 
cases, a combination of techniques and materials 
are used, including perioperative lumbar drains, 
ITF, gasket seal, and NS flap. For the gasket seal 
to be effective, the defect in the skull base must 
be surrounded by a rim of bone. The diameters 
of this defect are measured either with a ruler or 
with a cottonoid. For many years, the soft tissue 
graft we used was derived from fascia lata grafts 
harvested from the thigh. We tend to use the left 
thigh so that harvesting does not disrupt the endo-
nasal procedure. The fascia lata graft is fashioned 
in the same dimensions of the cranial base defect 
but with an additional 1 cm of diameter so as to 
extend beyond the edge of the cranial base defect. 
The fascia lata graft is placed over the defect as 
an overlap. A piece of MEDPOR is cut to be 
the same size as the defect and placed over the 
fascia lata graft and countersunk into the defect 
so that the edges of the buttress are wedged just 
beyond the bony edges of the defect, holding it in 
place. The center of the fascia lata graft is intra-
cranial, whereas the edges remain in the sinus 
cavity, similar to a cauliflower leaf. The fascia 
lata, which is circumferentially wedged between 
the bony edge of the cranial defect and the graft, 
creates a watertight gasket seal. More recently, 
we have begun using Alloderm to avoid a thigh 
incision and have had good success. Care is nec-
essary when inserting the rigid reconstruction to 
avoid neurovascular injuries, due to the proxim-
ity to the internal carotid artery and optic nerve. 
Previous reports have demonstrated the safety 
and efficacy of this strategy, with an overall post-
operative CSF leak <10% [15, 16, 23, 24, 28, 47, 
56]. The Weill Cornell experience with EEA for 
suprasellar meningiomas and craniopharyngio-
mas was recently described,  demonstrating CSF 
leak rates of 8% and 3.7%, respectively [5, 15]. 
Regarding the suprasellar meningioma study, 
it is important to mention that leaks were only 
observed in two cases that did not have an LD 
inserted due to their high BMI and inability to 
access the thecal space. Therefore, no leak was 
observed in cases that completely followed the 
recommended protocol.
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22.3.3.4  Use of Fat
In our experience, fat may be used in selected 
cases, to obliterate the intracranial cavity left 
after resection of large suprasellar meningio-
mas. It is not routinely used, however, if the 
third ventricle is widely open, such as in some 
cases of craniopharyngiomas, a fat graft is not 
used to avoid the graft falling into the floor 
of the third ventricle and causing obstructive 
hydrocephalus. In our center, the use of fat 
for reconstruction in the suprasellar space has 
decreased in the last years. In some cases, we 
have used Alloderm rather than fat to avoid an 
abdominal incision. Other groups, however, 
have reported successful strategies based on the 
use of fat. The Naples group recently published 
the results of a new reconstruction technique, 
named “Triple F” technique [57]. The first “F” 
stands for autologous fat, to be used as a cork 
stopper across the intra- extradural space and to 
eliminate dead space, the second “F” refers to 
the use of an NS flap, to cover the skull base 
defect, and the third “F” stands for “flash,” 
or early patient mobilization out of bed. The 
authors reported their experience with 25 cases 
that underwent transtuberculum transplanum 
approaches for resection of multiple tumors, 
including craniopharyngiomas, meningiomas, 
and giant pituitary adenomas. CSF leak was 
noted in only one case (1/25, 4%), which was 
adequately treated with additional application 
of fibrin glue. Those results are similar to those 
obtained with the gasket seal closure and repre-
sent a significant achievement.

22.3.4  Evidence for and Against Use 
of LD

As described, LDs are routinely used at Weill 
Cornell for cases that will require extended 
approaches to the tuberculum and planum region. 
Although not universally accepted, this approach 
is an important component of our management 
protocol and has been associated with excellent 
results [5, 15, 16]. The main criticisms regarding 
the use of LDs include its questionable efficacy 
and its potential risks of complications (tension 

pneumocephalus, tonsil herniation, meningitis, 
headaches). Although some authors have advo-
cated against the use of LD [31], recent stud-
ies demonstrated some evidence in favor of use 
of LD. Cohen et  al. [15] demonstrated that LD 
may be useful to prevent postoperative CSF leak, 
particularly in patients with elevated BMI.  In 
that study, only two leaks were observed, and 
those two patients had not received an LD due to 
impossibility of insertion of the drain. The best 
evidence to date is originated from the results of 
a trial recently published, which demonstrated 
an overall lower CSF leak rate in patients that 
received an LD for 72 h after surgery (8.2% vs 
21.2% (odds ratio 3.0, 95% confidence interval 
1.2–7.6, p = 0.017)) [18]. Post hoc analysis of 
location of the defect and its effect on CSF leak 
rates demonstrated a statistically significant posi-
tive impact of LD in anterior and posterior fossa 
cases. A positive effect was also observed in 
suprasellar tumors; however, no statistical signif-
icance was observed (LD group: 4.7% vs control 
group 9.5%, p = 0.43). Regarding complications 
secondary to LD, that study confirmed our pre-
vious findings and demonstrated the safety of 
LDs since only three complications (3.5%) were 
observed: two patients had spinal headaches 
that were managed with blood patches and one 
patient had a retained catheter that was observed 
without consequence.

22.3.5  Use of Fluorescein

All patients that undergo extended endoscopic 
surgery by the senior authors will receive ITF 
via a lumbar drain, according to the protocol 
previously described [16]. This has been a safe 
adjunct for identification and repair of CSF leaks, 
without significant associated morbidity. As leak 
will inevitably occur during resection of intra-
dural tumors, ITF main role in those cases is to 
maximize the dura repair at the end of surgery. It 
improves the visualization of minimal CSF leak 
flow around a suboptimal reconstruction and then 
allows correction of the repair, in cases that oth-
erwise could have presented with a postoperative 
CSF leak.
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22.4  Endoscopic Repair 
of Sternberg’s Canal 
and Other Defects 
of the Lateral Recess 
of the Sphenoid Sinus

22.4.1  Debate About Whether It Is 
Really a “Sternberg 
Canal” Leak

CSF leaks arising from the sphenoid sinus 
account for 10% of spontaneous and secondary 
fistulas. Most sphenoid sinus leaks occur sponta-
neously, and almost half of spontaneous leaks are 
believed to originate in the sphenoid. The rela-
tively high rate of spontaneous CSF leaks in the 
sphenoid sinus might indicate a structural predis-
position to dehiscence inherent to the sphenoid 
bone anatomy and/or development [58, 59].

In 1888, Maximilian Sternberg described the 
course of the canal as originating between the 
lesser sphenoid wing and sphenoid body poste-
riorly, running along the lateral wall of the sphe-
noid sinus, medial to foramen rotundum (FR), 
medial to the Vidian canal (VC), and ending at 
the vaginal process of the nasopharynx anteri-
orly. This delineates the fusion plane between 
alisphenoid, basisphenoid, and presphenoid. He 
noted that a persistent canal is almost ubiqui-
tously present in the skulls of 3- to 4-year-old 
children and in approximately 4% of adult skulls 
[60]. There is, however, a fair amount of debate 
in the literature surrounding the potential con-
tribution of Sternberg’s canal to the occurrence 
of spontaneous CSF leaks. Many authors have 
pointed to Sternberg’s canal as a potential site of 
sphenoid sinus encephaloceles, while others con-
tend that this is not likely based on the location 
of sphenoid CSF leaks relative to the expected 
site of Sternberg’s canal [58, 60, 61]. In 2009, 
Tomazic and Stammberger published a five- 
patient series and described Sternberg’s canal as 
“located in the posterior part of the lateral sphe-
noid sinus wall inferior and lateral to the maxil-
lary nerve” [62]. They argue that the canal is a 
source of spontaneous CSF leak when there is an 
extensive lateral pneumatization of the sphenoid 
sinus wall. Once this communicates with the pat-

ent canal, a leak may ensue. In contrast to this 
view, Baranano [61] and Illing et al. [63] contend 
that, by definition, Sternberg’s canal must exist 
medial to the superior orbital fissure, and thus, 
medial to foramen rotundum (FR) and V2. They 
argue that Sternberg’s canal is not likely to give 
rise to lateral sphenoid sinus CSF leaks since 
most occur lateral to V2. A recent study by the 
Weill Cornell group (unpublished data) supports 
the findings of Baranano and Illing. In our series, 
of 103 repaired CSF leaks, 17 arose from the lat-
eral sphenoid. Only three of those cases could 
possibly be consistent with a Sternberg’s canal 
leak, and even these cases were questionable, 
since the defects did not follow the course of the 
classic Sternberg’s canal. The cases we report of 
“possible” Sternberg’s canal defects were very 
similar clinically to the defects that occurred lat-
eral to FR and which were certainly not related 
to Sternberg’s canal. No significant differences 
between the two groups in terms of the degree of 
extensive pneumatization of the sphenoid sinus, 
BMI, average age at time of surgery, sex, pres-
ence of arachnoid pits, meningitis, evidence of 
increased ICP, encephalocele, and postoperative 
leak were observed. Moreover, most patients in 
this series were obese middle-aged women, a 
common feature of spontaneous CSF leaks. Our 
findings suggest that these characteristics predis-
pose the middle fossa to spontaneous sphenoid 
leaks irrespective of their precise location and 
that the etiology of both Sternberg’s canal and 
non-Sternberg’s canal sphenoid defects does not 
differ in this regard. Therefore, the minority of 
leaks that arise medial to FR may be related to 
dehiscence of the sphenoid wall in the region of 
Sternberg’s canal but definitive causative proof is 
lacking.

22.4.2  Surgical Exposure: 
Transpterygoid Approach 
(Fig. 22.2, Video 22.2)

The transmaxillary transpterygoid approach pro-
vides access to the lateral recess of the sphenoid 
sinus and, therefore, is the endoscopic endona-
sal approach used for repair of middle fossa/lat-
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Fig. 22.2 Transpterygoid approach—right side. (a) 
Exposure after right middle turbinectomy, uncinectomy, 
ethmoidectomy, and maxillary antrostomy. LP lamina 
papyracea, PWMS posterior wall of the maxillary sinus, ST 
superior turbinate, AF anterior fossa, SER sphenoethmoidal 
recess, NS nasal septum. Copyrights: Joao Paulo Almeida, 
MD. (b) Exposure of the sphenopalatine canal. PWMS pos-
terior wall of the maxillary sinus, AWSC anterior wall of the 
sphenopalatine canal (composed by the orbital process of the 
vertical part of the palatine bone), SC sphenopalatine canal. 
Copyrights: Joao Paulo Almeida, MD. (c) Exposure of the 
sphenopalatine artery. PWMS posterior wall of the maxillary 
sinus, SPA sphenopalatine artery, PPF pterygopalatine fossa 

contents. Copyrights: Joao Paulo Almeida, MD. (d) Exposure 
of the pterygoid process after transection of the SPA. MPP 
medial pterygoid process, PPF pterygopalatine fossa con-
tents. Copyrights: Joao Paulo Almeida, MD. (e) Exposure of 
the Vidian nerve and canal after displacement of the contents 
of the PPF and partial drilling of the MPP. PPF pterygopala-
tine fossa contents. Copyrights: Joao Paulo Almeida, MD. (f) 
Exposure of the lateral recess of the sphenoid sinus, after tran-
section of the Vidian nerve and disconnection of its attach-
ment to the pterygopalatine ganglion. LRSS lateral recess of 
the sphenoid sinus, FR foramen rotundum, PW pterygoid 
wedge, LOCR lateral optic carotid recess, ET Eustachian 
tube. Copyrights: Joao Paulo Almeida, MD
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eral recess of the sphenoid sinus leaks [64]. All 
patients will have an LD inserted at the begin-
ning of surgery, and fluorescein is used for the 
identification of the leak. The procedure itself 
is initiated with a rigid 0-degree endoscope; 1% 
lidocaine with 1:100,000 epinephrine is used to 
vasoconstrict the sphenopalatine artery at the 
sphenopalatine foramen, in addition to infiltrat-
ing the uncinate process and vertical lamella of 
the middle turbinate, in the side of the defect. A 
middle turbinectomy, uncinectomy, and ethmoid-
ectomy are completed, and the medial wall of 
the maxillary ostium is opened. A contralateral 
vascularized NS flap is then harvested for skull 
base repair at the end of surgery. That is followed 
by resection of the posterior third of the septum, 
which allows for a binostril, four-handed surgi-
cal technique. After a wide maxillary antrostomy 
is done, the mucosa and bone of the posterior 
wall of the maxillary sinus are removed, and the 
anterior and posterior walls of the sphenopalatine 
canal are resected. That leads to exposure of the 
sphenopalatine artery, which is then coagulated 
and transected. The contents of the pterygopala-
tine fossa are pushed laterally to reveal the Vidian 
nerve, the medial pterygoid plate, and the ptery-
goid “wedge.” The foramen rotundum and the 
maxillary nerve (V2) are observed at the supe-
rior margin of the fossa, traveling laterally and 
superiorly toward the inferior orbital fissure. The 
maxillary nerve can be traced posteriorly to iden-
tify the foramen rotundum. The attachment of the 
Vidian nerve to the pterygopalatine ganglion can 
be cut and disconnected, which maximizes the 
mobilization of the contents of the pterygopala-
tine fossa and exposure to the lateral recess of the 
sphenoid sinus.

22.4.3  Dealing with Mucosa 
and Bone Around Defect

The mucosa of the sphenoid sinus and lateral 
recess are stripped away to fully expose the 
bone anatomy of the sinus, facilitate the adhe-
sion of the vascularized flap, and minimize 

chances of postoperative mucocele. Intrasphe-
noidal septations should be extensively drilled 
out to facilitate the positioning of the flap at the 
end of the procedure. Venous bleeding origi-
nated from the mucosa is easily controlled with 
the use of warm irrigation and hemostatic pow-
der/Gelfoam.

22.4.4  Reconstruction Technique

According to our current protocol, spontaneous 
CSF leaks undergo multi-layer reconstruction. In 
this situation, we use an inlay of Duraguard cov-
ered with an onlay of fat and an NS flap, kept in 
place with dural sealant. Lumbar drainage is used 
for 3 days at 5 ml/h because these patients often 
have benign intracranial hypertension. Patients 
are placed on acetazolamide for 2 weeks after 
discharge to keep the CSF pressure down. In case 
of CSF leak recurrence, a ventriculoperitoneal 
shunt may be offered to address the intracranial 
hypertension and maximize chances of success 
of the reconstruction.

22.4.5  Correction of CSF Leaks 
in the Lateral Recess 
of the Sphenoid Sinus: 
Current Results

At Weill Cornell, the multi-layer reconstruc-
tion with the use of a vascularized NS flap led 
to effective repair of the CSF leak in all cases 
[16]. As for other skull base defects, the intro-
duction of the NS flap improved the results of 
lateral recess of sphenoid sinus reconstruction. 
A  previous multi-institutional study that assessed 
endoscopic reconstruction without an NS flap 
observed a rate of successful CSF leak repair of 
85% [64], a good outcome but still inferior to 
the excellent results achieved with the vascular-
ized reconstruction. Other centers have reported 
similar good outcomes after endoscopic repair of 
such leaks, with successful results of 85–100% 
[65–70].
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22.5  Limitations and Surgical 
Challenges of Sellar, 
Suprasellar, and Lateral 
Sphenoid CSF Leak Repair

Although significant technical improvements 
have occurred in the last 10 years, skull base repair 
still requires attention and may be associated with 
significant complications after EEA.  Important 
questions, such as what is the best reconstruction 
technique, are now being answered. The accumu-
lation of data since the advent of EEA has led 
to the development of modern protocols for skull 
base reconstruction associated with low rates of 
postoperative CSF leak [16, 47]. However, fur-
ther studies are necessary to elucidate important 
questions, such as the role of lumbar drains in 
sellar and suprasellar surgery and the impact on 
the quality of life and nasal function after differ-
ent reconstruction techniques.

Our current protocol [16] favors the use of 
lumbar drains and NS flap in cases with supra-
sellar extension. Although our experience is 
positive, the use of LD may lead to severe com-
plications if inappropriately used. The combi-
nation of the gasket seal technique and NS flap 
significantly reduces the chances of leaks and 
minimizes chances of LD-associated epidural 
collections and tension pneumocephalus. If the 
surgeon is not confident on the reconstruction, an 
LD likely should not be inserted.

Multi-layer reconstruction based on vascu-
larized NS flap has become the workhorse for 
skull base reconstruction in cases associated with 
high-flow CSF leak. However, that tissue is not 
always available, such as in some reoperation 
cases. Additional vascularized techniques, such 
as variations of the NS flap and middle and infe-
rior turbinate flap techniques [71, 72], have been 
developed as an attempt to aid in reconstruction 
in such cases, but are more technically demand-
ing and may not lead to similar rates of success.

Finally, there is a need for additional trial 
assessing different techniques for skull base 
reconstruction, regarding its effectiveness and 
preservation of quality of life.

22.6  Conclusions

EEA for the management of sellar and parasel-
lar lesions has significantly improved in the last 
15 years. Extended approaches, once associated 
with high rates of postoperative CSF leaks, now 
have leak rates of <5%, similar to those of open 
approaches. The development of new techniques 
and materials for skull base reconstruction and 
the design of protocols for tailored reconstruc-
tion have significantly changed the results of 
endoscopic approaches. Cases that present with 
low- flow CSF leak do not require routine vas-
cularized reconstruction; simpler techniques 
such as reconstruction with fat graft or colla-
gen matrix are usually enough for those cases. 
Extended approaches to the suprasellar or para-
sellar space (lateral recess of the sphenoid sinus 
leaks) will benefit of multi-layer reconstruction 
with  vascularized nasoseptal flap. LD is safe and 
associated with excellent results in those cases.

Anatomical knowledge, adequate case selec-
tion, and surgical experience remain the funda-
mental aspects of skull base surgery and should 
be considered for the reconstruction of the skull 
base, a major aspect of all endoscopic proce-
dures.
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Repair of Cerebrospinal Fluid 
Leaks of the Posterior Cranial 
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23.1  Introduction

One of the challenges of endoscopic endona-
sal surgery (EES) of the skull base has been the 
reconstruction of dural defects. Postoperative cere-
brospinal fluid (CSF) leaks are a major source of 
postoperative morbidity and pose the greatest risk 
for intracranial infection [1]. Postoperative CSF 
leaks also increase the risk of other complications, 
delay recovery, and greatly increase the cost of 
care. Although great progress has been made in the 
prevention and treatment of CSF leaks with EES, 
there remains a 5–10% risk of postoperative CSF 
leak [2]. Potential risk factors for postoperative 
CSF leak include patient characteristics, type and 
extent of pathology, size and location of surgical 
defect, surgical approach, reconstructive technique, 
and postoperative care [2, 3]. Transclival and tran-

sodontoid approaches to the posterior cranial fossa 
are used for a variety of conditions, extending from 
the posterior clinoids to the craniovertebral junc-
tion [4–7]. For endonasal approaches, the clivus 
is divided into unequal thirds: upper, middle, and 
lower. The upper clivus is situated behind the pitu-
itary gland and extends from the posterior clinoids 
to the floor of the sella; it requires transposition of 
the pituitary gland for access [4, 5]. It is bounded 
by the parasellar internal carotid arteries (ICAs) 
and cavernous sinus laterally. The middle clivus 
extends from the floor of the sella to the floor of 
the sphenoid sinus and is bounded by the paraclival 
ICA and abducens nerve (interdural segment of 
Dorello’s canal), laterally. The lower clivus extends 
from the floor of the sphenoid sinus to foramen 
magnum and is bounded by foramen lacerum and 
hypoglossal canals laterally.

Prevention of CSF leak remains the best strat-
egy, avoiding an intraoperative leak when pos-
sible and performing a secure repair. In select 
tumor cases, the outer (periosteal) layer of the 
dura can be stripped with the preservation of the 
inner (meningeal) layer, thereby achieving clear 
tumor margins and avoiding a CSF leak. Dural 
defects of the posterior cranial fossa are among 
the most difficult defects to repair and present 
unique challenges.

There is a great diversity in reconstructive 
strategies and techniques among skull base sur-
geons. This chapter represents our current recon-
structive algorithm for EES of the posterior 
cranial fossa based on our cumulative experience 
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of trial and error and evidence-based review of 
the literature [3]. There is no “one best” strategy 
for all patients. Reconstructive choices depend on 
multiple factors including patient characteristics, 
prior and planned therapy, available reconstruc-
tive options, available resources, and experience 
of the surgeon. In general, use of a vascularized 
flap as part of a multi-layer intradural and extra-
dural reconstruction is preferred when available 
[2, 3, 8]. A variety of materials may be substi-
tuted for dura, including autologous (fascia lata, 
deep temporal fascia), homologous (cadaveric 
pericardium, dura, dermis), and allogeneic (sub-
mucosal porcine intestine) tissues.

23.2  CSF Leak Repair: Transclival 
Approach

Reconstruction of dural defects following a tran-
sclival approach is considered separately for 
upper and middle/lower clival defects. For all 
large defects, a multilayer reconstruction con-
sisting of intradural and extradural grafts supple-
mented with adipose tissue and a vascularized 
flap achieves optimal results (Fig. 23.1).

23.2.1  Upper Transclival Approach

An upper transclival approach to the dorsum 
sellae and posterior clinoids requires interdural 

transposition of the pituitary gland on one or 
both sides [4, 5]. The bone over the parasellar 
ICA is usually removed and the ICA partially 
or completely exposed. A typical dural defect 
is <2  cm in greatest dimension. An intradural 
collagen graft is placed intradurally beyond the 
margins of the defect. A small extradural fas-
cial graft (autologous or homologous) is placed 
extradurally overlapping the dural and bone 
defect. With small defects, an extradural graft 
is not always necessary. The pituitary gland is 
returned to its normal position and provides a 
good buttress for the fascial graft. This is then 
covered with a vascularized nasoseptal flap 
(NSF). The NSF incorporates all of the mucosa 
of the nasal septum sparing a 1 cm strip below 
the olfactory sulcus. It is typically oriented in 
a vertical or slightly oblique direction. Due to 
exposure of the cavernous ICA with pituitary 
transposition, rigid reconstruction with car-
tilage, bone or alloplastic material is not rec-
ommended. Furthermore, a vascularized NSF 
provides ample protection of exposed parasel-
lar ICAs. The reconstruction is supported with 
morselized collagen material and either a Foley 
balloon catheter inflated with saline or Merocel 
tampons. Absorbable packing is not used for 
significant clival defects since it may not pro-
vide adequate support.

23.2.2  Middle/Lower Transclival 
Approach

Transclival approaches to the middle and lower 
clivus often result in a large and deep defect 
that extends from the floor of the sella to the 
lower limit of the clivus (Fig. 23.2) [6]. One or 
both paraclival ICAs are often exposed. A typi-
cal dural defect is 3–5  cm in greatest dimen-
sion. An intradural collagen graft is placed 
intradurally beyond the margins of the defect 
(Fig.  23.3). Ability to tuck the graft laterally 
may be limited by the interdural segment of the 
abducens nerve as it enters Dorello’s canal and 
caution is warranted. A large extradural fascial 
graft (facia lata) is placed extradurally overlap-
ping the dural and bone defect and providing 

Collagen graft

Fascia lata
graft

Fat graft

Nasoseptal flap

Fig. 23.1 Standard reconstruction of large clival defects 
includes an intradural collagen graft, an extradural fascial 
graft, adipose tissue graft, and a vascularized flap. The 
adipose tissue graft may be omitted with smaller defects, 
especially of the upper clivus
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Fig. 23.2 This clival defect extends from the dorsum sella 
to foramen magnum. It is bounded by the pituitary (pit) 
gland superiorly and the paraclival internal carotid arteries 
(ICA) laterally. There is a large dural defect of the poste-
rior cranial fossa with exposure of the basilar artery (BA)

Fig. 23.3 A collagen graft (DuraMatrix, Integra Life 
Sciences, Stryker, Kalamazoo, Michigan) or similar mate-
rial (acellular dermal graft) is placed intradurally with 
overlap of the dural edges

Fig. 23.4 A generous fascia lata (FL) graft provides cov-
erage of the dural and bone defects as well as the exposed 
internal carotid arteries (ICA). Pit: pituitary gland

coverage of the walls of the clival defect, sella, 
and paraclival ICAs (Fig. 23.4). Folding of the 
graft invariably occurs due to the geometry of 
the defect, and these folds should be smoothed 
as much as possible. Adipose tissue harvested 
from the fascia lata donor site or abdomen is 
used to fill the clival defect in order to prevent 
pontine herniation (Fig. 23.5) [9]. An extended 
NSF that includes mucosa from the nasal floor 
and inferior meatus is oriented horizontally 
to cover the entire defect and paraclival ICAs 
(Fig. 23.6) [10]. It is important that the entire 
adipose tissue graft is covered to provide vas-
cularization and prevent necrosis. The edges 
of the fascia lata graft may be exposed supe-
riorly and inferiorly. It is also important, when 
accessing the lower clivus or craniovertebral 
junction, to separate the reconstruction from 
the lower nasopharynx and oropharynx to pre-
vent CSF leak at the caudal limit of the defect 
which can be very difficult to repair. The surgi-
cal approach includes the design of an inferiorly 
based retropharyngeal (RP) mucosal flap, if not 
involved by tumor (Fig.  23.7) [11]. A wide, 

23 Repair of Cerebrospinal Fluid Leaks of the Posterior Cranial Fossa



232

Fig. 23.5 For deep clival defects, a fat graft (FG) is inter-
posed between the fascia lata and vascular flap to prevent 
pontine herniation and create a planar surface for the flap. 
Pit: pituitary gland

Fig. 23.6 The nasoseptal flap (NSF) or alternate vascu-
larized flap is positioned to cover the adipose tissue and 
fascia lata. The flap pedicle (FP) can be folded on itself so 
that the larger distal part of the flap is optimally 
positioned

Fig. 23.7 Anatomical specimen demonstrating the out-
line of an inferiorly based rhinopharyngeal flap

inverted U-shaped RP flap including nasopha-
ryngeal mucosa, muscle and even basopha-
ryngeal fascia can be elevated with needle-tip 
electrocautery as far inferiorly as the anterior 
arch of C1 and tucked inferiorly behind the soft 
palate during tumor resection. For reconstruc-
tion, it is brought back up into position after 
the NSF is in position. It is in apposition to the 
inferior aspect of the nasoseptal flap and over-
laps the underlying edge of the fascia lata graft. 
In cases of recurrent leak or large defects in 
obese patients, the inferior edge of the flap can 
even be sutured to the RP flap using a running 
V-Loc suture (Covidien- Medtronic, Dublin, 
Ireland) or similar technique [12]. Again, rigid 
reconstruction with cartilage, bone or alloplas-
tic material is not recommended due to the risk 
of vascular injury. The vascularized NSF pro-
vides ample protection of exposed paraclival 
ICAs. The reconstruction is supported with 
morselized collagen material and Merocel tam-
pons. A Foley balloon catheter does not provide 
adequate support in this region, and there is risk 
of migration into the oropharynx. Absorbable 
packing is not used for significant clival defects 
since it may not provide adequate support and 
is at risk for aspiration.
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233

23.3  CSF Leak Repair: 
Transodontoid Approach

The transodontoid approach may include 
removal of all or part of the anterior arch of C1, 
the odontoid (dens) and part of the body of C2, 
and the anterior foramen magnum [7]. Although 
a CSF leak can usually be avoided in patients 
with basilar invagination and inflammatory pan-
nus, removal of tumors at this level (chordoma, 
meningioma) may result in a significant dural 
defect. Reconstruction of dural defects at this 
level is difficult due to the lack of inferior sup-
port, and an RP flap is strongly recommended 
when possible. This flap is dissected and reflected 
inferiorly below the level of C1. Following tumor 
excision, a dural substitute is placed intradurally. 
Fascia lata is placed extradurally and extends to 
the edges of the mucosal defect. A small adipose 
tissue graft may be used to fill the defect and pro-
vide a planar surface for an NSF. In the absence 
of an adipose tissue graft, the defect is often too 
deep and limits the reach (and coverage) of the 
NSF. The RP flap is transposed superiorly so that 
it overlaps the edge of the fascia lata graft and is 
aligned with the NSF and can be reinforced by 
suturing the fascia lata or NSF to the retropharyn-
geal tissues or edge of the RP flap as described 
above [12]. The reconstruction is supported with 
morselized collagen material and Merocel tam-
pons.

23.4  Limitations and Surgical 
Challenges

Dural defects following EES of the posterior 
cranial fossa are a formidable challenge for the 
endonasal skull base surgeon and are associated 
with a significant learning curve. A team-based 
approach is essential for problem-solving and 
optimal surgical technique.

Reconstructive choices depend on multiple 
factors including patient characteristics, prior and 
planned therapy, available reconstructive options, 
available resources, and experience of the sur-
geon. In general, use of a vascularized flap as part 
of a multi-layer intradural and extradural recon-

struction is preferred when available [2, 3, 8]. A 
variety of materials may be substituted for dura 
including autologous (fascia lata, deep tempo-
ral fascia), homologous (cadaveric pericardium, 
dura, dermis), and allogeneic (submucosal por-
cine intestine) tissue. The NSF is the preferred 
flap for most reconstructions but may not be avail-
able due to prior surgery or tumor involvement. 
In revision surgeries, perfusion of the vascular 
pedicle can be assessed with a Doppler probe or 
indocyanine green fluoroscopy [13]. Alternative 
vascularized flaps include the lateral nasal wall 
(inferior turbinate) flap, temporoparietal fascial 
flap, and extracranial pericranial flap [14–18].

23.5  Postoperative Care

A lumbar spinal drain is placed at the time of 
surgery for all posterior fossa defects. A ran-
domized trial demonstrated a significant benefit 
in this patient group [19]. Spinal fluid is drained 
at a rate of 5–10  cc/h for 72  h postoperatively. 
The patient’s head is elevated >30° for at least 
2 weeks and activities that may increase intracra-
nial CSF pressure are avoided (straining, lifting, 
bending, nose blowing, etc.). In patients with 
obstructive sleep apnea, resumption of positive 
airway devices may start as early as 1–2 weeks 
following surgery depending on the size and 
extent of dural defect [20]. Pediatric patients and 
patients with decreased mental status are at risk 
of pulling on the strings and dislodging the Mero-
cel tampons. In such patients, the strings may be 
trimmed short so that they do not protrude from 
the nose. If packing is dislodged prematurely, it 
may be necessary to replace the packing under 
endoscopic visualization at the bedside or in the 
operating theater. A computed tomographic (CT) 
scan is obtained within 24 h of surgery to assess 
the degree of baseline pneumocephalus and 
screen for hemorrhagic complications. Follow-
up imaging depends on the clinical course of the 
patient.

Antibiotic prophylaxis continues for as long 
as nasal packing is in place. Nasal packing is 
removed under endoscopic visualization at 
1 week, and minimal debridement is performed 
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at that time. Patients are seen at intervals of 
1–2  weeks over the first month until adequate 
healing is confirmed.

23.6  Management 
of Postoperative CSF Leak

Patients should be queried for rhinorrhea and 
postnasal drainage postoperatively. Because of 
their location, CSF leaks of the lower clivus may 
not be obvious and CSF rhinorrhea may be absent. 
Rather, salty taste in the back of the throat, fre-
quent throat-clearing, or nocturnal cough may be 
present. Increasing pneumocephalus on postoper-
ative imaging or a change in mental status warrant 
investigation for a CSF leak. In our opinion, sus-
pected CSF leaks should be managed promptly 
with surgical repair to prevent intracranial infec-
tion. At revision surgery, the most common obser-
vation is non-adherence of the extradural fascia 
lata graft inferiorly. This may be due to displace-
ment of the graft, a fold of the graft that is not in 
contact with bone, retained sinus mucosa, a hole in 
the graft, or increased intracranial pressure. Minor 
repositioning of the tissues with replacement of 
nasal packing is usually all that is necessary. If the 
site of CSF leak is not apparent, it may be neces-
sary to completely elevate the vascular flap and 
inspect the entire reconstruction. Additional adi-
pose tissue may be placed to fill any dead spaces 
or replace infected or necrotic tissue. Suturing of 
the inferior fascial edge to the retropharyngeal tis-
sue using the V-Loc suture (Medtronic, Jackson-
ville, Florida) can provide a secure closure where 
it is needed most [12]. CSF diversion, typically in 
the form of lumbar drainage, is used on all revi-
sion cases. Rarely, necrosis of the vascular flap 
may occur [21]. The primary risk factor is revi-
sion surgery with a narrowed NSF pedicle. Rather 
than presenting with a CSF leak, these patients 
develop signs of infection and require debride-
ment of necrotic tissue and treatment of infection. 
A secondary reconstruction with an alternative 
vascularized flap may be necessary if coverage is 
inadequate.

23.7  Literature Review

Although there is no consensus regarding the 
optimal reconstruction of dural defects with 
EES of the posterior fossa, review of the litera-
ture confirms the increased risk of postoperative 
CSF leak with transclival approaches, especially 
in the pediatric population [22]. In a systematic 
review by Soudry et al., improved results were 
noted for clival defects (51 patients in four stud-
ies) with the use of vascularized flaps [2]. The 
value of intraoperative lumbar drainage was 
indeterminate. Subsequent published series are 
generally too small to derive useful informa-
tion regarding reconstruction of clival defects 
with the exception of a report of 136 transclival 
approaches for a variety of pathologies by Shka-
rubo et  al. [23]. They described their recon-
struction of dural defects using intraoperative 
lumbar drainage with a gasket-seal technique 
(fascia lata, adipose tissue, bone and cartilage, 
and fibrin glue) or micro-suturing of dura and 
fascia lata. Although the number of patients 
with intraoperative CSF leaks is not stated, the 
postoperative CSF leak rate was 6.6% overall. 
A recent International Consensus Statement on 
Endoscopic Skull Base Surgery revealed a 19.1% 
rate of reconstructive failure for a total of 299 
patients with clival defects [3]. There was insuf-
ficient data for the craniocervical junction (tran-
sodontoid approaches).

23.8  Conclusion

EES of the posterior cranial fossa has extended 
the capabilities of the skull base surgeon but has 
created a need for more effective reconstruc-
tive techniques. A multi-layered reconstruction 
with fascial grafts, adipose tissue, and vascular-
ized flaps allows reconstruction of even the most 
challenging defects and should be supplemented 
with CSF diversion. An evidence-based approach 
to skull base reconstruction fosters continuous 
improvement with an acceptable risk of postop-
erative CSF leak.
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The Proper Use of Reconstructive 
Material

Karan Jolly, Shahzada K. Ahmed, 
and Anshul Sama

24.1  Introduction

Over the last few decades, endoscopic endonasal 
surgery has pushed boundaries, tackling a greater 
array of sinonasal, skull base and intracranial 
pathologies. A greater understanding of endo-
scopic anatomy has allowed development of new 
surgical corridors, enabling complex skull base 
resections. One of the challenges posed by this 
is the subsequent reconstruction required to pre-
vent life-threatening morbidity, such as cerebro-
spinal fluid (CSF) leak, meningitis, intracranial 
abscess and pneumocephalus. Advancements in 
reconstructive techniques have allowed for the 
evolution of endoscopic skull base techniques 
providing adequate separation of the sinonasal 
and intracranial compartments. The emergence 
of a range of flaps and biosynthetic materials has 
been pivotal in this journey. In this chapter, we 
will discuss the use of reconstructive techniques 
and materials to allow for a robust skull base 
repair that seals the intracranial cavity from the 
nasal cavity.

Skull base repair requires meticulous replace-
ment of the normal anatomical layers breached, 

the success of which can be measured by the 
absence of a postoperative CSF leak [1]. CSF 
leak rates following endoscopic repair have 
fallen significantly from 30–40% to 6.7–11.5% 
[1, 2]; owed to better instrumentation, endo-
scopic technology and surgical materials and 
techniques such as vascularised nasoseptal flaps 
[3, 4]. Modern reconstructive techniques employ 
a combination of synthetic dural replacement 
drafts, autologous free grafts, vascularised flaps 
and synthetic tissue glues and sealants to achieve 
repair [5]. Despite variations in techniques used, 
certain factors need to be considered in order to 
plan the most appropriate type of repair for each 
case. These include size of the defect, underly-
ing pathology, tissue availability, flow rate of 
CSF, use of pre or post chemoradiotherapy and 
also patient and surgeon preference [6, 7]. We 
will aim to discuss these in an attempt to suggest 
optimal options for repair in different scenarios.

24.2  Materials

24.2.1  Free Autografts

Free autografts, harvested from a donor site and 
implanted at the site of surgery, have the benefit of 
being readily available with no risk of tissue reac-
tion and can include fat, mucosa, cartilage, bone 
and fascia (temporalis fascia or fascia lata) [8]. 
Fascial grafts serve to be an excellent underlay 
(subdural or extradural) and are the first option in 
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a multilayer approach as well as an overlay graft 
[9]. Intracranial fat graft can be used in combina-
tion with eradicate any dead space, for example 
in the sellar region. This provides an adequate 
repair in low-flow CSF leaks and smaller defects 
(<1 cm) [9]. The  disadvantage of these grafts is 
the potential morbidity related to the donor site 
including wound infection, haematoma, scar and 
seroma. Free mucosal grafts, harvested from the 
turbinates or nasal septum, can be placed as an 
overlay for additional support, taking care to place 
it with the mucosal surface outwards towards the 
nasal cavity to prevent formation of a mucocele. 
The use of free cartilage or bone grafts provides 
rigid support in defects where there is high risk 
of herniation, e.g. meningoencephaloceles arising 
from Sternberg’s canal [10] and may also be used 
in a gasket seal configuration in smaller high flow 
leaks [11]. Free bone grafting is controversial, 
especially when postoperative radiotherapy is to 
be considered due to the risk of osteoradionecro-
sis and repair breakdown [4] (Table 24.1).

24.2.2  Synthetic Dural Grafts

Over recent years, there has been an increase in 
synthetic grafts that are used as dural substitutes 
for repair and have been used successfully during 
open middle and posterior fossa surgery [12, 13]. 
They can be used as alternatives to fascial/muco-
sal grafts for both intra and extra dural grafting, 
without additional donor site morbidity but at 
additional cost [8]. These grafts are often made of 
a collagen matrix and come in many sizes, making 
them useful in larger defects as a single or mul-
tilayer repair or in combination with autologous 
tissue. A significant number of synthetic grafts 
contain animal extracts such as gelatin, which 

should be discussed with patients prior to their 
use. Titanium and polydioxanone plate (PDS) 
have been shown to be useful for rigid support 
in larger defects where bone or cartilage grafting 
may not be feasible. PDS has been demonstrated 
in the repair of large anterior skull base defects 
to prevent brain herniation [14]. Use of synthetic 
grafts very much depends on surgeon preference, 
availability and cost implications. It is important 
to note, when using synthetic dural grafts, their 
enhancement in the early phases post-operatively 
can easily be confused with residual disease and 
radiologists should be made aware of this [15].

24.2.3  Vascularised Flaps

Vascularised flaps can be divided into intranasal 
and extranasal in origin, and technical details of 
each have been discussed other chapters of this 
book. By far the main workhorse of endoscopic 
skull base repair is the revolutionary Hadad- 
Bassagasteguy nasoseptal flap, first described in 
2006 with several modifications since [9, 16]. Use 
of this flap however depends on the size of defect 
and availability of disease-free septal mucosa. It 
can be successfully used for defects anywhere, 
from the posterior table of the frontal sinus back 
to the clivus. Morbidity related to these flaps 
include nasal crusting and anosmia/hyposmia; 
however, its use encourages rapid healing [3, 11]. 
Studies demonstrated the use of vascularised flaps 
to be advantageous in larger defects measuring 
>3  cm and with high-flow CSF leaks, over free 
grafting, especially if post- operative radiotherapy 
is planned [2, 4, 17, 18]. Nasoseptal flap serves 
to be particularly useful in repair of ventral skull 
base lesions where CSF flow rates can be chal-
lenging [11]. A review by Harvey et al. analysing 
reconstructive techniques of the skull base dem-
onstrated an overall 11.5% CSF leak rate: 15.6% 
with free grafts and 6.7% with vascularised flaps, 
respectively [2]. Providing sufficient mucosa is 
available, bilateral non-adjacent nasoseptal flaps 
can be raised to cover almost 60% of the skull base 
[1]. Where intranasal flaps are not possible, vas-
cularised extranasal flaps can be utilised. These 
include the transfrontal pericranial flap for ante-

Table 24.1 Free autologous graft materials

Intranasal Extranasal
Mucosa (inferior/middle 
turbinate/nasal floor)

Fat (adipose)

Septal mucosa Fascia (temporalis or 
fascia lata)

Bone (vomer)
Cartilage (septum)
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rior defects and the temporoparietal fascial flap 
for middle and posterior fossa defects. Although 
very  effective, these flaps have additional morbid-
ity related to external approaches [11].

24.2.4  Absorbable Sealants 
and Glues

A wide range of sealants and glues are available 
as adjuncts to reinforce the primary reconstructive 
layers at the skull base. These are often applied at 
the end of the reconstruction again in a multilayer 
fashion. Commonly SURGICEL® (Ethicon Inc., 
New Jersey, USA) is used to provide haemostasis 
and a scaffold onto which further glues are applied. 
Fibrin-based adhesive glues such as TISSEEL® 
(Baxter, Illinois, USA) and Evicel® (Ethicon Inc., 
New Jersey, USA) are used to hold the layers in 
place and prevent graft migration. Fibrin sealant 
patches such as TachoSil® (Baxter, Illinois, USA) 
can also be used as an overlay over the initial dura-
plasty instead of nasoseptal flaps or free mucosal 
grafts as an additional layer of support. The nasal 
cavity is then typically packed with absorbable 
(NasoPore®, Stryker, Michigan, USA) or non- 
absorbable (MEROCEL®, Medtronic Xomed, 
Jacksonville, FL, USA) products to provide further 
support and haemostasis. Whilst commonly used, it 
is very important for surgeons to familiarise them-
selves with the ingredients of these products. A 
significant proportion of them, including synthetic 
dural grafts, contain traces of animal or human 
derivatives which may conflict with patient’s reli-

gious or personal beliefs. It is therefore worth dis-
cussing the use of these adjuncts with patients prior 
to surgery as there are many alternatives [19].

24.2.5  Reconstructive Factors

When planning any endoscopic skull base proce-
dure, the pre-operative CT and MRI scans must 
be carefully assessed to try and estimate the size 
and site of the defect. Depending on the underly-
ing pathology and health of the sinonasal cavity, 
this can equip the surgeon with a range of poten-
tial reconstructive options.

24.3  Size and Site

The size of the defect can be measured preopera-
tively with the benefit of CT and MRI images. 
Intra-operatively, neuropatties can be used to 
estimate the size or more definitively a surgical 
paper ruler can be trimmed and held next to the 
defect at the skull base. The size of the defect is 
important for reconstruction dictating the grafts 
options that may be considered. To achieve a suc-
cessful duraplasty where segments of dura are 
resected/absent, the intradural inlay graft must 
be 30% larger than the defect size [3] (Fig. 24.1).

A recent study looking at factors affecting the 
outcomes of skull base repair showed that the size 
and site of the defect did not affect the success of 
the repair [3]. This being said, the authors used dif-
ferent repair techniques for each of the different 

Fig. 24.1 Demonstrating sellar, cribriform and clival defects

24 The Proper Use of Reconstructive Material
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locations based on their experience and patient fac-
tors. Heterogeneity of repair techniques between 
different case series in the literature makes analysis 
of these techniques very challenging. A well-estab-
lished factor for repair strategies used at each loca-
tion of the skull base is the rate of CSF flow [3, 4].

Frontal sinus, ethmoidal roof and planum 
sphenoidale defects require adequate access with 
a fronto-spheno-ethmoidectomy and can be suc-
cessfully repaired with a multi-layered approach 
using an autologous or synthetic intradural graft 
30% larger than the defect to allow adequate inlay 
followed by an extradural layer of the same mate-
rial placed under the bony defect and finally a third 
overlay of free mucosal or synthetic dural graft. 
Small cribriform defects (<1 cm) may be repaired 
with one intradural and then a single extradural 
overlay technique using free autologous graft or 
synthetic dural graft. Care must be taken during 
extradural dissection to create a pocket for the 
graft as the dura is very thin in this region and can 
easily tear. Where there is a visible dural tear in 
this region, a free graft (fat, fascia or synthetic) can 
be tucked in as an intradural layer followed by the 
overlay layer for a more robust repair. Larger cra-
niofacial resections are best repaired with a multi-
layered approach, with an intracranial intradural, 
intracranial extradural and then an extracranial 
overlay. For any of these layers free fascial or syn-
thetic dural grafts may be used with a vascularised 
flap preferred as the final overlay, promoting faster 

healing of these larger defects. Often this will be a 
nasoseptal flap, however in the absence of healthy 
mucosal flap, a pericranial flap can be used suc-
cessfully. Anterior cranial fossa defects are often 
associated with low CSF flow and easier epidural 
dissection as well as having better bony support for 
reconstruction. In addition, the frontal lobes serve 
as extra support for the inlay grafts [20, 21]. How-
ever, large defects associated with brain herniation 
may occasionally need to be supported with a rigid 
repair layer as discussed earlier [14]. Figure 24.2 
demonstrates a multi-layered approach to repair-
ing an anterior cranial fossa approach with a num-
ber of different materials available. These can be 
used alongside a range of tissue sealants/glues and 
absorbable packs.

Large sellar and clival defects are also repaired 
with a multi-layered approach with an intradural 
and extradural duraplasty. A third mucosal or 
synthetic graft layer may be used if there is no 
breach of the arachnoid or a low-flow CSF leak; 
however, in the presence of a high-flow leak a 
nasoseptal flap offers better outcomes of <5% 
leak rates in some studies [22].

24.4  Pathology

An understanding of the pathology can serve to 
be useful for appropriate repair. Certain lesions 
are associated with higher risks of postopera-

Free graft (autologous/synthetic)

Fat

Gelfoam

Merocel

Dura

Nasoseptal flap

Free graft (autologous/synthetic)

Fig. 24.2 An image 
demonstrating a 
multi-layered approach 
to repairing an anterior 
cranial fossa defect
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tive CSF leak, for which vascular flaps should be 
considered. These include meningiomas (exten-
sive defect with dural and arachnoid disruption), 
craniopharyngiomas (breach of arachnoid) and 
patients who are morbidly obese or with high 
suspicion of idiopathic intracranial hypertension 
(IIH). Malignant skull base lesions often require 
expanded approaches to gain negative resection 
margins and options for intranasal vascular flaps 
can be limited. In this case, extranasal vascular 
flaps may be the best option. The use of preop-
erative or postoperative radiotherapy is also very 
important, as it is associated with a higher rate 
of failure [16]. In these cases, the use of bone 
grafts or synthetic grafts are usually avoided 
due to higher risk of infection and extrusion [4]. 
Instead, vascularised flaps confer an advantage in 
that they withstand the effects of radiation better, 
resulting in a better repair rate [9].

24.5  Conclusion

Advances in endoscopic skull base reconstruction 
are partly owed to implementation of improved 
and meticulous reconstructive techniques. This 
being said, reconstruction can be challenging and 
should be planned before the day of surgery with 
a range of different options available. Although 
there is a wide degree of heterogenicity in repair 
techniques used between surgeons, we propose 
a stepwise approach. One of the most impor-
tant factors for success of repair is the extent of 
CSF leak. Small (<1 cm)  uncomplicated defects 
with no or low CSF leaks may be repaired with 
a single-layer approach, but for other defects, 
we recommend a multi-layered approach. We 
summarise our recommendations on the use of 
reconstructive materials for skull base repair in 
Table 24.2.

Table 24.2 Recommendations on the use of reconstructive materials for skull base repair

Exposed dura or vessels 
with no CSF leak Low-flow CSF leak High-flow CSF leak

No of layers Single Multiple Multiple
Intradural 
intracranial

No dural defect, overlay 
technique with:
   –  Autologous (fascia/fat/

mucosa)
or
   –  Synthetic dural graft 

overlay technique
or
   –  Fibrin sealant patch 

(Tachosil)

   –  Autologous 
(fascia/fat)

or
   –  Synthetic dural 

graft

   – Autologous (fascia/fat)
or
   – Synthetic dural graft

Extradural 
intracranial

   –  Autologous 
(fascia/fat)

or
   –  Synthetic dural 

graft

   –  Autologous (fascia/fat/bone/
cartilage)

or
   – Synthetic dural graft

Extracranial 
overlay

Optional:
   –  Fibrin sealant 

patch
or
   –  Autologous 

(fascia/mucosa)

Recommended:
   – Nasoseptal flap
or
   –  Extranasal vascularised flap if 

nasoseptal flap not available

24 The Proper Use of Reconstructive Material
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External Approaches for Skull Base 
Reconstruction

Gustavo G. Rangel, Rafael Martinez-Perez, 
Daniel M. Prevedello, Ricardo L. Carrau, 
and Amin Kassam

25.1  Introduction

Advancements in the resection of skull base 
tumors often result in defects that are not ame-
nable for primary closure. It is mandatory; how-
ever, that the closure provides a hermetic barrier 
between the intradural space and the sinonasal 
tract to avoid CSF leaks, infectious complica-
tions, and death. As such, a skull base recon-

struction that achieves the following goals is of 
paramount importance: (1) support the brain, (2) 
separate the intracranial and extracranial com-
partments, (3) provide lining for the nasal cavity, 
(4) reconstruct the nasal vault and other com-
ponents of the aerodigestive tract, (5) provide 
volume to decrease dead space, and (6) restore 
the cranio-maxillo-facial aesthetics. Besides the 
location of the defect, other factors should be 
considered when planning the most appropri-
ate reconstructive technique, such as size of the 
defect, history of neoadjuvant therapy previous 
surgery or radiation therapy, high versus low- 
flow CSF leaking, previous surgeries or traumas, 
and disposition of grafts.

In order to achieve these objectives, we advo-
cate a multidisciplinary approach for the treat-
ment of skull base pathologies, allowing the 
proper management of the disease including 
resection of any large and complex lesions with 
its subsequent reconstruction and adjuvant ther-
apy while minimizing complications. Many sur-
gical techniques have been developed to achieve 
an adequate skull base reconstruction. They 
report varying degrees of technical complexity, 
approaches, feasible tissue donors, and outcomes. 
In this chapter, we present current techniques 
used after open skull base surgery exploring all 
available options but tailored to each case in par-
ticular. Endoscopic transnasal approaches are not 
included in the scope of this chapter as they will 
be extensively discussed by others.
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25.2  Systematic Zone-Based 
Approach

Few classifications have been described to better 
delineate the location, extent, and configuration 
of the surgical defects. In this sense, an optimal 
classification should comply with standardized 
nomenclature: (1) to facilitate communication 
among clinicians and (2) to create an algorithm 
that directly links the clinical decision-making 
with the best outcome for each case. Most of these 
attempts have failed to reach this kind of perfec-
tion. We prefer to use the classification developed 
by Irish and colleagues [1] that divides the skull 
base into three regions according to anatomical 
landmarks and tumor growth patterns. Region I 
includes tumors of the anterior fossa, clivus, and 
ventral extensions posteriorly into the foramen 
magnum. Region II includes tumors that arise in 
the lateral skull base with extension into the infra-
temporal and pterygopalatine fossa, involving 
middle cranial fossa. Region III includes lesions 
arising from the ear or temporal bone with exten-
sion into the posterior fossa (Fig. 25.1).

25.2.1  Anterior Skull Base (Zone I)

Tumors arising from the anterior skull base might 
invade both soft and hard tissues of the skull base 
creating a free communication between the cra-
nial cavity and paranasal sinuses. Repair of most 
large defects in the anterior cranial fossa follow-
ing the surgical removal of tumor or craniofacial 
trauma represents a challenge, given the often 
extensive bony and dural defects. Traditionally, 
surgeries for lesions located at the anterior fossa 
carries a significantly higher incidence of postop-
erative CSF leaks, that in some series account for 
more than one-third of cases [2]. Second, given 
its location, it is also important to maintain a 
functional sinonasal system and to achieve good 
cosmetic results.

As the complexity of surgical approaches 
and tumor removal in the anterior cranial fossa 
evolved, various reconstruction techniques also 
developed.

25.2.2  Middle Fossa Skull Base 
Defects (Zone II)

Temporal bone or middle fossa defects are much 
less frequent and have lower rates of CSF leaks. 
For didactic purposes, we classify temporal bony 
defects in anterior or petrous as such as tegmen 
tympani defects (Zone II) and mastoid defects as 
posterior (Zone III).

Tegmen tympani defects might be the poten-
tial source of cerebrospinal fluid (CSF) leakage 
into the mastoid and middle ear and, eventually, 
causing rhinorrhea given its communication 
through the Eustachian tube [3]. Symptoms may 
vary from the anterior fossa patterns, albeit uni-
lateral nasal discharge is a common presentation, 
given its communication through the Eustachian 
tube. Other clinical manifestations include unilat-
eral conductive hearing loss, tinnitus, imbalance, 
aural fullness, and meningitis. A tegmen defect is 
often a spontaneous idiopathic process and fre-
quently associated with idiopathic intracranial 
hypertension. However, temporal bone surgery, 
trauma, infections, or neoplastic invasion of the 
skull base may play a role as well [3].

Fig. 25.1 Irish and colleagues schematic division of the 
zones of reconstruction
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25.2.3  Posterior Fossa Defects 
and Posterior Petrous Bone 
(Zone III)

Communications between mastoid air cells 
and the petrous apex into the sphenoid sinus is 
another possible explanation for spontaneous 
CSF leak in a patient with tumor invasion or sur-
gery over the posterior third of the petrous bone. 
One should have a high level of suspicion for this 
possibility when a fluid level is seen in the mas-
toid air cells [3].

25.3  General Concepts in External 
Skull Base Reconstruction

In terms of general concepts of reconstruction, 
flaps can be classified by:

 (a) Congruity: describing the distance from the 
recipient to donation site (e.g., local, regional, 
distant).

 (b) Configuration: referring to design and 
method of transfer (e.g., advancement, rota-
tion, transposition, interpolation).

 (c) Components: skin, muscle, fascia, and bone.
 (d) Circulation: island, axial or free flap.

If aiming to repair the skull base, multiple 
options could be used through an open skull base 
approach. For this reason, a brief description of 
potential options will be presented.

25.3.1  Free Grafts

A free graft is considered a viable option for 
small defects, although its popularity for use dur-
ing open skull base surgery has decreased over 
the recent years. Repair of large defects using 
free grafts may result in rates of postoperative 
CSF leaks of up to 40% [4]. Free grafts can be 
classified as autologous or heterologous.

Free autografting implies the harvesting of 
tissue from a donor site to be transferred and 
implanted in a recipient site. Regretfully, this 

method bears significant disadvantages. Free 
tissue grafts lack blood supply; therefore, they 
require a well-vascularized recipient bed to allow 
the take of the flap [5]. Local grafts are often 
insufficient in size or their take is incomplete, 
not allowing for a reliable restoration of exten-
sive anterior skull base defects. Most commonly 
used free grafts include periosteum from the cal-
varium, fascia (temporalis fascia and fascia lata), 
cartilage, bone, and fat. Bone grafts are rarely 
used in skull base reconstruction. A relatively 
common indication for using bone grafts is the 
need for reconstruction of the orbital rim [6]. A 
rare but important consideration must be taken 
in, morbidly obese patients with obstructive 
sleep apnea, who may experience brain hernia-
tion through a large defect in the anterior cranial 
fossa [7]. Despite some benefits, bone grafts are 
prone to radionecrosis, which can evolve into 
more serious complications [5].

Heterologous free grafts, including a synthetic 
dura and bone substitute, might be used to cover 
small defects. However, this option bears sig-
nificant drawbacks, as synthetic materials carry a 
high risk of migration, bacterial colonization, and 
extrusion and are costly [8, 9].

25.3.2  Local and Regional Flaps

The pedicle nasoseptal or Hadad-Bassagasteguy 
flap [10] is one of the most popular local options 
for anterior skull base (Zone I). However, its use 
may be limited by tumor invasion, failure of the 
pedicle, lack of healthy mucosa, limited reach, or 
size. Although still possible to harvest other flaps 
from the nasal vault, such as the lateral nasal wall 
or inferior turbinate flaps, these are less reliable 
choices. When a nasoseptal flap is unavailable, 
other less common flap options must be consid-
ered, including the Oliver palatal island, the facial 
artery mucosal muscular, the temporoparietal, 
temporalis muscle, pericranial flaps, and other 
variations. A full description of these techniques 
is offered in other chapters. In the following text, 
we will describe the way that these options are 
used in open skull base surgery.
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25.3.3  Microvascular Free Flaps

Microvascular tissue transfer is useful for repair-
ing large three-dimensional defects in the skull 
base [11]. Flaps could be tailored to repair bone, 
dura, and soft tissue defects. In these cases, a vol-
umetric fill of dead space is obtained with high 
vascular quality. Size of the defect, donor site, 
and viability of recipient’s vessels are important 
considerations. For skull base reconstruction 
purposes, the rectus abdominis musculocutane-
ous, radial forearm fasciocutaneous, anterolateral 
thigh fasciocutaneous are the most commonly 
used. In patients requiring bony reconstruc-
tion common choices include the radial forearm 
osteocutaneous flap, fibula osteocutaneous flap, 
and osteocutaneous scapular flap [12]. A com-
prehensive description of the use of free flaps for 
skull base reconstruction can be found in Chap. 
21 (Microvascular Free flap).

25.4  External Surgical 
Approaches for Skull Base 
Reconstruction

It is necessary to preview the volume, tissue com-
ponents, localization, and surrounding structures 
of the skull base defect. In the following section, 
we describe the most used external approaches 
and reconstruction options.

25.4.1  Subfrontal and Transbasal 
Approaches

A subfrontal approach is considered to be the 
most established external approach for anterior 
skull base tumors, although some modifications 
are commonly advocated to reach the anterior 
cranial fossa [13]. Reconstruction rarely requires 
any other supplemental approach as a subfrontal 
approach is usually adequate.

The surgical technique of the transbasal 
approach has been widely described [14]. Briefly, 
the skin is incised posterior to the hairline, and 
a coronal flap is created in a subperiosteal plane. 
A coronal flap is elevated anteriorly beyond the 

supraorbital ridges and laterally superficial to the 
temporalis fascia. The pericranial flap is elevated 
up at the end of the surgery from the galea of the 
coronal flap extending to be 1.5  cm distal from 
the supraorbital nerves and vessels. These should 
have been carefully identified and dissected from 
the supraorbital notches upon the elevation of 
the coronal flap and exposure of the orbital rims. 
The lateral and medial walls of the orbits are then 
exposed, dissecting the periorbita and identifying 
the anterior ethmoidal arteries, which are clipped 
or ligated to further the exposure. Osteotomies of 
the anterior or the anterior and posterior frontal 
sinus walls, together with the nasal bony frame, 
part of the medial wall of the orbit, and a segment 
of the perpendicular plate of ethmoid bone, are 
then performed. Once the craniotomy is com-
pleted, gentle frontal lobe retraction is applied 
to expose the skull base. The tumor is resected 
including bilateral ethmoidectomies and sphe-
noidectomies if indicated. Finally, the dural defect 
is closed either primarily or using a dural graft. 
Collagen matrix can be used epidurally followed 
by the pericranial flap that is rotated to cover the 
entire skull base dura. It is important to adjust the 
pericranium in between the dura and the roof of 
the orbits laterally in order to have proper support. 
Often an endoscope is used through the nose to 
confirm proper placement. Nasal packing can also 
be used to keep the pericranium flap in position.

25.4.1.1  Pericranial Flap
The pericranial flap is a frequent reconstruction 
choice after a transbasal approach (Fig.  25.2). 
The flap limits are the supraorbital ridges ven-
trally and the superior temporal line laterally 
[14]. Its blood supply relies on the paired supraor-
bital (SO) and supratrochlear (ST) vessels arising 
from their corresponding ipsilateral ophthalmic 
artery; the SO trunk emerges from its homony-
mous foramen and is the dominant vessel; thus, 
its preservation is paramount for the flap survival. 
However, one supraorbital artery could supply 
the entire flap (i.e., minimum pedicle width is 
3  cm), efforts should be made to preserve both 
pedicles, unless the defect does not demand a full 
pericranial flap and base it in one pedicle will 
allow further rotation of the flap.
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Fig. 25.2 An anteroposterior and a lateral view of a pericranial flap harvested in a cadaveric specimen

Indications and Limitations
The pericranial flap (PF) has many advan-
tages over other options. First, the PF is 
easy to harvest and does not require addi-
tional incisions other than those required 
for the coronal flap elevation. Second, it 
has a significant vascular supply from the 
supratrochlear and supraorbital arteries, 
which assures its viability and healing [15]. 
For these reasons, the PF became the most 
popular for repairing defects following an 
open skull base resection.

Conversely, its use may be limited by 
prior facial trauma that could have compro-
mised its vasculature. Its arch of rotation is 
restricted, which reduces the versatility of 
this flap [16]. Others have reported a rela-
tively high rate of persistent CSF leak when 
using pericranial or galeal flap accounts, in 
comparison to the rest of rotational flaps 
[17]. However, that does not match our 
experience.

Key Points
 1. History of previous surgery, trauma or 

radiation, assess facial nerve function, 
and full examination of the scalp, look-
ing for incisions or wounds that could 
jeopardize the vascular supply.

 2. Use CT to measure the distance from 
orbital to most distant part of the defect 
to preview the length of the flap.

 3. Dissect the SO neurovascular bundle 
from the foramen by opening its infe-
rior aspect with small osteotomes.

 4. Delay the dissection of the flap until 
the end of the surgery. This better pre-
serves its integrity and blood supply.

 5. Confirm that at least one supraorbital 
pedicle is in good condition, and the 
flap is viable before reconstruction.

 6. Avoid overstretching or twisting the 
flap during the replacement of the cra-
niotomy bone grafts.

 7. Fix the flap to the bone with sutures 
whenever is possible.
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25.4.2  Temporalis Muscle Flap

In 2003, Tender et al. described the use of vas-
cularized temporalis muscle flap for successfully 
repairing defects along the tegmen tympani, via 
a subtemporal approach [18]. A few years later, 
in 2009, Taha and colleagues [8] used the same 
approach to repair a large middle fossa defect 
with a temporoparietal flap.

Tegmen defects often manifest by CSF leak 
that can present as rhinorrhea and/or otorrhea. 

When otorrhea is present, frequently a tympanic 
membrane defect is encountered and the brain 
may be observed herniating in the middle ear. 
Imaging often confirms a middle fossa meningo-
celes or encephaloceles (Fig. 25.3).

A temporal craniotomy centered over the pre-
auricular line is performed. With a high-speed 
drill, the craniotomy is then extended inferiorly 
to the level of the skull base. The dura mater 
is gently elevated off the skull base from a lat-
eral to a medial direction. The defect in the teg-
men is identified, and the herniated brain tissue 
 coagulated and separated from the defect. The 
osseous and dural defects are first sealed with the 
collagen membranes, and then the flap is placed 
between the skull base and the dura.

As in the subfrontal approach, the subtempo-
ral approach requires some level of brain retrac-
tion, although, in contrast to the transmastoid 
approaches, it allows for direct access to the bone 
and dural defects, as well as the herniated brain. 
This is particularly relevant for difficult cases, 

a b

c d e

Fig. 25.3 A 67-year-old male with a 3-month history of 
progressively worsening headaches, right aural fullness, 
and conductive right hearing loss due to acquired menin-
gocele. CT image shows a 6-mm defect within tegmen 
tympani (c) immediately lateral to the semicircular canal 

(e), complete opacification of the epitympanum and 
mesial tympanum and lateral displacement in the ossicu-
lar chain (a). In the MRI is a heterogeneous high T2 signal 
intensity (d) throughout this area which is contiguous 
with cystic encephalomalacia of the temporal lobe (b)

 8. Consider obliterating the sphenoid 
sinus with fat to prevent displacement 
of the tip of the flap.

 9. Use nasal packing to bolster the recon-
struction if needed.

 10. Irrigate the sinonasal corridor postop-
eratively with nasal saline solution to 
prevent and treat crusting.
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in which the brain herniates through the bone 
defect. Likewise, direct visualization allows pri-
mary close with suturing or collagen membrane 
plugging of the dural defect.

25.4.2.1  Temporalis Muscle Flap
The patient is positioned supine with an ipsilat-
eral shoulder roll, and the head rotated to the con-
tralateral side. Head might be fixed using a 
three-point fixing Mayfield arc. A horseshoe inci-
sion is placed with its anterior margin 1  cm in 
front of the pinna, and then it is curved posteri-
orly and inferiorly toward the mastoid tip. Hemi-
coronal incision could be used to expose the 
pericranium, aesthetic considerations should be 
considered for choosing the incisions, and 
endoscopic- assisted option shall be considered. 
Preauricular extension to the intertragic notch 
facilitates the exposure of the zygomatic root and 
the dissection of the pedicle flap and provides 
better rotation. Interlayer dissection is a conve-
nient option to preserve facial nerve function and 
give room to zygomatic arch osteotomies. Care-
ful release of the arch with further reconstruction 
should not impair the facial skeleton. Leaving the 
mid-portion of the arch attached to the masseter 
muscle promotes inferior retraction of the muscle 
and could help reconstruction. The pedicle 
divides in Y-shaped, anterior and posterior deep 
temporal artery, a branch from the internal maxil-
lary artery (IMA), knowing that we could split 
the flap in two separate pedicles and then have 
different axes.

Key Points
 1. Consider situations that could impact 

muscle volume or blood supply (nutri-
tional status, previous embolizations of 
the pedicle, effects of the adjuvant 
radiotherapy).

 2. Serial imaging to evaluate the muscle 
volume and extension (MRI) and esti-
mate skull base defect (CT).

 3. Aesthetic placement of the incision 
(consider the hairline) not using electro-
cautery over hair follicles. Consider the 
use of endoscopy and elevators to raise 
the flap through a skin tunnel.

 4. Start raising the temporalis muscle flap 
at its margins with the pericranium to 
use its maximum length.

 5. An interfascial approach will preserve 
the frontal branches of the facial nerve.

 6. Consider translocating the midportion 
of the zygomatic arch and removing the 
coronoid process of the mandible to 
enhance the flap arc of rotation. One 
may leave the zygomatic arch attached 
to the masseter muscle.

 7. Consider splitting the flap vertically to 
gain two flaps with different axes of 
rotation.

 8. When placing the flap, make sure it is 
not twisted or overstretched.

 9. Use a suction drain for the temporal fossa, 
no compressive dressing is needed.

Indications and Limitations
The main indication for this flap is the 
reconstruction of the floor of the middle 
fossa extending to the central aspect of 
the skull base. It can be approached tran-
scranial with a subtemporal craniotomy or 
extracranially through the infratemporal 
fossa (e.g., transpterygoid approach) [19]. 
Concerns about persistent CSF leaks and 
encephaloceles have been raised, although 
clinical results showed a low rate of these 
complications, even in the absence of a 

bone graft or titanium plates. Nonetheless, 
given its nature, atrophy of the muscle with 
loss of volume or scarring that might induce 
muscle retraction may lead to late postop-
erative CSF leaks [10]. Intraoperative use 
of lumbar drains is advocated by some to 
minimize brain retraction (see Sect. 25.6, 
limitations and complications of the open 
skull base surgery) [20].
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25.4.3  Transmastoid

Approaching a CSF leak through the mastoid is 
a good choice for cases in which some repair in 
the middle ear is needed, e.g., encephalocele or 
complication of a translabyrinthine approach.

Every transmastoid approach consists of full 
open of the mastoid air cells. Using the temporal 
line as a reference to dissect the middle fossa is 
inconsistent. Therefore, we advocate exposing the 
sinodural or Citelli’s angle first, as it is superficial 
and reliably indicates the position of the middle 
fossa dura and sigmoid sinus. Once that is accom-
plished, a cutting burr is applied parallel to the 
middle fossa dura to open all cells in contact with 
the middle fossa. It is recommended to leave a thin 
layer of cortical bone over the dura. At this point, a 
thorough exam is necessary to look for dural defects 
or encephaloceles. The dissection of the middle 
fossa dura stops at the antrum. Upon opening the 
mastoid, one can appreciate the lateral semicircular 
canal (LSC) and the aditus ad antrum (the aperture 
of the epitympanic recess to the mastoid antrum). 
Following this dissection, it is crucial to consider 
that the facial nerve lies 1–2 mm ventral to the LSC, 
and the tip of the uncus will point to the end of the 
tympanic segment. At this point, the entire middle 
fossa interface along the mastoid bone is exposed.

CSF rhinorrhea is a major complication of the 
posterior fossa approach through the labyrinth. In 
this technique, full exposure of the sigmoid sinus 
and identification of the jugular bulb is performed 
to obtain maximum retraction of the sigmoid sinus. 
The mastoid segment of the facial nerve is dis-
sected entirely, all the labyrinth bone is removed, 
and the endolymphatic sac is clipped (Fig. 25.4).

25.5  Combined Endoscopic Assist 
External Approaches

25.5.1  Temporoparietal Flap 
Combined 
with Transpterygoid 
Approach

In order to reconstruct skull base defects, par-
ticularly those related to the posterior aspect of 
Zone 1 (ventral defects), one could use vascular-
ized temporoparietal fascia. It is elevated via a 
preauricular- hemicoronal incision preserving the 
superficial temporal artery and vein. The vascu-
larized flap is then transferred to the sinonasal 
cavity through the infratemporal and pterygo-
palatine fossa.

Even though the flap could be harvested from 
either side, it is preferable to choose the side that 
the defect is more significant from the endona-
sal perspective or one where a transpterygoid 
approach has been completed.

Endonasal preparation—ethmoid, big antros-
tomy, SPA ligation, remove of full posterior 
and partial lateral maxillary sinus wall, and full 
exposure of pterygoid plates through the lateral 
and inferior displacement of the PPF content to 
create a tunnel from ITF.  Pterygoid plates may 
be drilled over the anterior aspect to enlarge this 
tunnel.

Transposition—the superficial layer of the 
deep temporal fascia is incised, avoiding facial 
nerve, creating the tunnel to TPF trough infra-
temporal fossa. Dilators are used to develop a 
non-compression space for the pedicle. The flap 
is then passed from the external region to the 
sinonasal cavity and is placed covering the skull 
base defect.

25.5.1.1  Temporoparietal Flap
The temporoparietal flap (TPF) is often an excel-
lent alternative to extensively cover large anterior 
and middle fossa defects [21]. The TPF, as a vas-
cularized flap, offers high chances of a success-
ful repair of a CSF leak, even after in sites with 
poor vascularity due to the deleterious effects of 
radiotherapy.

The temporal branch of the facial nerve 
arises from the facial nerve main trunk within 

Fig. 25.4 A presigmoid transmastoid dissection empha-
sizing a full exposure of the tegmen mastoideum and tym-
pani to carry a Zone II reconstruction
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the parotid gland and travels anterosuperiorly to 
innervate the frontalis orbicularis oculi, and cor-
rugator supercilii [22]. Knowing its anatomy and 
proximity to the orbital rim is mandatory to avoid 
undesirable effects.

The preauricular incision could vary in shape 
and length combined with a hemicoronal incision 
similar to that needed for the temporalis muscle 
flap. A careful study of the various layers of the 
scalp is extremely useful. An incision is carried in 
a straight vertical line to avoid proximal damage 
to the superficial temporal artery (STA), judicious 
use of bipolar cautery is recommended to avoid 
alopecia by damage to the follicles. Just under-
neath the hair follicles one can see the temporo-
parietal fascia. Dissection over this plane should 
expose the superior temporal line, respecting the 
temporal branches of facial nerve that run up to 
3 cm above zygomatic arch and 1.5 cm posteri-
orly to orbital rim (Pitanguy’s line—from 5 mm 
below tragus to 1.5 cm above the lateral extrem-
ity of eyebrow). Of note, the facial branches 
are situated in the superficial temporal fat pad 
between the superficial temporoparietal fascia 
and superficial layer of the deep temporal fascia, 
inferiorly the flap could be extended to through a 
dissection of the parotid gland and the STA and 
vein if more rotation is needed, posteriorly the 

flap can be freely extended even to aponeurotic 
gala but taking in consideration that the edges of 
the flap could be ischemic if too long. A reason-
able option is to follow the posterior branch of 
STA and ligate the anterior one, with this sparing 
the facial zone and utilizing wisely the surface 
area of the flap. After complete separation from 
temporal fascia, the flap is rotated based on the 
inferior pedicle (Fig. 25.5).

Fig. 25.5 A sequence of TPF dissection. The right dis-
section over superficial temporoparietal fascia (STF) 
shows STA pedicle and the temporal branches of the facial 
nerve (arrowhead), in the middle the STF fascia is 

reflected and is possible to see the superficial layer of deep 
temporal fascia covering the temporalis muscle, on the 
right the deep layer of the temporal fascia attached to peri-
cranium and some fibers of the temporalis muscle

Indications and Limitations
The TPF might be used to cover defects in 
the anterior and middle fossa. Endoscopic- 
assisted approaches might be implemented, 
such as the transpterygoid approach [19].

Its high vascularity and thinness make it 
an excellent, albeit time-consuming, alter-
native to cover large defects not only in 
the temporal fossa but also at the anterior 
fossa. Likewise, a bipedicled flap may pro-
vide an area of up to 15 cm wide, which is 
more than enough to cover the entire ante-
rior cranial fossa [23].

In cases with previous trauma or surgery 
of the superficial temporal artery, other 
approaches should be considered.
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25.5.2  Minimally Invasive 
Endoscopic Pericranial  
Flap [24]

In situations where a nasoseptal flap is not avail-
able for defects of the Zone 1, ventral skull base 
defects, a pericranial flap is a great alternative for 
reconstruction. The pericranial flap can be har-
vested via a full coronal incision or endoscopi-
cally with limited incisions.

If used for endonasal reconstruction, the 
flap is pedicled on one side and is harvested 
endoscopically through a mini coronal incision 
(5 cm). Skin and aponeurotic tissue are elevated 
from midline to temporal line using a long 
retractor and a scope. Careful dissection around 
supraorbital pedicles and Doppler localization 

are important to define pedicle width, usually 
3 cm around the supraorbital artery. Flap trans-
position to the nasal cavity is prepared through 
2  cm by 0.5  cm osteotomy over the nasion. 
Bilateral opening of the frontal recesses is com-
pleted endonasally, the flap is placed assisted 
by the endoscopic view and will rely upon the 
dura and the bone of anterior cranial fossa. The 
flap could reach from orbit to orbit all the way 
to the clivus. In order to optimize length, it is 
important to harvest the flap even more poste-
rior than the coronal suture. Nose is packed to 
keep the flap in position. These are left in place 
for 5–7 days.

25.6  Microvascular Free Flaps 
in Open Approaches

A microvascular transfer of tissue is useful for 
repairing a three-dimensional defect in skull base 
open skull base surgery. Free microvascular tis-
sue transfer is indicated to reconstruct complex, 
large, and difficult skull base defects, in cases of 
revision surgery and previously irradiated fields. 
The flap could be tailored to repair bone, dural, 
and soft tissue defects. By using microvascu-
lar free flaps, a volumetric fill of dead space is 
obtained with high vascular quality. Previous 
considerations are necessary such as the size of 
the defect, the donor site, viability of recipient’s 
vessels.

There is a trend toward a more frequent use 
of free tissue transfer for the repair of the cra-
nial base [2, 4, 25, 26]. Free flaps (FF) have some 
advantages over rotational flaps, as there is an 
increased risk of wound complications when the 
regional tissue has been previously irradiated 
or if there are plans for postoperative radiation 
[4]. On the other hand, these techniques usu-
ally require a qualified, trained surgeon, and it 
is time-consuming. Therefore, FF are, generally 
speaking, reserved for large defects, whenever 
previous or adjunctive radiation therapy has been 
already given or is planned to, or those defects 
involving several tissue layers [4].

Key Points
 – Damage of the hair follicles may result 

in alopecia, which can be avoided by dis-
secting the TPF from the overlying sub-
cutaneous tissue under magnification.

 – The superficial temporal artery is the 
main supply of the TPF.  US Doppler 
may confirm its patency and elucidate 
its location when planning the incision.

 – The TPF is a highly vascular flap.
 – The TPF is deeply adherent to the adja-

cent tissues in the upper part of the dis-
section and close to the superior 
temporal line. As such, it is recom-
mended to start the dissection near the 
ear where the loose areolar tissue per-
mits to create a plane that might be fol-
lowed cranially easily.

 – Avoid the cauterization near its pedicle 
to prevent injury to its blood supply.

 – One should not cross an imaginary line 
connecting the tragus to a point 3  cm 
superior and 2 cm lateral to the lateral 
supraorbital rim demarks an anterior 
line to avoid unintended injuries to the 
temporalis bran of the facial nerve.
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25.7  Limitations 
and Complications 
of the External Approaches

When dealing with extensive approaches, it is 
essential to have an upfront discussion of poten-
tial risks and complications. It is important that 
the patient and all members of the teams are 
aware of potential complications and sequelae.

Persistent CSF leak may represent the most 
common major complication associated with 
skull base reconstruction. When combining the 
use of pedicled vascular flaps with a multilayer 
reconstruction technique and the aforementioned 
principles, the current literature range cites rates 
of postoperative CSF leaks between 5% and 10% 
[24]. Nonetheless, the incidence of CSF leak 
varies widely depending on the series reported, 
based on the magnitude of the defect, its loca-
tion, and the approach/technique and materials 
used for closing the defect [16, 20, 27]. As such, 
recurrent CSF leaks are more frequent in the pos-
terior fossa that anterior fossa defects, which are 
more frequent than in the middle cranial fossa. 
Pedicled flaps, despite its technical complexity, 
significantly reduced the rate of CSF leaks [4, 5]. 
Likewise, pericranial flap, despite its benefits as 
a versatile and mobile flap, has reported a higher 
incidence of infectious complications in compar-
ison to other rotational flaps [16].

Another key factor in planning the surgical 
repair of a skull base defects is the planning of 
adjuvant therapies. As such, previously irradi-
ated tissues or postoperative radiation therapy 
increase the risk of wound dehiscence and CSF 
leak [4, 27]. Therefore, in this setting, pedicled 
flaps have been advocated for several experts 
[4, 27].

Others consider that bony reconstruction of 
the skull base is necessary to prevent herniation 
of the cranial content [28]. However, reconstruc-
tive techniques that avoid the use of bone grafts 
have demonstrated a very low incidence of this 
complication [27]. Moreover, the use of bone 
grafts or implants has demonstrated an increased 
risk of wound dehiscences and infections [20].

The complexity of the resections and recon-
structions of the lateral skull base does not allow 

Key Points
 1. Highly reliable method of reconstruc-

tion.
 2. Consider donor site morbidity.
 3. For a radial forearm flap, perform an 

Allen test, to ascertain adequate hand 
vascularization and avoid catastrophic 
complications.

 4. Careful Doppler monitoring postopera-
tively.

 5. Flap should be designed to fit the defect, 
preventing tension or kinking of the 
pedicle; therefore, avoiding areas of 
regional ischemia [12]

 6. It is recommended to use the well- 
vascularized portion of the flap to com-
plete a watertight seal of the dura.

 7. Drain the donor site to prevent hema-
toma or seroma that may lead to sec-
ondary infection.

 8. Prepares for alternative options.

Indications and Limitations
Free flaps are usually reserved for patients 
with extensive defects in which a maxil-
lectomy is required, with or without orbital 
exenteration, or with large skin defects 
along the forehead and palpebral tissues 
[27]. Other authors have supported the idea 
of using this approach for large extensive 
defects, or when the regional tissue has 
been irradiated or there exist plans for post-
operative radiation therapy.

Conversely, cosmetic results are not sat-
isfactory in many cases. Likewise, using 
free pedicled flaps for repairing anterior 
and lateral cranial fossa defects requires 
longer operative times and increases the 
complexity of the surgery. Free flaps have, 
after all, a rate of complications between 
10% and 50%, although higher rates of 
complications have been reported in series 
that included the most complex cases [4, 
20, 27].
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for one ideal technique for a given defect. It is 
crucial for the reconstructive surgeons to evaluate 
all the options and use their clinical judgment to 
select a method that they feel would work best for 
the unique characteristics of each defect.
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Postoperative Instructions

Werner Hosemann and Peter Valentin Tomazic

26.1  Introduction

Any postoperative measure and monitoring strat-
egy following closure of a frontal skull base leak 
is strongly dependent on the cause, size, location, 
and nature (“high ./. low flow”) of the defect, on 
the chosen grafting material together with the 
applied technique for defect closure and also on 
certain other factors related to the patient’s gen-
eral medical condition [1, 2].

An important factor of successful skull base 
repair is to take proactive intraoperative measures 
in order to avoid healing and health problems in 
the subsequent clinical course (Fig.  26.1). This 
anticipative strategy may include preservation of 
mucosa and turbinate tissues as well as ensuring 
ventilation and drainage of dependent sinus com-
partments besides careful selection of local flaps 
and transplants for defect closure.

During the early postoperative period, medical 
observation and care is focused on recognizing 
or, better still, on avoidance of any complication 
and on minimizing deficits of nasal physiology 
besides providing on-time personal recovery and 

taking care of special problems like hormonal 
imbalance in those cases having had lesions in 
the pituitary region. Generally, the related rec-
ommendations and algorithms for postoperative 
observation and therapy differ in literature and 
evidence for most of the common postoperative 
regimens is low.

26.2  Packing of the Surgical Field 
and Duration of Packing

Various packing materials from resorbable mate-
rials like surgifoam, surgicell to non-resorbable 
gauze packing or a variety of balloons (e.g., 
foley catheter, rhinorapid sponges) are described 
in literature. Packing is used in around 60% of 
cases; however, large scale randomized control 
trials are missing to support its benefit. The same 
holds true for duration although many authors 
recommend to remove them 3–5 days after sur-
gery. Resorbable materials are applied as support 
and keep grafting material in position. Balloons 
are used as an abutment for vascularized flaps 
mainly. Important considerations for packing 
are: (1) Not to displace the grafting material 
while placing the packing. (2) Insert a soft layer 
(e.g., surgifoam) of packing material between the 
graft and the remaining packing (e.g., balloon) 
to avoid ripping out the grafting material upon 
removal of packing. (3) Try to keep sinus outflow 
tracts open when placing resorbable material to 
maintain ventilation and drainage [3, 4].
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a b

Fig. 26.1 (a) MRI revealing a small mucocele below the 
lateral parts of a nasoseptal flap after transsphenoidal sur-
gery. (b) Endoscopy of the sphenoid sinus access several 

months later showing spontaneous resolution of the 
mucocele (30° endoscope)

26.3  General Postoperative 
Observation and Care

Immediately after skull base repair, atraumatic 
extubation merging with a smooth post- anesthetic 
recovery phase is strived for. Any delay of recovery 
from general anesthesia is attempted to be avoided.

Postoperative observation and treatment of 
patients in units for intermediate or intensive care 
are dependent on individual factors of the patient, 
the defect, and related closure techniques. Fol-
lowing repair of minor, clearly defined skull base 
defects, patients may be observed subsequently in 
a regular hospital ward for at least 24 h or for the 
time of administration of occlusive nasal pack-
ings. In contrast, those patients having had clo-
sure of big defects or patients having undergone 
major intradural manipulation should be super-
vised postoperatively in an intermediate inten-
sive care unit (ICU) for at least 24 h monitoring 
vigilance, cognitive functions, motor activity and 
senses at defined time intervals. If felt necessary, 
a special ophthalmologic control is called for. A 
bladder catheter may be left in place overnight 
and removed the following day [2, 5, 6].

Lumbar drains are suggested as helpful in 
some publications to reduce the rate of postoper-
ative CSF leaks after major endoscopic skull base 
surgery with repair of large dural defects. Other 
authors share the opposite view and avoid lumbar 
drains at all. In any case, duration of drainage is 
kept as short as possible [7–10].

Intake and output as well as serum and urine 
status (sodium, osmolarity) may be assessed and 
evaluated in patients after transsphenoidal inter-
ventions. Following major surgery on or nearby 
the pituitary gland and stalk, the pituitary–adrenal 
axis may be controlled by measuring the cortisol 
level in the morning of the second or third post-
operative day and serum sodium concentration 
should be controlled at least once after 5–10 days. 
The incidence of postoperative sodium dysregu-
lation ranges around 10% of respective major 
cases. As hyponatremia may occur also delayed 
and may show up in a nonspecific way, patients 
should be informed about the specific signs and 
symptoms. A regular endocrinologic control may 
be scheduled around 4–6 weeks postoperatively 
in appropriate cases. Hormonal substitution 
should be induced, if needed [11–13].
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Relevant infections of the operative cavity 
may occur in around 1–2%. The most important 
risk factor is a more or less obvious postopera-
tive CSF leak. Many infections are also causally 
linked with a lumbar drainage infection. Due to 
these facts, conspicuous nasal secretion at any 
time postoperatively is carefully collected and 
analyzed for beta2-transferrin or by beta-trace 
protein assay in order to substantiate possible 
CSF leaks as timely as possible. Certain extended 
defects (≥2 cm2) around the sella and clivus show 
a higher risk of postoperative leaks also after reg-
ular closure with a nasoseptal flap. Greater care is 
generally required in obese patients and patients 
following radiotherapy [14–17].

Nasal cannulas and transnasal tubes are 
avoided as far as possible. Special caution is 
needed while inserting enteral feeding tubes 
transnasally—correct feeding tube placement 
should be documented radiographically [18].

Longer term postoperative follow-up contin-
ues until symptoms resolve and the endoscopic 
examination is near to normal.

26.4  Imaging (CT Brain) in Early 
Post-op Period

Role and timing of postoperative imaging is a 
matter of controversial debate in literature and 
is also dependent on individual factors of the 
patient. After long-lasting surgical interventions 
leading probably to a prolonged anesthetic recov-
ery phase, CT scans are often called for as soon 
as possible. MRI may follow 48 h later.

Generally, a CT—or MRI—scan may be per-
formed after major surgery on the first or sec-
ond postoperative day to rule out incipient local, 
collateral, or intracranial complications (mostly 
infections, hemorrhage, accumulation of air), to 
control the correct position of any reconstruction 
material and to attest the viability of vascular-
ized local flaps by administration of gadolinium 
in MRI. Immediate revision surgery may follow 
confirmation of impeding or actual complica-
tions. Besides, the first postoperative scans serve 
as a “baseline” for follow-up and may allow 
checking the completeness of resection. Early 

postoperative imaging is advised especially in 
tumor surgery to rule out confounding contrast 
enhancements by reactive granulation tissue at a 
later time [5, 6, 15].

Subsequent imaging is done on an individual 
base referring to local factors and the underlying 
disease. Following major surgery, an additional 
regular control of the findings by means of CT 
scan or MRI is performed around 3 months after 
the intervention. Some also benign tumors are 
scheduled for control imaging regularly after 
6–12 months.

Viable vascular pedicled nasoseptal flaps have 
a characteristic enhanced MR imaging appear-
ance (T1) after administration of gadolinium 
(“C-shaped flap” within the operative defect, “open 
cup appearance”). Lack of the respective enhance-
ment may but must not indicate flap failure, risk for 
CSF leak, and the need of revision surgery [19–23].

Understanding the normal evolution of imag-
ing features in the first 6  months after surgery 
which mirrors regular wound reaction and heal-
ing is advised for any surgeon. Secondary sinus 
opacities may persist even after 1  year and do 
often not correlate to clinical symptoms. Muco-
cele formation beneath naso-septal flaps may be 
expected in up to 3%, the range being higher in 
younger patients [23–27] (Fig. 26.1).

26.5  Bed Rest

As of today, no studies exist addressing bed rest 
after CSF leak repair. A wide range is reported 
in literature from 0.5 to 7  days. The empiri-
cal importance to that topic lies in the idea that 
patient would not displace grafting material by 
excess movements. Other ideas are that early 
patient mobilization reduces intracranial pres-
sure and thus the rate of recurrent leakage. If bed 
rest is advocated, caution needs to be taken on 
antithrombotic measures. If the patient becomes 
mobilized, instructions about postoperative 
behavior and dos and don’ts need to be care-
fully addressed. Another associated factor to bed 
rest is length of hospital stay which also differs 
according to the medical system and associated 
costs [28].
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26.6  Head Elevation

The postoperative elevation of the head follows 
the same principle as early mobilization in order 
to decrease intracranial pressure. There is no evi-
dence in literature to support this. Since it does 
not cause additional burden to the patient or the 
personnel, it could be advocated in the postopera-
tive course.

26.7  Deep Venous Thrombosis 
Prophylaxis

There is no sound evidence with regard to tim-
ing or type of medical anticoagulation in patients 
following skull base surgery. Generally, cau-
tious movement and mobilization of patients is 
advocated after 24 h of bed rest. If neurological 
factors or specific drains impede autonomous 
mobilization and intensified nursing care cannot 
counterbalance this disadvantage, appropriate 
pharmacological regimens are called for [1, 10].

26.8  Hospital Stay

No studies exist to investigate the impact on hos-
pital stay on success rates of endoscopic CSF 
leak repair, and this factor is also associated with 
the respective medical system and associated 
costs but is reported to be around 36 h [29].

26.9  Diet Restrictions

Patients are advised to have a soft and low-salt 
diet after CSF leak repair in addition to stool soft-
eners and antiemetic therapy to avoid elevation of 
intracranial pressure through obstipation and/or 
vomiting. Soft diet should also decrease the risk 
of coughing. Moreover, food causing flatulence 
should be refrained from. In general, structured 
weight loss is recommended in obese patients to 
avoid recurrence.

26.10  Drug Therapy

Even minor local infection in the operative cavity 
may result in problems by, e.g., interfering with 
regular ingrowth of free tissue transplants. The 
recommended perioperative antibiotic regimens 
for prophylaxis differ in literature. Mostly i.v. 
antibiotic therapy is started immediately before 
surgery, and administration is continued for 
24–48 h, followed by oral intake for 3–10 days. 
According to literature, cefalosporins (e.g., 
ceftriaxone) and vancomycin are the most fre-
quently used drugs. Alternative pharmaceuticals 
are ampicillin-sulbactam, clarithromycin, ami-
noglycosides, or metronidazole as monotherapy 
or also in combination. The majority of authors 
promote therapy as long as any nasal packing is 
in place, not only to reduce the risk of toxic shock 
syndrome [1, 2, 6, 28, 30–32]. Two weeks post-
operatively, Gentamicin is sometimes given as a 
nasal spray for about 2 months [33].

After major skull base surgery leading to 
manipulation of the pituitary gland or stalk, a pro-
phylactic perioperative application of corticoids 
(e.g., 100  mg hydrocortisone) is often advised 
also in patients without previously defined pitu-
itary dysfunction [1].

Sometimes antitussives, antiemetics, and anti-
histamines are also recommended. Stool soften-
ers on demand may be given to avoid straining 
causing increases of intracranial pressure, and 
soft bowel regimen may be prolonged for a 
period of few weeks [4].

Intravenous pain medications may be given 
in the immediate postoperative period, being 
replaced by oral drugs like acetaminophen 
as soon as possible. Medications associated 
with coagulopathy or platelet dysfunction 
(NSAIDs) are restricted for a period of around 
2 weeks.

If possible and tolerated, systolic blood pres-
sure should be regulated to be not higher than 
140  mm Hg. If an increased CSF pressure is 
suspected, additionally acetazolamide may be 
applied.
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26.11  Precautions: Blowing 
the Nose, Lifting Heavy 
Objects, Leaning Forward, 
Sneezing, Coughing, 
Vomiting, Constipation, 
Physical Activity

Usually, certain rules of activity restriction are 
followed after skull base reconstruction—the 
level of stringency depends on the size of the 
skull base defect, type of repair, and individual 
biologic factors of the patient. Any patient is 
instructed to avoid maneuvers that may lead to 
inadequate intracranial pressure increase like 
heavy lifting, strenuous activity, and bearing 
down. The same holds true for pressure rise 
within the nasopharynx in conjunction with nose 
blowing, Valsalva maneuver, or sneezing—if it 
is inevitable, the latter should be done with the 
mouth open. Using straws for drinking should 
be avoided as negative nasopharyngeal pressure 
may result. These rules are maintained for up to 
4 weeks [1, 2].

Tobacco use is generally restricted as smoking 
is a predictor of bad outcome concerning nasal 
physiology.

26.12  OSA Patients and CPAP

For patients with CSF leak repair, postoperative 
CPAP could cause displacement of grafts, recur-
rent leak, and pneumatocephalus internus. Many 
surgeons thus recommend to refrain from CPAP 
use postoperatively, but no studies are present to 
validate the timeline of resuming CPAP therapy. 
The recommendations thus are based on surveys 
by the NSABS and 91.4% of surgeons recom-
mend pausing CPAP for low-flow intraoperative 
CSF leak and 92.2% for high-flow intraoperative 
CSF leak. At least 2  weeks of restrictions was 
recommended by the majority of surgeons in case 
of a low-flow intraoperative CSF leak (81.1%) or 
high-flow intraoperative CSF leak (87.9%) [34]. 
A more recent survey evaluated the timeline in 
more detail where in the presence of a small 

CSF leak, the mean duration would be 14.3 days 
(median, 14; SD, 9.8) and 20.7 days (median, 21; 
SD, 11.8) in the presence of a larger leak [35].

26.13  Air Travel

Small case studies have reported the associa-
tion between recurrent CSF leak and/or pneu-
matocephalus following air travel after surgery. 
Again, there is no evidence what the optimal time 
interval between surgery and air travel is. The 
NSABS survey reported that 87% of surgeons 
recommended restrictions of at least 1 week with 
low- flow leaks and 81% recommended at least 
2 weeks after high-flow leaks [34].

26.14  Sports and Heavy Duty Jobs

In animal studies, a sixfold increase of normal 
intracranial pressure was reached before porcine 
grafts failed [36] or 274–1048 cm H2O, respec-
tively, using various closure techniques which 
is a fivefold difference [37]. No human studies 
exist investigating the strength of grafts and their 
resistance to elevated intracranial pressure or the 
time interval to complete healing in and restitu-
tion of the integrity at skull base. However, the 
variability in in vivo animal studies is high and 
thus the time and extent of resumption of sports 
and heavy duty jobs should be critically evalu-
ated. The principle is the same as in most rec-
ommendations that physical activity can lead 
to elevated intracranial pressure or mechanical 
forces leading to dislodging of grafts and recur-
rent leakage. Since most recommendations go 
toward a 1–2 week pause of activities, the time to 
resume more strenuous physical activity should 
be longer especially in contact sports or lifting of 
heavy items. Despite the fact of delayed CSF leak 
recurrence, the majority recurs within 2  weeks 
after primary surgery, thus a 4  weeks restric-
tion seems feasible, but resumption of strenuous 
activities should definitely be preceded by nasal 
endoscopic follow- up [38].
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26.15  Time Interval to Return 
to Normal Activity

Neville et  al. showed that patients could arti-
ficially increase their CSF pressures by greater 
than 25  cm H2O from a mean resting pressure 
of 14.6 cm H2O to a mean pressure of 32.3 cm 
H2O by applying the Valsalva maneuver [39]. No 
data exists as to what pressures early postopera-
tive grafts are able to withstand changes but given 
the range of increasing intracranial pressure sim-
ply by the Valsalva maneuver patients should be 
informed thoroughly to avoid any pressure rais-
ing activity that may appear to be trivial like def-
ecation, sexual activity, or lifting groceries. As 
for driving or starting to work, recommendations 
are to wait 1–2 weeks, respectively [34].

26.16  Postoperative Nasal 
Physiology and Local 
Nasal Care

The specific benefit of intensive and systematic 
intranasal debridement is often questioned in lit-
erature. Nevertheless, certain practical rules of 
local care may show benefits as well for patient’s 
comfort as for the objective progress of local 
wound healing.

Postoperative nasal care is deliberately 
reduced during in the first days after removal of 
nasal packing. Generally, in this first phase of 
local nasal care, the major (inferior) intranasal 
airways are cautiously cleaned at least once a 
day to restore general nasal breathing and com-
fort. Local transplants at the skull base and also 
their specific covering with dissolvable packing 
remnants and crusts are not touched at all in this 
phase to avoid dislocation. Mist humidification is 
advised [1, 2].

Around 5 days later, the second phase of local 
care follows. Local care is extended and intensi-
fied as required according to endoscopic findings 
and patient’s complaints. Any obstructing crust 
should be removed as long as no force is trans-
ferred to the area of skull base repair by that act. 
This area of grafting is not directly manipulated, 
and adherent crusts are left in place until they 

begin to separate spontaneously, usually within 
2–6  weeks postoperatively. The patient is seen 
frequently with an individual but regular timeta-
ble. Proper healing is checked and any early sign 
of complication like local infection, CSF leak, or 
dislocation of transplants is looked for. Silastic 
splints covering a “reverse flap” on the nasal sep-
tum are removed after 10 days. For children who 
do not tolerate regular follow-up, also planned 
surgical debridement under general anesthesia 
may be considered.

Saline spray (0.9%) administration is started 
after removal of nasal packings. Antibiotic oint-
ments may be introduced under endoscopic 
control especially into frontal sinuses following 
type 3 surgery. Saline irrigations are allowed 
1–2 weeks postoperatively (e.g., twice a day) to 
wash out crusts, blood clots, and debris—this 
“nasal doushing” becomes the most important 
part of long-term local care [2].

Follow-up visits are scheduled at a later stage 
less frequently until nasal physiology is restored. 
A special training of olfaction may be advised 
in appropriate cases, structural integrity of the 
olfactory tract provided.

Following minor surgery, uneventful local 
healing leading to minor discomfort only may be 
expected. The most common postoperative com-
plain usually is nasal crusting.

After major endonasal skull base surgery, the 
time-course of restrictions in nasal comfort usu-
ally is underestimated—nevertheless, the major-
ity of patients shows a good QOL after 6 months. 
Postnasal drip and thick nasal discharge improve 
over 6–9 months [40–48] (Fig. 26.2).

The postoperative increase of intranasal space 
has no inevitable impact on the QOL; symp-
toms of an “empty nose” develop in exceptional 
cases only. Mucociliary clearance needs time to 
recover. The same holds true also for the olfac-
tory sense in those cases with missing structural 
deficits. Younger patients suffer often more and 
longer; average postoperative QOL is also worse 
in patients aged ≥55 years [49–51].

Increased sinus opacification on postoperative 
imaging is generally noted after major surgery 
and may require continued follow-up and also 
specific management. The skull base does not 
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Fig. 26.2 (a) View into the posterior common nasal cav-
ity after raise of a nasoseptal flap and also a reverse flap. 
Uneventful healing of the nasoseptal flap (*) in the poste-
rior transsphenoidal surgical corridor. Mucosal function 
is normal. Co.m.: middle turbinate of both sides; N.ph.: 
nasopharynx (30° endoscope). (b) View into the anterior 

right nasal cavity after raise of a nasoseptal flap and sec-
ondary defect closure applying a reverse flap. Impaired 
nasal physiology revealing septoturbinal synechia (1) and 
major crusting (2). Co.i.: inferior turbinate; S: nasal sep-
tum (30° endoscope)

tend to slip down into the nasal cavity even after 
extensive reconstruction using exclusively soft 
tissues [47, 52].

Long-time nasal sequelae following major 
surgery applying nasoseptal flaps may result out 
of secondary septal perforation and local tis-
sue necrosis leading, e.g., to nasal dorsum col-
lapse. Other lasting complaints refer to anosmia 
or hyposmia, intranasal synechia or nasal valve 
failure. Secondary Meningitis or CSR leaks are 
reported with an incidence of 1–7% after major 
surgery [53–55].

26.17  Postoperative Adjuvant 
Radiotherapy in Malignant 
Tumors

Success and stability of skull base reconstruc-
tion are generally not endangered by necessary 
adjuvant or neoadjuvant radiotherapy and che-
motherapy. Nevertheless, anticipating postop-
erative adjunctive therapy during the process of 
intraoperative selection of techniques for skull 
base reconstruction is advised, and preference 

of vascularized flaps is advocated. Delayed crop 
up of CSF leaks seems to be rare. Adjuvant 
therapy is scheduled and definitively started 
according to actual findings at follow-up visits 
about 6 weeks after major surgery. Patients have 
to be informed that postoperative radiotherapy 
is associated with significant reduction of the 
quality of life due to, e.g., increased crusting, 
bacterial overgrowth, and odor. Follow-up vis-
its based on endoscopy are scheduled every 
2 months during the first year, every 3 months 
for the second year, every 6  months until the 
fifth year, and then once a year. Clinical exami-
nations are supplemented by control imaging in 
a different time grid [56–59].
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Surgical Complications of Skull 
Base Reconstruction

Aldo Stamm, Eduardo Vellutini, and Camila Dassi

27.1  Prevention of Complications

Complex neurovascular structures that involve 
the skull base (SB) make it a surgically challeng-
ing region. Complications involving the SB are 
potentially catastrophic and should be taken into 
account, when considering the surgical indica-
tion [1].

In order to avoid complications, otolaryngolo-
gists and neurosurgeons must be properly trained 
in endoscopic skull base surgery. The challenges 
involving a three- or four-handed endoscopic sur-
gery are broader when compared with a standard 
endoscopic sinonasal procedure. A graduated 
exposure to increasingly complex cases is vital, 
in order to achieve satisfactory expertise before 
facing extended endoscopic approaches [2].

Familiarity with the anatomic region and the 
specific techniques involving each area of the skull 
base is the keystone of a successful procedure. Sur-
gical planning including review of preoperative 
images, multidisciplinary tumor meetings, antici-
pation of outcomes and complications, and detail-
ing of the instruments necessary for the procedure 
are crucial to surgical success. Further, detailed 
planning for the reconstruction of the defect, espe-
cially if there is a large defect, is paramount [3–6].

During the operation, cautious dissection and 
identification of the anatomical structures along 
with minimal trauma to the neurovascular com-
ponents are key principles that will lead to a 
favorable outcome [7–9].

27.2  Early Complications

27.2.1  Injury of Ethmoidal Arteries

Nasal cavity mucosa is the most common source 
of bleeding, both intraoperatively and postop-
eratively. The donor area site of the nasoseptal 
flap and the flap itself are common causes of 
perioperative oozing and postoperative epistaxis. 
Measures such as pre-packing the nose with neu-
ropatties soaked in cocaine-epinephrine solu-
tion, infiltration of the mucosa with 1:100,000 
epinephrine solution, meticulous manipulation 
of the nasal mucosa, warm saline irrigation, and 
electrocautery are effective options to control the 
mucosal bleeding during the procedure [10].
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Regarding arterial bleeding in the sinonasal 
cavity, care should be taken with the sphenopala-
tine artery and anterior and posterior ethmoidal 
arteries. During a transethmoid, transpterygoid, 
or transcribiform approach, careful identification 
of the arteries and their preemptive cauterization 
or ligation is recommended [10, 11].

In case of accidental injury to the anterior or 
posterior ethmoidal artery, complications such as 
severe hemorrhage, orbital hematoma, and CSF 
leak can occur. Active bleeding must be promptly 
controlled with bipolar cautery and close observa-
tion of the orbit is mandatory [12]. In some cases 
of posterior ethmoidal artery injury, drilling of 
the bony coverage of the artery may be necessary. 
If satisfactory endoscopic control of the bleeding 
cannot be achieved, an external approach through 
a Lynch incision is recommended for more proxi-
mal control of the artery. The anterior ethmoidal 
artery lies approximately 22–25 mm posterior to 
the anterior lacrimal crest while the posterior eth-
moidal artery lies around 12–15 mm posterior to 
the anterior ethmoidal artery [10, 13].

27.2.2  Cranial Nerve Morbidity

A pedicled vascularized flap is the most common 
technique used on a multilayered reconstruction 
of the skull base. They are frequently associated 
with free fat grafts, fascia lata graft, and alloplas-
tic materials [14].

One must consider the size of the free fat graft. 
Large grafts may result in the compression of the 
optic chiasm or optic nerves resulting in visual 
deterioration [15]. This is most likely to be seen 
after extensive drilling of the optic canal during 
tuberculum sellae meningioma resection.

Likewise, a “gasket seal” technique for skull 
base reconstruction usually results in a watertight 
closure of the defect and is also related to low 
rates of postoperative CSF leak [16]. Damage to 
the optic and abducens (II and VI) nerves may 
occur when there is a skull base defect with nar-
row or unstable bony rims in association with a 
large-sized piece of cartilage or bone used for the 
“Gasket-seal.”

27.2.3  Mucosal Flap Necrosis

Mucosal flap necrosis is a rare complication of 
vascularized reconstructions. The nasoseptal flap 
is based upon blood supply from the nasoseptal 
artery and may undergo ischemic necrosis if the 
pedicle is injured [17].

Long surgical procedures may lead to the 
flap’s death when surgical instruments constantly 
retract its pedicle. Special care should be taken 
during transclival, cranial-vertebral junction and 
transpterygoid approaches, so as to avoid inad-
vertent manipulation of the flap [17]. Further, 
narrow pedicles as a result of reoperations or 
technical problems while harvesting the flap may 
be risk factors for the nasoseptal flap necrosis 
(Video 27.1).

Once this complication is identified, a revision 
surgery should be performed.

27.2.4  Surgical Site Infection

Surgical site infections (SSIs) are infections that 
occur in the wound produced during an inva-
sive surgical procedure. Meningitis, intracranial 
abscess, and osteomyelitis are rare but notable 
complications related to skull base surgery [18].

In order to avoid SSI, perioperative antibiotics 
are commonly used. However, the impact of it on 
infectious rates is unclear and the routine use of 
prophylactic antibiotics in endoscopic skull base 
surgery is also highly debated [19–21].

Besides the fact that there are no current 
formal recommendations for perioperative anti-
biotic use in skull base surgery, and regimens 
vary greatly across institutions, we believe that 
this practice might avoid infectious complica-
tions.

In our practice, we usually use an intravenous 
first-generation cephalosporin during anesthetic 
induction for all endoscopic skull base proce-
dures and re-dosing is used on procedures that 
last more than 6 h. When non-absorbable pack-
ing is placed, intravenous cephalosporins are pre-
scribed during the first 48 h, or until the packing 
is removed, this being followed by 7 days of oral 

A. Stamm et al.



271

antibiotics. If there is no nasal packing, an oral 
second-generation antibiotic is prescribed on a 
7-day course in order to avoid acute sinusitis and 
extensive crusting.

27.2.5  Injury of Descending Palatine 
Nerve and Vidian Nerve 
During Access to Stemberg’s 
Canal Defect

Sternberg’s canal is a result of an incomplete 
fusion of different components of the sphenoid 
bone during intrauterine and childhood develop-
ment. It forms a lateral craniopharyngeal canal, 
which connects the middle cranial fossa and the 
sphenoidal sinus. This extremely rare malforma-
tion can lead to CSF rhinorrhea, meningocele, or 
encephalocele [22–24].

Surgical management of CSF leaks of the 
lateral wall of the sphenoid sinus is challeng-
ing. Transcranial and endonasal endoscopic 
approaches have been effectively used in order 
to treat this condition, and the route to be cho-
sen is based on the surgical team experience and 
on how far lateral the defect is. Regardless of its 
surgical complexity and its potential complica-
tions, a transethmoidal–pterygoidal–sphenoidal 
approach is an useful option for treating CSF 
leaks of the lateral [25].

When undertaking the transpterygoid approach, 
neural and vascular complications are the most 
significant. Vidian nerve injury can result in a 
decreased tear production that can lead to kerato-
conjunctivitis sicca. Another major neural compli-
cation is injury to the descending palatine nerve 
during the pterygopalatine fossa dissection result-
ing in palatal hypoesthesia. Furthermore, the infra-
orbital and maxillary (V2) nerves can be injured 
during this approach. Vascular complications 
encompass injury to the carotid artery and internal 
maxillary artery [26].

Accurate knowledge of the anatomy surround-
ing Sternberg’s canal is the key to avoid vascular 
and neural complications when managing CSF 
leaks in this area.

27.2.6  Early Complications 
of Postoperative CSF Leaks

27.2.6.1  Chemical or Infectious 
Meningitis/Encephalitis

Meningitis is a potentially life-threatening com-
plication of endoscopic skull base surgery that 
occurs in less than 5% of all cases [27]. It is 
mostly related to failure of the reconstruction 
and persistent CSF leak [28]. The overall CSF 
leak rate when vascularized flaps are used for 
the repair of the skull base defect can be up to 
6%, higher rates are related to free mucosal grafts 
reconstructions [29, 30].

Whether infectious or chemical in nature, 
meningitis commonly presents with fever, head-
ache, malaise, altered mental status and menin-
gismus. While true bacterial meningitis must be 
diagnosed and promptly treated with antibiotics, 
chemical meningitis requires immediate treat-
ment with steroids [27, 31].

Chemical meningitis results from irritation 
of the meninges with triggers such as physical 
manipulation, blood, foreign materials, bone dust 
and rupture of cystic lesions as in craniopharyn-
giomas and cholesterol granulomas [27, 31, 32]. 
The inflammatory-induced response can further 
lead to cerebrovascular vasospasm, thromboem-
bolic events, and death.

With a similar presentation profile, differen-
tiation between bacterial and chemical menin-
gitis is challenging, and it is usually based on 
laboratorial findings. CSF culture growth of an 
infectious agent would diagnose infectious men-
ingitis; however, sterile cultures do not exclude 
it especially when empiric antibiotics are pre-
scribed before the collection of the samples. 
When suspected, patients with low-grade fevers, 
normal CSF glucose, low CSF lactate, and mild 
serum leukocytosis are most likely to have asep-
tic meningitis [27].

Nonetheless, infectious meningitis must be 
promptly treated to avoid potentially devastat-
ing outcomes. At initial presentation, it is hard 
to distinguish from chemical meningitis, it is 
recommended that all patients be empirically 
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treated with antibiotics. The treatment may be 
discontinued after 72 h of sterile CSF cultures 
in cases where the harms of long-term antibi-
otics are greater than the dangers of bacterial 
meningitis [27, 31]. If there is a high suspicion 
of aseptic meningitis but no laboratory evi-
dence, steroids can be added to the treatment 
regimen.

27.2.6.2  Pneumocephalus
While slow reabsorption of intracranial air is 
expected following a skull base surgery, a ten-
sion pneumocephalus (TP) is caused by a one-
way passage of air through the dural defect 
(Fig. 27.1). Consequently, the air expansion into 
the intracranial space may result in increased 
intracranial pressure, extra-axial compression of 
brain parenchyma, and eventual fatal brainstem 
herniation.

The “Mount Fuji” sign on a CT scan is a clas-
sic find of a TP and consists of hypoattenuating 
subdural air that compresses and separates the 
frontal lobes [33].

Suspected TP necessitates prompt surgical 
release of the trapped air and a new and rein-
forced reconstruction of the skull base defect. 
Supplemental oxygen and strict maintenance of 
the blood pressure are important adjuvants to sur-
gical treatment to maintain parenchymal perfu-
sion [34].

27.2.6.3  Hydrocephalus
Hydrocephalus is a result of an imbalance 
between production and absorption of CSF that 
leads to distension of the ventricular system of 
the brain. Hydrocephalus has a range of incidence 
from 0.1% to 5.9% [35–37]. Prior craniotomy, 
prior radiation therapy, and postoperative CSF 
infection were also associated with an increased 
risk of developing hydrocephalus (Fig. 27.2).

Causes of hydrocephalus are numerous; how-
ever, neurosurgical procedures, especially those that 
involve opening of the ventricular system are more 
likely to complicate with hydrocephalus. Headache, 
disturbance of consciousness, nausea, vomiting, 
and psychomotor slowing are the main signs and 
symptoms related to this complication [38].

The occurrence of hydrocephalus after neuro-
surgical operations usually requires implantation 
of an external ventricular drain in the acute phase 
for the stabilization of intracranial pressure. 
Some patients will need permanent treatment, 
which is usually achieved with an implantation 
of a ventriculoperitoneal shunt [38].

27.3  Late Complications

27.3.1  Brain Herniation

A very unusual complication of endoscopic cra-
nial resections, frontal lobe herniation seems 

Fig. 27.1 Sagittal CT scan showing failure of the recon-
struction of the skull base and subsequent pneumocepha-
lus after 30  days of a re-do operation for pituitary 
adenoma

Fig. 27.2 Sagittal CT scan showing hydrocephalus after 
62 days of skull base repair with a microvascular flap
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Fig. 27.3 Sagittal T1 MRI showing a 7-year-old patient 
with brain herniation through the skull base defect after a 
transplanum approach for craniopharyngioma

to be more related to the presence of increased 
intracranial pressure than to the size of the ante-
rior skull base defect, surgical technique, and 
type of reconstruction (Fig. 27.3).

During the preoperative assessment for expanded 
endoscopic anterior skull base  resection, clinical 
and radiological assessment for undiagnosed intra-
cranial hypertension is especially recommended 
in patients with obesity and history of obstructive 
sleep apnea [39].

In high-risk patients, weight loss, sodium 
restriction, and acetazolamide may decrease the 
risk of long-term failure of anterior skull base 
reconstruction.

During the surgery, multilayered non-rigid 
reconstruction of the defect is paramount for 
a favorable outcome and will be enough in the 
vast majority of cases [40]. External transcranial 
approach may be considered in cases of repeated- 
failure of the reconstruction [39].

27.3.2  Anosmia/Hyposmia

Olfactory complications following skull base 
reconstruction have been the target of several 
studies in recent years. Although the results are 
controversial, the majority of them have sug-
gested a direct relationship between the utiliza-
tion of a vascularized nasoseptal flap and possible 
worsening of hyposmia and anosmia [41–44].

There is evidence that preserving normal sino-
nasal mucosa by limiting the disruption along the 
nasal cavity, avoiding middle turbinate resection, 
preserving the olfactory strip, and reducing the 
utilization of nasoseptal flaps may lessen postop-
erative morbidity related to nasal symptoms and 
improve rates of olfactory dysfunction [45–47].

27.3.3  Septal Perforation After Graft 
or Flap

Perforation develops in 14% of cases and may 
develop from septal cartilage necrosis as a result 
of the decreased vascular supply to the contra-
lateral septal mucosa [48, 49]. The main finding 
related to septal perforations is mild crusting, 
which can be managed, in the majority of the 
cases, with nasal saline irrigation [48].

An interesting alternative to the conventional 
posterior septectomy that results in a posterior 
septal perforation is harvesting the nasoseptal 
flap from one side of the nasal septum while the 
mucosa from the contralateral side is completely 
preserved. A conventional hemitransfixion inci-
sion is performed on the contralateral side allow-
ing the binostril approach. As with a conventional 
septoplasty, the hemitransfixion incision is 
sutured at the end of the procedure and the poste-
rior septal perforation is avoided [50–53].

Careful preservation of the contralateral pos-
terior nasoseptal artery, avoidance of mucosal 
trauma and intermittent releasing of the pressure 
against the nasal valve area with scopes seem to 
be helpful maneuvers that can preserve blood 
supply and potentially decrease septal complica-
tions [48, 49].

27.3.4  Donor Site Morbidity

Donor site morbidity is an important consider-
ation in the overall decision-making algorithm 
for skull base reconstruction.

27.3.4.1  Anterolateral Thigh
Free tissue transfer from the thigh provides 
well- vascularized composite tissue options for 
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reconstructing the skull base. Main complica-
tions related to lateral thigh free flaps are hema-
tomas (0.9%), seromas (2%), wound dehiscence 
(3.8%), protracted pain for longer than 6 months 
(2.6%), paresthesia (33%), and musculoskeletal 
dysfunction (3.4%) [54, 55].

27.3.4.2  Temporoparietal Flap
The temporoparietal fascia flap (TPFF) is a use-
ful tool for the reconstruction of large skull base 
defects such as resected dura or uncovered inter-
nal carotid arteries. It is usually indicated when 
local pedicled flaps are no longer available. Risks 
of alopecia, wound-healing problems, and injury 
of the frontal branch of the facial nerve must be 
taken in consideration when choosing this type of 
reconstruction [56].

Damage to the frontal branch of the facial 
(VII) nerve is always of concern among surgeons 
and to minimize the risk, it is recommended that 
the dissection remain deep to the fat pad that 
separates the superficial and deep layers of the 
temporal fascia [56].

27.3.4.3  Pericranial Flap
The pericranial flap (PF) is an older but still per-
tinent option to reconstruct the skull base defect 
after endoscopic endonasal approaches. Regard-
ing the indication, a PF can substitute a vascular-
ized nasoseptal flap in cases where the latter is 
not available [57].

The morbidity related to the donor area of 
the pericranial flap is generally mild with scalp 
edema, pain and hematoma as the main compli-
cations. Hematoma is usually avoided by using a 
suction drain for 1 day [57].

27.3.5  Paranasal Sinus Mucocele

During the past two decades, vascularized flaps 
have been the workhorse for the reconstruction 
of skull base defects. As this method involves a 
possible insert of the tissue over normal mucosa, 
mucocele formation must be monitored for dur-
ing long-term postoperative care (Fig. 27.4).

To minimize mucocele formation, cautious 
stripping of the sphenoid sinus mucosa adjacent to 

the defect is recommended. It is usually unavoid-
able to have some degree of mucosa remaining 
under the flap but despite this, the rates of muco-
cele formation after skull base reconstruction are 
usually lower than expected [58].

A short-term risk of 3.6% was found in 
patients in which aggressive mucosal stripping 
was avoided [58] although some authors have 
reported rates of between 0% and 8% [58, 59]. 
The pediatric population is thought to be at par-
ticular risk for this type of complication with 
incidence reported as high as 25% [41].

In cases that complicate with mucocele for-
mation during long-term follow-up after skull 
base reconstruction, surgical treatment is usually 
required.
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Failure of CSF Leak Repair

Jacob Friedman, Bobby A. Tajudeen, 
and Pete S. Batra

28.1  Introduction

Endonasal endoscopic repair of cerebrospinal 
fluid (CSF) leaks is well established as the stan-
dard of care for defects of the anterior skull base. 
Studies from the last 30 years of accrued experi-
ence with endoscopic techniques have consistently 
demonstrated success rates of approximately 90% 
for primary repairs and 97% or higher when sec-
ondary repairs are considered [1–6]. The low rate 
of failure combined with the reduced morbidity 
of minimally invasive techniques has led to the 
preference for endoscopic procedures over tradi-
tional open rhinological approaches or neurosur-
gical repairs involving craniotomy. Despite the 
proven advantages of endoscopic repair, its true 
failure rate is likely underestimated in the litera-
ture due to publication bias, and when failures 
do occur, they lead to an increased risk of men-
ingitis, pneumocephalus, and ensuing neurologic 
complications necessitating further surgery [5, 7]. 
Therefore, it is crucial to evaluate and discuss the 
causes of leak recurrence. Numerous studies have 
undertaken this task or commented on it, but thor-
ough investigation has only partially elucidated 
the causes of endoscopic CSF leak repair failure.

Factors that may impact the success of endo-
scopic repair are wide-ranging and fall into 
several categories (Table  28.1). These broadly 
include patient demographics and comorbidities, 
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Table 28.1 Factors that may impact CSF leak repair 
success

Patient demographics and comorbidities
   • Age, sex, smoking, BMI
   • ICP/BIH
   • DM, HTN
Etiology
   • Traumatic
    – Iatrogenic
    – Non-iatrogenic
   • Spontaneous
Site
   • Anatomic location, shape, size
   • Presence of malignancy
   • Presence of meningocele or encephalocele
   • Exposure to radiation
Variations in repair technique
   • Degree of leak exposure and visualization
   • Repair composition
    – Pedicled flap vs. free graft
    – Simple vs. composite
    – Underlay vs. overlay
    – Fat graft
    – Glues or synthetic materials
Adjunctive techniques or treatments
   • Intrathecal fluorescein
   • Nasal packing
   • Lumbar drain
   • Diuretics
   • Ventriculoperitoneal shunt

BMI body mass index, ICP intracranial pressure, BIH 
benign intracranial hypertension, DM diabetes mellitus, 
HTN hypertension
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features specific to the CSF etiology, severity, or 
anatomic characteristics, and variations in repair 
technique.

28.2  Patient Factors

28.2.1  BMI

Several large studies looking at data from a wide 
array of CSF leak types observed no association 
of repair failure with demographic data such as 
age or sex [1, 4, 6]. In these studies, no associa-
tion with BMI was observed; however, in analysis 
of certain CSF leak subgroups, there is consider-
able evidence that elevated BMI does play a role 
in leak development and recurrence.

Elevated BMI is associated with the de novo 
development of spontaneous CSF rhinorrhea and 
may have a causative role in its development [8]. 
One proposed mechanism purports that increased 
intraabdominal pressure from central obesity 
raises intrathoracic pressure and impedes cardiac 
venous return. This, in turn, causes increased 
intracranial venous pressure and decreased CSF 
resorption at the arachnoid villi. In the context 
of susceptible skull base anatomy, this elevated 
pressure may result in herniation of meninges 
and dural defect over time through which CSF 
begins to leak. For these reasons, elevated BMI 
and elevated intracranial pressure (ICP) are theo-
rized as potential risk factors for leak recurrence 
after successful repair.

Considerable evidence that BMI plays a role 
in repair failure arises from several studies. Basu 
et al. analyzed a group of eight patients with spon-
taneous leaks. In this group, only the patient with 
the highest BMI (>45 kg/m2) suffered  recurrence, 
and in fact, recurred despite a second repair. In 
their group of 11 patients with leaks sustained 
during transcranial procedures or during endo-
scopic skull base surgery, two patients with the 
highest BMI suffered recurrence in addition to 
several others. Sample size and the effect of con-
founders in this study limit the inferences that 
can be drawn from this data, but the subgroup 
analysis performed in this study is unique, and 
their findings suggest the possibility that BMI 

is a meaningful risk factor whose effect can be 
measured when the correct subgroup is analyzed 
[2]. This effect was more clearly observed in a 
very large study of CSF leaks after sellar surgery. 
Analysis of 1163 patients demonstrated the asso-
ciation of higher BMI with failure of intraopera-
tive CSF leak repair; however, the magnitude of 
this effect was not overwhelming (OR = 1.055) 
[9]. In two other large studies with a high propor-
tion of large skull base defects, BMI had a stron-
ger association with leak recurrence. In one of 
these series, a review of 615 patients who under-
went endoscopic skull base surgery reported that 
postoperative leaks occurred in 19% of obese 
patients compared to 12% in the non-obese group 
(OR = 1.75) [10, 11]. Higher BMI is associated 
with leak repair failure; its effects are most appar-
ent in the subset of larger skull base defects, and 
possibly at the extremes of obesity.

28.2.2  Elevated ICP

As discussed, elevated ICP is suspected to play 
a role in the development of spontaneous CSF 
leaks [8]. Its role as a risk factor for recurrence 
after leak repair is well supported in the litera-
ture. In one study of 53 cases, all patients with 
elevated ICP, as measured by CSF opening pres-
sure, experienced recurrence of leak after repair, 
and these represented 100% of recurrences (3 out 
of 53 cases) [12]. Similarly, in another study of 
97 cases, seven of eight total recurrences had ele-
vated ICP as evidenced by an empty sella, skull 
base erosions, hydrocephalus, prior diagnosis of 
intracranial hypertension (ICH), or presence of 
intracranial AVM. Additionally, the finding that 
postoperative vomiting is associated with recur-
rence is likely attributable to the transient eleva-
tion in ICP during emesis [10].

28.2.3  Other Factors

General risks of neurosurgical non-healing, such 
as prolonged steroid usage, failure despite mul-
tiple attempts at closure, and ongoing chemo-
therapy or radiotherapy, should also be taken 
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into consideration, but no association has been 
established between surgical failure and these 
concomitant factors [2, 12, 13].

28.3  Etiology

CSF leaks result from a wide range of patholo-
gies (Table  28.2). Characteristics of each eti-
ology may make surgical failure more or less 
likely. Classically, spontaneous leaks have been 
singled out as a subset more likely to recur after 
repair, but many other features of leak etiology 
and the particulars of size and location should be 
considered for their impact on the likelihood of 
recurrence.

Several larger studies surveying an array of 
leak types did not find the etiology of the CSF 
leak to be an independent predictor of failure 
[1, 3, 4, 6]. However, more focused studies have 
demonstrated an association between spontane-
ous leaks and recurrence in the context of ele-
vated ICP, and higher failure rates have been seen 
with the repair of iatrogenic leaks resulting fol-
lowing skull base surgery [2, 14, 15].

28.3.1  Iatrogenic Leaks

CSF leaks resulting from endoscopic sinus sur-
gery (ESS) are common and discussed frequently 
in the literature. Common sites for leak after ESS 

are the lateral lamella of the cribriform plate and 
the posterior ethmoid roof, especially in the con-
text of decreased skull base height [16]. Though 
the size of these defects can vary, they tend to 
be small and do not communicate with a cister-
nal space. Generally, these repairs are considered 
straightforward, and the rate of successful repair 
is reliably high when managed appropriately. If 
a leak is observed intraoperatively, it is recom-
mended that repair be undertaken at that time [1, 
2, 17].

Patients with leaks resulting from transcranial 
procedures are identified as a distinct population 
with high risk for endoscopic repair failure. In 
one analysis of patients with leaks sustained dur-
ing transcranial procedures or during endoscopic 
skull base resection, 46% (5/11) suffered recur-
rence, compared with 8% recurrence after repairs 
for spontaneous leaks or leaks after endoscopic 
sinus surgery. This disparity is attributed to dif-
ficulty visualizing the dural defect in these cir-
cumstances, as it tended to be out of view from an 
endoscopic approach or did not appear directly 
opposite the bony opening through which the 
leak flowed. Leak recurrence was reported in 4/4 
cases in which the dural defect was not directly 
visualized [2].

Patients who have undergone endoscopic 
resection of intradural pathology along the skull 
base comprise another population with iatro-
genic leaks at high risk for recurrence after pri-
mary repair [2]. In this group, large defects, leaks 
communicating with a cisternal space, and leaks 
at the posterior base of skull are features that 
portend recurrence [16]. The effect of other risk 
factors such as BMI and the use of non-pedicled 
flaps is also more pronounced in this group [11].

28.3.2  Non-Iatrogenic Traumatic 
Leaks

Among patients with non-iatrogenic traumatic 
leaks, special consideration must be given to 
high-velocity penetrating trauma of the skull 
base. This type of injury can shatter the skull base 
with multiple small fractures radiating from the 
primary point of penetrative trauma. In a case of 

Table 28.2 Causes of CSF leak

Traumatic
   • Iatrogenic
    – Endoscopic sinus surgery
    – Endoscopic skull base surgery
    – Transcranial skull base surgery
   • Non-iatrogenic
    – Closed or blunt trauma
    – Penetrating trauma
Spontaneous
   • Elevated ICP
    – Obstructive
    – Non-obstructive
   • Inflammatory erosion
   • Neoplastic erosion
   • Congenital skull base defect
   • Idiopathic
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a gunshot wound penetrating the cribriform area, 
Castelnuovo reports a surgical failure attributed 
to numerous microleaks in the area of the trauma. 
Revision with a large amount of abdominal fat 
ultimately controlled the leak [3]. More typical 
traumatic leaks can often be treated conserva-
tively with bed rest, head-of-bed elevation, and 
activity precautions with the option of a lumbar 
drain if these measures prove insufficient [18]. 
Some question the adequacy of this approach in 
light of a 29% rate of subsequent meningitis; they 
advocate consideration of a proactive endoscopic 
repair for these patients to minimize long-term 
risk of ascending intracranial infectious compli-
cations [1, 2].

28.3.3  Spontaneous Leaks

Spontaneous CSF leaks have been considered 
a unique population prone to recurrence after 
repair by any means, endoscopic or otherwise 
[19]. Published recurrence rates in this group 
range widely from 20% to over 80%, including 
recurrence at the primary site and late recurrence 
at a different location [4, 12, 19–21]. Evolution in 
our understanding of spontaneous leaks has led 
to the description of its association with elevated 
ICP and the development of updated management 
algorithms for these patients. In 56 patients with 
spontaneous leaks treated initially with surgical 
repair and then stratified to receive adjunctive 
diuretics or CSF shunting, an 11% recurrence 
rate was reported [22]. Others reported a compa-
rable recurrence rate of 13% employing a similar 
management algorithm, and in recent literature as 
many as 93% of spontaneous leaks thus treated 
remained closed after primary repair [23, 24].

28.4  Site of CSF Leak

Although large-scale systematic review has not 
borne out an association between the anatomic 
site of a leak and risk of recurrence, a case-by- 
case analysis by Castelnuovo et  al. of 24 pub-
lished cases of recurrence and four of their own 
revealed that difficulty repairing a leak in the 

superior or lateral sphenoid sinus is noted by sev-
eral authors as a reason for surgical failure [3, 5]. 
Others who have noted this difficulty advocate 
a transpterygoid approach to achieve adequate 
exposure of leaks in the lateral pterygoid recess 
of the sphenoid sinus [16, 18].

The posterior skull base is prone to leaks in 
the area of the clivus due to skull base surgery. 
The pontine cistern lies posterior to the clivus 
and can be the source of a formidable CSF leak. 
Leaks communicating with the subarachnoid cis-
terns are termed “high-flow,” and such defects 
demand meticulous closure. The higher risk 
of failure has led experts to advocate multilay-
ered repair in conjunction with a pedicled flap, 
such as nasoseptal flap [11, 16]. The high rate of 
repair failure for defects after resection of cranio-
pharyngioma and tumors with intraventricular 
extension is likely explained by their tendency to 
produce high-flow leaks [9].

In skull base surgery, the presence and charac-
teristics of tumor tissue introduces an additional 
element that may complicate repair. Recurrence 
of CSF leak is more likely after resection of pitu-
itary adenomas larger than 4 cm [14]. The larger 
defects created in these operations may also pre-
dispose toward leak repair failure; leaks are more 
likely to occur after repair of 6 cm2 defect than 
after repairs of 3  cm2 defect [11]. Size smaller 
than 4 cm likely has no measurable effect [12]. 
Residual tumor at the site of the leak is an obsta-
cle, but not a contraindication to repair attempts. 
Basu reports successful repair of three of four 
leaks with residual tumor present at the leak site, 
and even adjuvant radiation has not been found to 
preclude successful repair [2, 25].

The presence of meningocele or encephalo-
cele has not been observed to have an association 
with surgical failure [6].

Despite the reliability of endoscopic repair in 
most cases, it is imperative to consider the fea-
tures of CSF leaks for which an open or com-
bined approach would be more appropriate than 
an endoscopic-only repair. Such circumstances 
include but are not limited to the need for frontal 
sinus obliteration or cranialization, leaks of the 
extreme lateral or superior aspect of the frontal 
sinus, the presence of a large encephalocele with 
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incorporated intracranial vessel, and massive 
skull base defects. This is especially true when 
a revision procedure is being considered in these 
difficult scenarios [16, 18].

28.5  Technique

Over the years, the choice between a pedicled 
flap or a free graft, use of bone or cartilage in the 
repair, overlay or underlay techniques, or rein-
forcement with fibrin glue have all been shown to 
have comparable efficacy in experienced hands 
[6, 12]. Certain special cases, such as recon-
struction after endoscopic resection of intradural 
pathologies benefit from the use of a pedicled 
flap, but its superiority is not demonstrated in 
all circumstances [3, 11]. So long as sound tech-
nique is maintained, the method of repair should 
be tailored to the individual circumstance using 
the wide array of repair methods that have all 
been proven successful over the years.

The most important issues of repair technique 
are adequate exposure of the leak site, meticu-
lous preparation of the graft bed to ensure tight 
adhesion of the repair, and clearly visualization 
of the dural defect. Dural defects that are repaired 
without being visualized will recur with near 
certainty [2, 16]. Individual failures have been 
attributed to inadequate preparation of marginal 
mucosa, underestimating 5 mm of tissue shrink-
age in the postoperative period, overly conserva-
tive technique precluding exposure of the dural 
defect, and forgoing a bone graft or craniotomy 
in a larger (20 mm) defect [3].

28.6  Adjunctive Management

In an effort to reduce surgical failures, compre-
hensive management of CSF leaks has expanded 
to include the use of several adjunctive proce-
dures, techniques, and medical treatments.

Intrathecal fluorescein can provide accurate, 
real-time visual localization of the CSF leak, 
which is a prerequisite to consistently success-
ful repair (Fig.  28.1). Fluorescein also enables 
intraoperative confirmation of watertight closure 

which can be further tested with careful utiliza-
tion of a Valsalva maneuver [26]. The FDA has 
not approved the use of fluorescein in this man-
ner, and reported adverse effects include seizures, 
radicular symptoms, and transient paresis. How-
ever, concerns about the safety of fluorescein 
have been mitigated by safe experience with 
slow instillation of dilute concentrations of the 
dye; 0.1 ml of 10% fluorescein is mixed in 10 cc 
of patient’s CSF and instilled at 1  cc/min over 
10  min [27]. Nevertheless, the patient must be 
appropriately counseled, consented, and moni-
tored for adverse effects.

The placement of a lumbar drain enables ongo-
ing control of pressure by active CSF diversion, 
along with enabling the administration of intra-
thecal fluorescein. Whether the use of a lumbar 
drain has an effect on the success of leak repair 
has been vigorously debated in the literature. 
Casiano et al. demonstrated that lumbar drain use 
is not essential in the repair of leaks up to 3 cm, 
and others have published similar findings; how-
ever, in a randomized controlled trial assessing 
the use of lumbar drain in endoscopic skull base 
surgery, risk of post-op leak in the lumbar drain 
group was only 8% compared to 21% without a 
drain [15, 28]. The best interpretation of available 
evidence is that use of a lumbar drain does not 
provide significant benefit in smaller leaks, but it 

Fig. 28.1 Endoscopic view with 0-degree scope demon-
strates left lateral sphenoid meningocele with fluorescein- 
stained CSF
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may be instrumental in diverting CSF to increase 
the success of repair in large or high-flow leaks.

The lumbar drain also serves diagnostic utility 
in patients with elevated CSF pressures. Identi-
fying and managing elevated ICP in the context 
of spontaneous leaks is especially crucial, as this 
may be the causative factor in surgical failure or 
leak recurrence. Besides perioperative lumbar 
drainage, these patients can require long-term 
medical therapy or surgical measures to achieve 
lifelong control of ICH. Classic long-term inter-
ventions include acetazolamide and ventricular 
shunting. Recent literature has described venous 

sinus stenting in patients with ICH and associated 
venous sinus stenosis and surgical or non-surgi-
cal weight loss in obese patients [29, 30]. The 
precise indications for these newer interventions 
are still under scrutiny, and their effectiveness in 
preventing recurrent CSF leak remains unproven.

The introduction of treatment algorithms 
employing the use of lumbar drains, acetazol-
amide, or ventriculoperitoneal shunt in the con-
text of ICH initially improved the success rate of 
repair for spontaneous leaks from less than 80% 
to about 90% (Fig.  28.2) [22, 23]. Follow-up 
studies assessing this approach show even better 

Spontaneous CSF Leak

Endoscopic CSF Leak Repair

Evaluate for high risk:

1)BIH or history of BIH
2)Previous failed repair
3)High post-op ICP

Re-evaluate patient:

Ventriculoperitoneal
Shunt

Acetazolamide +
Observation1)Recurrence

2)Continue high post-op ICP
3)Patient preference

Yes

Yes

No

Acetazolamide Observe

N = 39

N = 15 N = 24

N = 9

N = 6

No

Fig. 28.2 Seth et al. 
[23] employed this 
algorithm to achieve 
high rates of success 
after repair of 
spontaneous CSF leaks

J. Friedman et al.



283

results with 93% primary and 100% secondary 
success [24]. Studies of long-term follow-up in 
these patients will reveal to what extent these 
measures suffice to mitigate recurrence.

In order to avoid transient elevations in ICP 
unrelated to underlying ICH, it is also important 
to discuss with the anesthesia team a proactive 
plan for prophylactic management of “buck-
ing” on emergence and postoperative nausea and 
vomiting [10]. Strict bed rest with head of bed 
elevation for 24–48 h and activity restriction in 
the postoperative period are common to many 
protocols and are intuitive measures to maintain 
stable ICP.

The use of these adjunctive approaches and the 
various techniques for leak repair are integrated 
and applied in the Cornell closure algorithm. This 
algorithm categorizes leaks by etiology and sever-
ity to define a graded approach to repair. Small 
extradural or intrasellar pathologies are managed 
with absorbable materials and dural sealant glue 
while large defects, pathologies beyond the sella, 
and spontaneous leaks are treated with multilayer 
closure including pedicled nasoseptal flaps and 
lumbar drain placement [31].

28.7  Recurrence

Rhinorrhea in the immediate or late post-op 
period should raise suspicion for recurrence of 
CSF leak. This may represent failure at the site of 
repair or recurrence at another site. In the popula-
tion of patients with spontaneous leaks and late 
recurrence, a new leak site should be considered 
and may be due to under-managed ICH.

The differential diagnosis for rhinorrhea in 
post-repair patients should certainly entertain 
suspicion for leak recurrence, but other causes 
should also be considered. These include postop-
erative drainage of mucus or irrigation fluid and 
rhinorrhea of allergic or nonallergic rhinitis. The 
diagnostic workup does not differ significantly 
from rhinorrhea in other posttraumatic patients. 
Physical examination should include a Dandy 
maneuver, nasal endoscopy, otoscopy, and, if 
available, visual inspection of fluid stain for a 
halo sign. Fluid should be sent immediately for 

the detection of ß2-transferrin. The presence of 
glucose in the rhinorrhea fluid is a traditional sign 
of CSF leak; however, it is an unreliable indica-
tor given the presence of reducing substances in 
mucus and should not serve as the basis of estab-
lishing diagnosis. If CSF rhinorrhea is confirmed 
or highly suspected, imaging should be under-
taken with high-resolution computed tomog-
raphy. Contrast-enhanced magnetic resonance 
imaging cisternography can often be helpful as 
well. Ultimately, some leaks may not be localized 
on imaging. In these cases, intrathecal fluores-
cein with intraoperative nasal endoscopy repre-
sents the best method for identifying the leak site.

If a recurrent leak is confirmed in the imme-
diate postoperative period, intervention should 
not be delayed. Late recurrence requires timely, 
but not emergent, attention. The underlying rea-
son for recurrence must be considered in order 
to determine the appropriate course of action. 
In a case of persistent ICH, acetazolamide or a 
VP shunt may be indicated with conservative 
management and observation of the leak site. If 
concerns about the adequacy of the initial repair 
are harbored, revision surgery should be consid-
ered and carefully planned. If features of the leak 
pose significant challenges to endoscopic repair, 
then combined, open, or transcranial approaches 
should now be considered.

28.8  Conclusion

Endoscopic repairs of CSF leaks are reliably suc-
cessful and have become increasingly so in recent 
years [10]. Poorer success rates in patients with 
spontaneous leaks led to the discovery of its epi-
demiologic associations with elevated BMI and 
increased ICP [32]. Elevated BMI plays a role in 
the recurrence of large or high-flow leaks, and 
ICH was observed to be a risk factor for recur-
rence in all leak types. Updated management 
algorithms that address underlying elevated ICP 
have demonstrated improved success rates.

Accrued experience with numerous methods 
and approaches has yielded an abundance of 
effective surgical techniques for the endoscopic 
repair of CSF leaks in the anterior and posterior 
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skull base as long as certain fundamental prin-
ciples are observed:

 1. The source of the leak must be clearly visual-
ized with an endoscopic approach appropriate 
for achieving optimal exposure.

 2. The margins of the skull base defect must be 
meticulously prepared, exposing underlying 
bone to facilitate tight graft adhesion.

 3. Grafts should be oversized to allow for 
shrinkage.

 4. The repair of large or high-flow leaks should 
be multilayered, include a pedicled flap, and 
consider employing the use of a lumbar drain.

 5. Underlying elevated ICP should be identified 
and addressed medically or surgically to 
decrease the risk of leak recurrence.

If these principles cannot be achieved, com-
bined, open, or transcranial approaches may be 
required in select cases.
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Role of Lumbar Drain in CSF Leak 
Management

Stephanie H. Chen, Jean Anderson Eloy, 
and Jacques J. Morcos

29.1  Introduction

Cerebrospinal fluid (CSF) leaks (spontaneous, 
traumatic, or secondary to surgical procedures) 
result in an open communication of the sterile 
subarachnoid space with the outside world. This 
can have catastrophic consequences, such as 
meningitis, empyema, or abscess formation, 
which can lead to significant morbidity and mor-
tality [1, 2]. Other complications of continuous 
CSF leakage include relentless orthostatic head-
aches and subdural hematomas. Lumbar drains 
have been used for the prevention of postopera-
tive CSF leaks, management of delayed postop-
erative CSF leaks, and treatment of spontaneous 
and traumatic CSF leaks. In this chapter, we will 
review some of the basic concepts related to lum-
bar drains for the management of CSF rhinor-
rhea, discuss the available literature, and provide 
some of the personal preferences and recommen-
dations from the authors’ experiences.

29.2  Concept and Role of Lumbar 
Drain in CSF Leak

Approximately 70–80% of CSF is formed by the 
choroid plexuses in the lateral, third, and fourth 
ventricles at a rate of 0.35 ml/min (350–500 ml/
day) [3]. CSF circulates from choroid plexus, 
through the ventricles, to the cisterna magna, 
basal cisterns, subarachnoid space, eventually 
draining into the dural venous sinuses. In cases of 
normal physiology, the pressure of the CSF 
spaces drives fluid through the resistance of the 
CSF channels and the resistance of the villi. 
However, a disruption in the barrier between the 
anterior and middle cranial fossa and sinonasal 
cavity creates a lower resistance pathway and 
greater pressure gradient as the sinonasal com-
partment is at atmospheric pressure. Subsequently, 
the CSF follows basic fluid principles, following 
the channel of least resistance, resulting in CSF 
rhinorrhea.

Lumbar drains (LD) are small flexible plastic 
tubes (Fig. 29.1) that are introduced into the lum-
bar subarachnoid space in order to provide an 
alternate CSF pathway utilizing gravity. CSF 
drains into the LD, bypassing the intranasal fis-
tula, thus allowing time for the natural healing 
and scarring of the defect. LDs are the second 
line of treatment for CSF leaks after maximal 
medical management with head of bed at ≥30°, 
routine use of stool softeners, and avoidance of 
straining/Valsalva maneuvers. The rates of suc-
cessful obliteration of CSF leaks with LDs is 
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Fig. 29.1 Lumbar drain with wire, 14G Tuohy needle 
and cap

dependent on the etiology and location. 
Alternatively, LDs can be placed prophylacti-
cally prior to surgery for multiple reasons 
 including decompression of CSF spaces, high 
probability of post-op CSF leak, or injection of 
intrathecal fluorescein to localize CSF fistulas.

29.3  The Use of Lumbar Drain 
in CSF Leak

CSF rhinorrhea from non-iatrogenic trauma is 
associated with 2% of all head traumas and 
12–30% of skull base fractures [4]. The majority 
of CSF leaks from closed head injury resolve 
with conservative management. Bell et  al. 
reported that 85% of 34 cases resolved with non-
surgical treatment over a period of 10 days, while 
the addition of CSF diversion with an LD only 
increased success rate to 90% [5]. Similarly, 
Mincy et al. reported spontaneous closure in 68% 
of posttraumatic CSF fistulas within 48  h of 
injury and 85% within 1 week [6]. While Albu 
et  al. suggest that initial LD insertion may 
decrease length of CSF leak time (4.83 ± 1.88 vs. 
7.03 ± 2.02 days, p < 0.0001), there was no dif-
ference in meningitis rates [7]. Thus, CSF diver-
sion for traumatic CSF leaks is typically reserved 
for patients who initially fail bed rest, head eleva-
tion, and strict CSF rhinorrhea precautions [5, 8]. 
Surgical repair is reserved for patients who fail 

conservative management or experience neuro-
logic deterioration.

Spontaneous skull base CSF leaks are often 
associated with sustained intracranial hyperten-
sion [9, 10]. Thus, conservative management with 
nonsurgical management and temporary CSF 
diversion is often associated with a higher risk of 
failure [11]. Surgical treatment through an endo-
scopic endonasal approach is most commonly 
used for anterior skull base leaks while middle cra-
nial fossa approaches are used for lateral temporal 
bone leaks. Routine LD use is more common in 
anterior skull base repairs than lateral skull base 
repairs [11]. Advantages of LD placement with 
surgery include the use of intraoperative fluores-
cein to localize the site of the leak with endoscopy 
and measurement of postoperative intracranial 
pressures. While many authors continue the LD 
for 2–5 days after anterior skull base repairs, mul-
tiple series and meta-analyses suggest that LD use 
does not influence the overall success or failure of 
the anterior skull base repair [11–13]. Taking into 
consideration the risks of LD, increased financial 
costs, and increased length of hospital stays, judi-
cious use of LD is recommended [14].

Delayed postoperative CSF leak is the most 
common serious complication of anterior skull 
base procedures. The rates of CSF leaks associ-
ated with transsphenoidal surgery are 3–6% [15, 
16]. LD placement or large volume lumbar punc-
tures are widely accepted strategies in managing 
delayed postoperative CSF leaks. In one series of 
1002 patients who underwent endoscopic transs-
phenoidal surgery, 69% (18/26) of patients with 
postoperative CSF leaks resolved with lumbar 
drainage or puncture alone, whereas 31% (8/26) 
required additional surgery [15]. Similarly in 
patients with a CSF leak after lateral skull base 
procedures, 76% (48/63) resolved with lumbar 
drainage while 24% (15/63) required revision 
surgery [17]. Thus, in the senior author’s prac-
tice, postoperative CSF leaks are managed ini-
tially with lumbar drainage. Persistent or 
recurrent CSF leaks after lumbar drainage are 
treated with revision operation.
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29.4  Indications for Lumbar Drain 
Placement in Skull Base 
Surgery

Lumbar drains are sometimes inserted prior to 
skull base surgery. For open transcranial skull 
base procedures, preoperative LD serves to 
decompress CSF spaces and improve access to 
the tumor and skull base. This is of particular 
importance in procedures where CSF cisterns 
cannot be accessed early on. We primarily con-
sider LD placement for subtemporal, interhemi-
spheric, and bifrontal transcranial approaches 
(Fig. 29.2a, b, c). For endoscopic endonasal skull 
base procedures, LD allows for injection of fluo-
rescein to detect occult CSF leaks. The LD is 
only maintained postoperatively in cases where 
the air sinuses have been violated and there is a 
high concern for CSF fistula.

The rate of CSF leaks after skull base surgery 
ranges from 3% to 40% with the highest rates 
associated with endoscopic endonasal surgery 
(EES) [14–16, 18, 19]. CSF leaks associated with 
skull base reconstructions are distinct from spon-
taneous or traumatic CSF leaks in that they more 
frequently involve large dural defects and “high- 
flow leaks” as defined as one that violates a ven-
tricle or cistern [20]. In contrast, “low-flow leaks” 
are defined as those that occur with dural opening 
but do not involve the ventricle or an arachnoid 

cistern. It has been demonstrated that LDs are not 
required for routine CSF leak repair or for skull 
base reconstructions with low-flow CSF leaks 
[20–22].

LDs are often used in the perioperative period 
of large EES skull base reconstructions to reduce 
intracranial pressure and stress on the repair. 
However, with the increased use of vascularized 
pedicled flaps for skull base reconstruction, the 
routine use of LDs for high-flow leaks has also 
been questioned. A number of retrospective EES 
series found increased risks of perioperative mor-
bidity without a significant decrease in CSF leak 
rate with LD use [19, 23–26]. Similarly, a meta- 
analysis of six retrospective studies including 
153 cases reported no significant benefit of lum-
bar drainage in reducing postoperative CSF leak 
recurrence (OR: 2.67, 95% CI: 0.64–11.10) in 
patients undergoing skull base resections [27]. 
However, there is significant heterogeneity in the 
literature in the definition of high-flow CSF leaks 
as well as size and location of the defects. 
Zwagerman et  al. performed a prospective ran-
domized controlled trial evaluating the use of 
perioperative LD for “high-flow CSF leaks” 
defined as a large dural defect ≥1 cm2, extensive 
arachnoid dissection, and/or opening into the 
ventricle or cistern. The authors randomized 187 
patients to either LD at 10  ml/h for 72  h after 
completion of surgery or no drainage. They found 

a b c

Fig. 29.2 Olfactory groove meningioma requiring bicoronal craniotomy with preoperative lumbar drain placement for 
CSF decompression
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that the postoperative LD cohort had an 8.2% rate 
of CSF leak compared to 21.2% in the control 
group (OR 3.0, 95% CI: 1.2–7.6, p  =  0.017). 
Furthermore, in a subgroup analysis, LD resulted 
in lower postoperative CSF leaks in patients with 
anterior and posterior fossa defects, but no differ-
ence in the suprasellar/sellar group [28].

In conclusion, we reserve the use of periopera-
tive LDs in skull base procedures:

 1. For CSF decompression in cases where early 
access to the cisterns is not possible.

 2. To permit the use of intraoperative intrathecal 
fluorescein.

 3. For high-flow CSF leaks with large dural 
defects.

29.5  Contraindications of LD 
in Skull Base Surgery

LD placement is a relative contraindication prior 
to skull base surgery in patients with obstructive 
hydrocephalus. In cases of large tumors with sig-
nificant mass effect, decreasing CSF pressure in 
the spinal canal by lumbar drainage can cause 
CSF and brain mass to herniate downwards. 
Thus, in these cases, if early CSF drainage is 
needed from the LD to access the tumor, an exter-
nal ventricular drain may be preferred. If an LD 
is used, care must be taken to prevent large vol-
ume CSF egress during insertion of the LD, and 
CSF should be removed slowly. Further contrain-
dications to LD placement include coagulopathy 
(INR > 1.4) and thrombocytopenia (platelet count 
<50,000) to avoid spinal hematoma as well as 
local skin infection near the site of the drain due 
to the risk of contaminating CSF.

29.6  LD Procedure, Precautions 
and Patient’s Instructions

29.6.1  Equipment (Fig. 29.3a)

 1. Lumbar Access Kit (14 G Tuohy needle, cath-
eter, connectors, sterile drapes, chloroprep 
sticks).

 2. Lumbar drain collection bag.
 3. Lidocaine 1% with epinephrine and 25G nee-

dle for injection.
 4. Mastisol, tegaderm.
 5. Sterile gloves, gown, mask, hat.

29.6.2  Procedure

 1. Position patient in lateral decubitus position 
(or sitting) with knees tucked into chest and 
neck flexed (fetal position) to facilitate open-
ing of the interlaminar space.

 2. Widely prep and drape the patient in sterile 
fashion. Prepare tray and drain.

 3. Approximate the L4-5 (L3-4) interlaminar 
space at the intersection of the spinous pro-
cesses and top of the iliac crest (Fig. 29.3b).

 4. Anesthetize the skin, tract, and interspinous 
ligament if necessary.

 5. The Tuohy needle is inserted with the bevel 
facing up at a 60-degree angle to the skin into 
the interspinous space until the dura is pene-
trated (Fig. 29.3c).

 6. Orient the bevel cranially and remove the 
needle stylet.

 7. If CSF is obtained, thread the lumbar drain 
catheter over the wire into the Tuohy needle 
to at the 15–20 cm mark (Fig. 29.3d).

 8. If the catheter cannot be advanced, withdraw 
the needle slightly or angle the needle more. 
NEVER PULL BACK ON THE CATHETER 
as this can cause shearing off of the catheter 
tip inside the thecal sac.

 9. Remove the needle over the drain and the 
wire inside the catheter while maintaining 
the catheter position. Cap the catheter.

 10. Mastisol around the site, spiral drain around 
on the mastisol, cover with tegaderm, ± 
suture drain at insertion site and connect the 
catheter to the drainage bag (Fig. 29.4).

29.6.3  Management

There are two primary protocols for managing 
LDs: draining at specific level or draining a spe-
cific volume per unit time. In the former, the 
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a b

c d

Fig. 29.3 (a) Equipment needed for lumbar drain place-
ment. (b) Approximate L4–5 interlaminar space by pal-
pating top of the iliac crest and spinous process. (c) Insert 

Tuohy needle at a 60-degree angle. (d) Thread lumbar 
drain catheter over the wire into the Tuohy needle until the 
15–20 cm mark on the lumbar drain

Fig. 29.4 Lumbar drain spiraled on the back with clear 
tegaderm dressing. All connectors and plastic portions 
should be padded with gauze. Inform patients to keep 
clean and intact

drain can be placed at a specific level in relation 
to the tragus and CSF will drain continuously. 
However, to avoid over- or under-drainage, the 
drain must be frequently adjusted based on the 
patient’s position, which can be laborious and 
prone to error. We prefer intermittent hourly vol-
ume of drainage (10–15 cc/h). The drain is inter-
mittently clamped once the desired volume has 
been drained.

29.6.4  Precautions

Thorough preparation and instructions regarding 
LD care should be provided to the patient prior to 
the procedure. Patients should notify nursing 
staff when changing positions or getting out of 
bed so that the drain can be clamped and leveled 
if necessary. The sterile dressing should remain 
intact at all times, and neither the patient nor their 
family should touch the drain. Finally, the patient 
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should be educated on warning signs including 
severe headaches, confusion, nausea, fever, pain, 
incontinence, leaking of fluid around the drain 
site, or tubing disconnection.

29.6.5  Removal

At the time of removal, the dressing should be 
removed under sterile conditions. Prep the drain 
site with chloroprep or iodine prep. Remove the 
LD and confirm that the catheter is fully intact 
with black dot at the tip. It is a good practice to 
place the patient again in the fetal position for the 
drain removal, to facilitate opening of the inter-
laminar space and minimizing the risk of the 
catheter “snapping” due to pinching. Suture the 
insertion site with a dissolvable 4–0 monocryl 
suture. Apply a sterile dressing and have the 
patient remain flat in bed for 1 h.

29.7  Complications of LD

The most feared complication of LDs is a brain 
herniation syndrome (uncal, subfalcine, tonsil-
lar) due to excess CSF drainage. In one case-
matched study, there was a 10% rate of brain 
herniation syndrome in patients who underwent 
craniotomy with LDs in contrast to 3.3% of 
patients with craniotomy alone [29]. Signs of 
herniation include deterioration of conscious-
ness, oculomotor palsy, respiratory distress, and 
decorticate or decerebrate rigidity. Treatment of 
over-drainage includes immediately clamping 
the drain and placing the patient in Trendelenburg 
position. If herniation is suspected, preservative-
free 0.9% normal saline can be slowly injected 
into the LD.

Similarly, there are rare cases of persistent 
pneumocephalus in which lumbar drainage can 
lead to suctioning of the air through an anterior 
skull base defect. Failure to recognize this phe-
nomenon can result in acute neurologic deterio-
ration and infection. Treatment involves clamping 
the LD and repeat operation with skull base 
reconstruction using a multilayer vascularized 
flap is possible.

Another serious complication of LD place-
ment is infection and meningitis. There is a 3–7% 
risk of infection with LD placement [30]. As 
there is no level I evidence regarding duration or 
CSF sampling of LDs, there remains significant 
heterogeneity in practice among physicians. It is 
known that both longer duration of catheteriza-
tion (>4 days) and CSF leak at site of puncture 
are independent risk factors for infection [30, 
31]. Thus, in our practice LDs are maintained for 
3–5 days only and surveillance CSF samples are 
obtained at the time of drain placement and 
removal. Any leaking around the catheter should 
be prevented by stitching the drain, and leaking 
into non-sterile areas should prompt consider-
ation for drain removal. Prolonged prophylactic 
systemic antibiotics (PPSA) also remain contro-
versial for LDs. Lewis et al. found no significant 
difference in incidence of LD infections after dis-
continuing their institutional protocol for daily 
CSF testing and PPSA [32]. Guidelines from 
numerous medical societies including the World 
Health Organization, the American Society of 
Health-System Pharmacists, the Infectious 
Diseases Society of America, the Surgical 
Infection Society, and the Society for Healthcare 
Epidemiology of America state insufficient evi-
dence to support use of antibiotics and advocate 
against the routine use of PPSA [33, 34].

The most common side effects of CSF drain-
age include headaches, dizziness, and nausea. 
These symptoms may be alleviated by caffeine, 
salt, acetaminophen, and antiemetics. However, 
if the symptoms are severe, this may indicate 
over-drainage. Care should be taken to ensure 
that the LD is leveled appropriately the patient’s 
position and the LD should be clamped when the 
patient is standing. Finally, if symptoms persist 
after the drain is removed, this may indicate a 
spinal fluid leak and a blood patch can be per-
formed to seal the leak.

Occasionally, the catheter can irritate a nerve 
root in the lumbar space leading to brief shooting 
leg or back pain. Redirecting the catheter at the 
time of insertion or having the patient reposition 
their body typically alleviates the pain. There are 
rarely sustained radicular or back symptoms after 
drain removal [35]. Patients with persistent back 
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pain and neurologic findings such as weakness, 
sensory loss, or incontinence require urgent 
assessment for spinal hematoma. While rare, spi-
nal magnetic resonance imaging should be per-
formed, and surgical intervention with a 
laminectomy and hematoma evacuation should 
be performed emergently in the presence of neu-
rologic symptoms to prevent permanent neuro-
logic deficits.

References

 1. Daly DT, et al. Extracranial approaches to the repair 
of cerebrospinal fluid rhinorrhea. Ear Nose Throat J. 
1992;71(7):311–3.

 2. Marentette LJ, Valentino J. Traumatic anterior fossa 
cerebrospinal fluid fistulae and craniofacial consider-
ations. Otolaryngol Clin N Am. 1991;24(1):151–63.

 3. Marmarou A, Beaumont A.  Physiology of the 
Cerebrospinal Fluid and Intracranial Pressure. In: 
Youmans JR, Winn HR, editors. Youmans neuro-
logical surgery. Philadelphia, PA: Saunders; 2011. 
p. 169–82.

 4. Eljamel MS. Fractures of the middle third of the face 
and cerebrospinal fluid rhinorrhoea. Br J Neurosurg. 
1994;8(3):289–93.

 5. Bell RB, et  al. Management of cerebrospinal fluid 
leak associated with craniomaxillofacial trauma. J 
Oral Maxillofac Surg. 2004;62(6):676–84.

 6. Mincy JE. Posttraumatic cerebrospinal fluid fistula of 
the frontal fossa. J Trauma. 1966;6(5):618–22.

 7. Albu S, Florian IS, Bolboaca SD. The benefit of early 
lumbar drain insertion in reducing the length of CSF 
leak in traumatic rhinorrhea. Clin Neurol Neurosurg. 
2016;142:43–7.

 8. Kirtane MV, Gautham K, Upadhyaya SR. Endoscopic 
CSF rhinorrhea closure: our experience in 267 cases. 
Otolaryngol Head Neck Surg. 2005;132(2):208–12.

 9. Chaaban MR, et  al. Spontaneous cerebrospinal 
fluid leak repair: a five-year prospective evaluation. 
Laryngoscope. 2014;124(1):70–5.

 10. Schlosser RJ, et al. Elevated intracranial pressures in 
spontaneous cerebrospinal fluid leaks. Am J Rhinol. 
2003;17(4):191–5.

 11. Lobo BC, Baumanis MM, Nelson RF. Surgical repair 
of spontaneous cerebrospinal fluid (CSF) leaks: a sys-
tematic review. Laryngoscope Investig Otolaryngol. 
2017;2(5):215–24.

 12. Casiano RR, Jassir D.  Endoscopic cerebrospinal 
fluid rhinorrhea repair: is a lumbar drain necessary? 
Otolaryngol Head Neck Surg. 1999;121(6):745–50.

 13. Hegazy HM, et  al. Transnasal endoscopic repair 
of cerebrospinal fluid rhinorrhea: a meta-analysis. 
Laryngoscope. 2000;110(7):1166–72.

 14. Caggiano C, Penn DL, Laws ER Jr. The role of the 
lumbar drain in endoscopic endonasal skull base 
surgery: a retrospective analysis of 811 cases. World 
Neurosurg. 2018;117:e575–9.

 15. Strickland BA, et  al. Identification and repair of 
intraoperative cerebrospinal fluid leaks in endona-
sal transsphenoidal pituitary surgery: surgical expe-
rience in a series of 1002 patients. J Neurosurg. 
2018;129(2):425–9.

 16. Gardner PA, et  al. Endoscopic endonasal resection 
of anterior cranial base meningiomas. Neurosurgery. 
2008;63(1):36–52; discussion 52-4

 17. Allen KP, et  al. Lumbar subarachnoid drainage in 
cerebrospinal fluid leaks after lateral skull base sur-
gery. Otol Neurotol. 2011;32(9):1522–4.

 18. Fraser S, et  al. Risk factors associated with post-
operative cerebrospinal fluid leak after endo-
scopic endonasal skull base surgery. J Neurosurg. 
2018;128(4):1066–71.

 19. Ivan ME, et  al. Risk factors for postoperative cere-
brospinal fluid leak and meningitis after expanded 
endoscopic endonasal surgery. J Clin Neurosci. 
2015;22(1):48–54.

 20. Patel MR, et  al. How to choose? Endoscopic skull 
base reconstructive options and limitations. Skull 
Base. 2010;20(6):397–404.

 21. Stokken J, et al. The utility of lumbar drains in modern 
endoscopic skull base surgery. Curr Opin Otolaryngol 
Head Neck Surg. 2015;23(1):78–82.

 22. Dehdashti AR, et  al. Endoscopic endonasal recon-
struction of skull base: repair protocol. J Neurol Surg 
B Skull Base. 2016;77(3):271–8.

 23. Eloy JA, et al. Efficacy of the pedicled nasoseptal flap 
without cerebrospinal fluid (CSF) diversion for repair 
of skull base defects: incidence of postoperative CSF 
leaks. Int Forum Allergy Rhinol. 2012;2(5):397–401.

 24. Garcia-Navarro V, Anand VK, Schwartz TH. Gasket 
seal closure for extended endonasal endoscopic skull 
base surgery: efficacy in a large case series. World 
Neurosurg. 2013;80(5):563–8.

 25. Ransom ER, et  al. Assessing risk/benefit of lum-
bar drain use for endoscopic skull-base surgery. Int 
Forum Allergy Rhinol. 2011;1(3):173–7.

 26. D'Anza B, et  al. Role of lumbar drains in contem-
porary endonasal skull base surgery: meta- analysis 
and systematic review. Am J Rhinol Allergy. 
2016;30(6):430–5.

 27. Ahmed OH, et  al. Efficacy of perioperative lumbar 
drainage following endonasal endoscopic cerebro-
spinal fluid leak repair. Otolaryngol Head Neck Surg. 
2017;156(1):52–60.

 28. Zwagerman NT, et al. Does lumbar drainage reduce 
postoperative cerebrospinal fluid leak after endo-
scopic endonasal skull base surgery? A prospective, 
randomized controlled trial. J Neurosurg. 2018;1–7.

 29. Motoyama Y, et al. Risk of brain herniation after cra-
niotomy with lumbar spinal drainage: a propensity 
score analysis. J Neurosurg. 2018;1–11.

29 Role of Lumbar Drain in CSF Leak Management



294

 30. Schade RP, et al. Bacterial meningitis caused by the 
use of ventricular or lumbar cerebrospinal fluid cath-
eters. J Neurosurg. 2005;102(2):229–34.

 31. Liang H, et  al. Risk factors for infections related to 
lumbar drainage in spontaneous subarachnoid hemor-
rhage. Neurocrit Care. 2016;25(2):243–9.

 32. Lewis A, Rothstein A, Pacione D. Results of a qual-
ity improvement initiative reassessing an institu-
tional lumbar drain infection prevention protocol. J 
Neurosurg Spine. 2018;29(1):54–8.

 33. Allegranzi B, et al. New WHO recommendations on 
intraoperative and postoperative measures for sur-
gical site infection prevention: an evidence-based 
global perspective. Lancet Infect Dis. 2016;16(12): 
e288–303.

 34. Bratzler DW, et  al. Clinical practice guidelines for 
antimicrobial prophylaxis in surgery. Am J Health 
Syst Pharm. 2013;70(3):195–283.

 35. Evans RW. Complications of lumbar puncture. Neurol 
Clin. 1998;16(1):83–105.

S. H. Chen et al.



295

Long-Term Follow-Up Strategy

Islam R. Herzallah and Mona Ashoor

30.1  Introduction

Endoscopic endonasal repair of CSF rhinorrhea 
has become the standard method of practice for 
skull base defects, with excellent prognosis and 
success rate by means of improved surgical tech-
niques and advancement in surgical instrumenta-
tion. Nevertheless, in order to maintain the 
success of the skull base repair, it is imperative 
that the postoperative follow-up course is equally 
taken into attention to maintain the repair integ-
rity and reduce complications such as recurrent 
CSF leak and meningitis. Despite the importance 
of postoperative management and long-term fol-
low- up in the ultimate success of the endoscopic 
technique, there is generally lack of evidence on 
the “optimal postoperative care” [1]. Hence, 
many of the postoperative strategies covered in 
this chapter are protocols applied in our own 
practice or described by different experts.

30.2  Intraoperative 
Considerations

Several intraoperative measures are important for 
a smooth postoperative course. Patency of 
exposed sinus ostia should be ensured at the end 
of surgery. Similarly, middle meatal patency is to 
be maintained by adequate middle turbinate 
medialization if the turbinate was not already 
removed or utilized as a flap. Covering the 
repaired defect area with a mucosal graft or a 
flap, as applicable, avoids extensive crust forma-
tion and promotes healing. It is important to 
avoid covering the sinonasal mucosa with the 
graft or the flap to avoid mucocele formation, 
which has been reported in up to 8% of cases 
after endoscopic skull base reconstruction [2].

We usually place a dissolvable hemostatic 
packing (e.g., Surgicel Fibrillar, Ethicon) to seal 
the edges of the graft, hold it against the underly-
ing bone, and promote inflammatory reaction and 
healing at the same time. The surgeon may also 
apply some tissue sealant (e.g., Duraseal, 
Medtronic) to further seal the edges of the defect 
and help holding the graft against the bone, 
although some authors have advocated that tissue 
sealant may be redundant and an unnecessary 
expense [3]. We then routinely apply several 
pieces of Gelfoam over the repair before placing 
a fixing piece of non-absorbable packing (e.g., 
Merocel, Medtronic) at the end to bolster the 
repair and ensure minimal mobilization of the 
graft. If possible, we place the Merocel while 
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maintaining at least a partially patent nasal air-
way for patient’s comfort. The Merocel is usually 
removed around the sixth postoperative day. 
Alternative methods of fixation include Foley’s 
catheter balloon or cut glove finger with a piece 
of Merocel inside. It has to be noted, however, 
that there is no evidence to support better out-
come with the use of nasal packing after endo-
scopic CSF leak repair, neither that favors one 
packing method over the other, and thus further 
research is required in this area [4].

30.3  Immediate Postoperative 
Care and ICU Management

Following endoscopic CSF leak repair, most 
patients can be admitted to the neurologic nurs-
ing floor or the specialized surgery unit. Patients 
with large skull base defects, meningoencephalo-
celes, significant intraoperative manipulations, or 
complex defects are admitted to a monitored neu-
rologic intensive care unit. Head is generally kept 
elevated for 30°. It is advisable to maintain sys-
tolic blood pressure below 140 mmHg. Breathing 
from a nasal cannula should be avoided to mini-
mize the risk of pneumocephalus and to decrease 
nasal dryness. Alternatively, breathing from a 
face tint with humidification is allowed. Urinary 
catheter is kept overnight and removed on the 
first postoperative morning to encourage ambula-
tion. Unless the patient has signs or symptoms 
suggestive of potential complications (e.g., 
severe headache, rhinorrhea, or altered mental 
status), routine postoperative computed tomogra-
phy after uncomplicated endoscopic skull base 
surgery seems to be unnecessary [5].

The use of lumbar drain in the postoperative 
setting remains controversial and depends on 
several factors, and this topic is discussed exten-
sively elsewhere in this book. In summary, the 
available evidence suggests that routine place-
ment of lumbar drains does not contribute to suc-
cessful outcome [4, 6]. Additionally, using 
lumbar drains appears to lengthen hospital stay 
and incur unnecessary costs and potential com-
plications such as pneumocephalus, persistent 
CSF leak from the dural puncture, meningitis, 

and brain herniation [4]. However, placing a 
lumbar drain in cases of spontaneous CSF rhi-
norrhea can provide useful information regard-
ing intracranial hypertension, which should be 
managed appropriately to improve success rate 
in such cases [7–9]. Lumbar drainage was also 
shown to reduce postoperative CSF leak after 
endoscopic endonasal skull base surgery for 
high-flow leaks defined as those with dural 
defect greater than 1 cm2 with extensive arach-
noid dissection, and/or dissection into a ventricle 
or cistern [10].

30.4  Early Postoperative Care

Following endoscopic closure of skull base 
defects, it is crucial to communicate with the 
patient to reinforce postoperative instructions to 
help avoid significant increase in CSF pressure 
for the early postoperative period. This includes 
avoiding leaning forward, straining, drinking 
from a straw, or heavy lifting. Patients are also 
instructed to avoid nose blowing and to maintain 
an open mouth whenever sneezing. Soft bowel 
regimen is also prescribed. We typically ask 
patients to continue on postoperative instruc-
tions for 6 weeks. However, because of insuffi-
cient evidence, human clinical studies are 
required to clarify if and how long restricted 
activity is necessary postoperatively [4]. 
Similarly, research is required to determine 
when patients can safely tolerate the CSF pres-
sure changes associated with air travel or with 
continuous positive airway pressure (CPAP) 
treatment [4].

In addition to the intraoperative antibiotic, 
 further antibiotic prophylaxis with anti- 
staphylococcal coverage is continued for the 
duration the non-absorbable pack is left in the 
nose to reduce the risk of toxic shock syndrome. 
Starting from the first or second postoperative 
day, saline nasal spray is gently installed 3–4 
times daily. Local ointment can also be applied 
repeatedly to help minimize nasal crusting. 
Merocel pack is left in place for around 6 days 
and then smoothly removed after gentle saline 
irrigation. Serial endoscopic debridement are 
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Fig. 30.1 Endoscopic view at 5 weeks post endoscopic 
repair of left cribriform defect CSF rhinorrhea using 
inlay–onlay technique with middle turbinate (MT) flap. 
FR frontal recess; MS maxillary sinus; FE fovea 
ethmoidalis

also carefully performed in the clinic to remove 
anterior nasal crusting and help maintain patent 
nasal airway, while avoiding debridement close 
to the repaired skull base defect for around 
5–6  weeks to prevent healing disturbance and 
graft displacement. By this time, meticulous 
debridement can be performed over the repaired 
area, and the mucosal graft or flap is expected to 
be visualized incorporating into the surrounding 
tissues (Fig. 30.1).

30.5  Special Considerations 
in Patients 
with Spontaneous CSF 
Rhinorrhea

Several studies have shown that spontaneous 
CSF rhinorrhea is associated with idiopathic 
intracranial hypertension (IIH) in most cases  
[9, 11–13]. Unless properly diagnosed and 
treated, IIH can result in 25–87% recurrence rate 
of CSF rhinorrhea [7, 11], compared to less than 
10% in patients without IIH [14].

Preoperative measurement of CSF pressure 
would be of limited value since the already pres-
ent leak decreases the CSF pressure [15]. On the 
other hand, postoperative measurement can 
detect intracranial hypertension if the appropriate 
protocol is implemented. To do so, a lumbar drain 
is placed at the time of graft placement; the drain 
is opened to maintain drainage at 5–10 mL/h. On 
postoperative day 2, the three-way stopcock 
attached to the lumbar drain system is turned to 
the off position to clamp the drain. About 3–4 h is 
allowed to pass to replenish the patient’s CSF 
volume, and then a standardized pressure trans-
ducer is connected to measure the CSF pressure 
before removal of the lumbar drain [9]. CSF pres-
sure should be measured at three separate occa-
sions during the day [7]. Some authors have 
highlighted the importance of continuous CSF 
pressure monitoring with lumber drain in place 
using a pressure monitoring system [8]. Such 
continuous monitoring takes into account intra-
cranial pressure (ICP) changes due to patient 
positioning or physiologic CSF pressure fluctua-
tion overnight, and thus can detect transient 
abnormal pressure elevations, e.g., in patients 
with obstructive sleep apnea [8, 16].

Patients with elevated CSF pressure (>25 H2O) 
should undergo a proper management protocol  
[7, 9]. Initially, we recommend acetazolamide 
500 mg twice daily, along with a weight reduction 
regimen. If ICP remains above 25 cm H2O despite 
acetazolamide, addition of furosemide or chang-
ing to topiramate may be considered [7]. Patients 
who continue to have elevated CSF pressure or 
papilledema should undergo optic nerve fenestra-
tion or some sort of CSF diversion, e.g., ventri-
culo-peritoneal shunt (VPS) [7].

Serial postoperative neuro-ophthalmologic 
evaluations of patients should be performed. It 
is possible that patients could develop worsen-
ing vision after repair. In one study, 7% of 
patients were reported to have papilledema after 
closure of CSF rhinorrhea and 25% were found 
to have visual field defects as well [17]. Patients 
may also develop headache and tinnitus as signs 
of IIH.

30 Long-Term Follow-Up Strategy
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30.6  Frequency and Length 
of Follow-Up After CSF Leak 
Repair

The aim of the postoperative follow-up after CSF 
leak repair is to ensure complete healing of the 
surgical site, cessation of the CSF leak, resolu-
tion of the underlying etiology, and absence of 
complications. It is well established that most eti-
ologies of CSF leaks (i.e., neoplastic, iatrogenic, 
and traumatic) have low recurrence rates of 
<10%. However, spontaneous CSF leaks are 
known to have higher rates in the range of 
25–87% [7, 11, 18]. Hence, the long-term 
 follow- up will depend on the patient and the 
underlying pathology causing the CSF 
rhinorrhea.

After the serial evaluation and debridement 
stated earlier, further follow-up visits will depend 
on the endoscopic status of the nasal cavity, the 
aim should be reaching an endoscopic view with 
no crusting, well-incorporated graft margins, 
healed nasal mucosa, and no CSF leak (Fig. 30.2). 
There is still no consensus on the exact timing of 
postoperative follow-up after CSF leak repair. In 
a retrospective analysis by Castelnuovo et al. of 

31 patients treated by the endoscopic approach 
for CSF rhinorrhea repair, the follow-up con-
sisted of endoscopic evaluations every 3 months 
for the first year followed by twice yearly until 
the fifth year [19].

In a prospective cohort study of nasal morbid-
ity following skull base surgery in 63 patients, 
the authors found that the most common morbid-
ity is nasal crusting, which was present in 98% of 
patients with nearly 50% of patients having mod-
erate to severe crusting at 1  month postopera-
tively. The median time to absence of nasal 
crusting in this cohort was 101  days. Patients 
who had a more complex approach had a signifi-
cantly longer time to be free of nasal crusting 
compared with a simple approach (105 vs. 
93 days). The median time for re-mucosalization 
in patients with nasoseptal flap (NSF) was 
89 days (95% CI, 72.7–105.3) [20]. It is impor-
tant to understand the timeline of these changes 
in order to educate patients about the expected 
postoperative course, as well as for timing of 
postoperative follow-up visits. In a literature 
review, the incidence of mucocele formation post 
endoscopic skull base reconstruction has been 
reported to be 8% [2]. Hence, patients should 
also be monitored postoperatively for signs and 
symptoms suggestive of mucocele formation.

A meta-analysis of complications post repair 
of a cerebrospinal fistula revealed a very low 
incidence of surgical complications such as men-
ingitis (0.3%), brain abscess (0.9%), subdural 
hematoma (0.3%), smell disorders (0.6%), and 
headache (0.3%) [21]. Similar results were found 
in a survey of the members of the American 
Rhinologic Society for the safety and efficacy of 
endoscopic repair of CSF leaks and encephalo-
celes; it was found that 2.5% of 522 patients sur-
gically managed for CSF fistula suffered a 
complication, the most common being meningi-
tis at 1.1% [22]. This indicates that postoperative 
complications are rare and probably close life- 
long follow-up might not be necessary, in con-
trast to the transcranial approach for CSF 
rhinorrhea repair where delayed meningitis has 
been reported and patient follow-up is recom-
mended to be life-long.

Fig. 30.2 Endoscopic view 1 year post endoscopic repair 
of left fovea ethmoidalis CSF rhinorrhea using inlay–
onlay technique with middle turbinate (MT) flap. FS fron-
tal sinus; SS sphenoid sinus

I. R. Herzallah and M. Ashoor



299

30.7  Methods of Surveillance

30.7.1  Clinically

Detailed history should be taken from the patient 
at every postoperative visit, focusing on symp-
toms suggesting recurrent CSF rhinorrhea such 
as unilateral watery rhinorrhea, also symptoms of 
sinusitis/sinus mucocele as a complication of 
sinus drainage obstruction, and symptoms sug-
gestive of increase intracranial pressure such as 
headache and blurred vision. This should be fol-
lowed by an endoscopic nasal examination, uti-
lizing rigid angled scopes (30°, 45°) to evaluate 
the reconstruction site, focusing on complete 
mucosal healing, no crusting, inflammation, pat-
ent sinus outflow tracts, and no CSF leak.

30.7.2  Postoperative Imaging

There is still no consensus on the method and 
timing of imaging after endoscopic skull base 
surgery; some authors advocated to perform a 
postoperative computed tomographic scan on 
day 1 postop in order to obtain a baseline image 
and to identify any complications that may not 
have early neurological signs but might have seri-
ous long-term complications (such as subdural 
hematomas and early tension pneumocephalus) 
[23]. However, as stated earlier in this chapter, 
recent evidence suggests that routine postopera-
tive computed tomography after uncomplicated 
endoscopic skull base surgery seems to be unnec-
essary, unless the patient has signs or symptoms 
suggestive of potential complications (e.g., 
severe headache, rhinorrhea, or altered mental 
status) [5].

Subsequent imaging is individualized and per-
formed based on factors such as underlying 
pathology and extent of tumor resection obtained 
(gross total vs. subtotal resection). For benign 
pathology, this is anywhere between 6 and 
12 months, whereas imaging is performed sooner 
and more frequently for malignancies [1]. 
Figure  30.3 shows a sinus CT scan performed 
1  year after successful repair of left CSF 
rhinorrhea.

When repair of a defect is near a sinus outflow 
tract, there is a risk of obstruction of the normal 
sinus drainage, which may lead to a mucocele 
formation. In such cases, a postoperative follow-
 up with CT scanning is appropriate to rule out the 
development of a mucocele when there is con-
cern for obstruction and a pre-knowledge of the 
surgical procedure that was near a sinus outflow 
tract.

Postoperative MRI is usually done for cases in 
which there is concern for residual disease and to 
better delineate the surround structures such as 
dura and cranial nerves.

30.7.3  Neuro-Ophthalmological 
Evaluation

Patients presenting with headache or visual field 
disturbances after CSF leak repair, or in whom 
IIH is suspected as a cause of the leak, should 
have a neuro-ophthalmological evaluation to 
assess for increased ICP. In a series of 28 patients 
who received neuro-ophthalmologic evaluations 
postoperatively, two (7%) patients had papill-
edema and seven (25%) developed visual field 

Fig. 30.3 Computed tomography of paranasal sinuses 
one-year post endoscopic repair of left CSF rhinorrhea 
using inlay–onlay technique with middle turbinate (MT) 
flap
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defects which was due to an increase in mean 
CSF pressures [17].

Patients with active CSF leaks due to increased 
ICP usually do not present with papilledema 
before the surgical repair. Aaron et al. [24] exam-
ined the presence of preoperative papilledema in 
spontaneous CSF leaks of 16 patients, none were 
found to have papilledema. Once the CSF leak 
has been repaired without attempting to normal-
ize the high ICP, these patients may present with 
postoperative papilledema. This might be 
explained by the hypothesis that the leak acts as a 
release valve reducing the incidence of papill-
edema [25]. Thus, it is a possibility that patients 
may develop worsening vision after repair.

30.7.4  Quality of Life (QOL) 
Assessment

QOL assessment provides important information 
regarding the surgical outcome of endoscopic 
skull base reconstruction surgery and the associ-
ated sinonasal morbidity. Numerous QOL ques-
tionnaires have been proposed for endoscopic 
skull base surgery outcome assessment and sino-
nasal morbidity postoperative. Examples of QOL 
forms include: Rhinosinusitis Outcome Measure 
(RSOM)-31 [26], Short Form-36 (SF-36) [27], 
Anterior Skull Base Questionnaire [27], Anterior 
Skull Base Nasal Inventory-12 [28], Sinonasal 
Outcome Test (SNOT)-20 [29], and SNOT-22 
[30, 31].

Initial QOL scores are the lowest during the 
early months postoperatively, which gradually 
normalizes after 3–9  months postoperative  
[28–32]. More extended surgery (such as NSF) 
will lead to lower QOL scores, poorer SF-36, and 
RSOM-31 scores at 3  months after surgery  
[26, 27].

Olfactory outcome after endoscopic skull base 
surgery shows contradictory results in literature. 
Some patients have stated the return of olfaction 
sense back to normal several months postopera-
tively, despite surgical resection of the olfactory 
neuroepithelium lining the cribriform plate, 
superior turbinate, superior septum, and in some 
areas of the middle turbinate during endoscopic 

skull base surgery [33–35]. In contrast, other 
studies have documented a permanent decrease 
in smell function post endoscopic skull base sur-
gery, the degree of olfactory loss corresponded to 
the extent of the surgical approach [36, 37]. 
Indeed, whenever applicable, the surgeon should 
make every effort to avoid unnecessary resection 
of the olfactory epithelium, including designing 
NSF with proper preservation of superior olfac-
tory strip to reduce the risk of permanent hypos-
mia [38].

30.7.5  Other Methods of Surveillance

β2-Transferrin testing and fluorescein nasal 
endoscopic evaluation are performed only when 
suggested by the clinical suspicion of recur-
rence, as in cases of recurrent rhinorrhea or 
meningitis [19].
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Cerebrospinal Fluid Rhinorrhea 
in Children

Chadi A. Makary, Habib G. Zalzal, 
and Hassan H. Ramadan

31.1  Introduction to Pediatric 
Cerebrospinal Fluid Leaks

Rhinorrhea, or excess mucous within the nasal 
passage, in children is one of the most common 
complaints associated with allergy and sinonasal 
disease. Typically, the condition is self-limiting, 
as once the nasal membrane mucosa stops pro-
ducing excess secretions, then rhinorrhea will 
cease accumulation within the nasal cavity [1]. 
Differential diagnosis of rhinorrhea is vast, and 
in children, the most common etiology is infec-
tious or allergic rhinitis. Rare, but more concern-
ing, causes of rhinorrhea do include congenital 
abnormalities resulting in obstruction and drain-
age (such as nasal masses) or cerebrospinal fluid 
(CSF) leakage [1].

CSF leaks occur from an aberrant communi-
cation between the subarachnoid space and the 
sinuses of the nose and/or temporal bone. CSF 
rhinorrhea, which specifically is drainage of CSF 
fluid within the nasal cavity, may occur due to an 
osseous defect of the cranial skull base within the 
paranasal sinuses, or temporal bone with drain-

age down the eustachian tube, due to disruption 
within the dura mater and arachnoid meningeal 
layer [2]. Defects within the brain barrier result-
ing in CSF rhinorrhea are particularly concerning 
in children due to the potential for meningitis, 
pneumocephalus, and other neurologic com-
plications. This chapter will describe the most 
common causes of CSF rhinorrhea in children, 
in addition to diagnostic steps and optimal treat-
ment strategies for repairing a CSF leak.

31.2  Etiology 
and Pathophysiology

CSF rhinorrhea in children is uncommon and 
differs from its adult counterpart in multiple 
aspects. Etiologies of pediatric CSF leak are 
varied as are the approaches for surgical repairs. 
Congenital skull base defects constitute a large 
portion of pediatric CSF leaks, specifically up to 
69% of the cases, while other etiologies such as 
accidental or iatrogenic trauma are around 30% 
of the cases [3].

31.2.1  Congenital Etiology

Congenital skull base defects are a rare finding 
resulting in the development of meningoceles 
(meninges only) or meningoencephaloceles 
(meninges and brain material). The incidence of 
these defects is about 1 in 4000–5000 live births 
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[4, 5]. Location of the skull base defect in rela-
tion to the fronticulus frontalis, prenasal space, 
and foramen cecum and extent of herniation 
determine the type of nasal meningoencephalo-
celes. These can be classified as occipital, sin-
cipital or frontonasal, basal, convexity, or atretic 
(Fig.  31.1). Occipital meningoencephaloceles 
are the most common (75%) and are outside the 
scope of discussion in this chapter. Sincipital 
defects occur at various locations between the 
nasal bones and foramen cecum and result in 
meningoencephaloceles at various locations in 
the glabella, lateral to the nose or into the orbit.

Basal defects and herniations can be divided 
into transethmoidal (intranasal), sphenoeth-
moidal (nasopharynx), transphenoidal (naso-
pharynx), and sphenomaxillary (pterygopalatine 
fossa) meningoencephaloceles [6]. Intranasal 
congenital meningoencephaloceles can present 
in a variety of symptoms (Fig.  31.2). Inciden-
tal nasal mass is the most common presentation 
early in life [3]. Nasal masses can lead to nasal 
obstruction and nasal discharge, particularly in 
infants due to obligate nasal breathing. Nasal 
obstruction can lead to spells of cyanosis relieved 
by mouth opening and can affect the ability of 
the infant to feed resulting in failure to thrive. 
Other presenting symptoms include spontaneous 
unilateral or bilateral clear CSF rhinorrhea, and 
acute or recurrent meningitis [7]. In a 2015 study 
looking at skull base defects in pediatric patients, 
52% of kids presented with active CSF rhinor-

rhea, 6% had history of meningitis, and 52% 
complained of nasal obstruction [3]. A different 
2010 study also showed that nasal obstruction 
was the presenting symptom of 50% of children 
with anterior skull base defects [8].

31.2.2  Traumatic Etiology

Traumatic CSF leak is the second most common 
etiology of CSF leak in children. It can be further 
divided into accidental and iatrogenic [9]. Acci-
dental head trauma results in fractures of the skull 
base, which leads to CSF leakage that can pres-
ent acutely or delayed. Fractures are not limited 
to the intranasal cavity, as temporal bone fractures 
can also lead to leakage of CSF into the middle 
ear space which subsequently drains through the 
eustachian tube and can also present as rhinor-
rhea. In either case, patients will present with 
clear rhinorrhea following their known trauma.

Iatrogenic skull base defects in children occur 
following endoscopic sinus surgery (ESS) for 
chronic rhinosinusitis (CRS) (Fig.  31.3) or fol-
lowing resection of skull base tumors. The rate of 
CSF leak during ESS for pediatric CRS can be as 
low as 0.6% [10]. These leaks are and should be 
repaired directly when recognized during the sur-
gery. The incidence of CSF leak following endo-
scopic endonasal resection of skull base tumors 
in children is higher and can be up to 54%, 
depending on the tumor pathology and size [11].

Meningoencephaloceles

Sincipital Convexity Occipital Basal Atretic

Transeller
Transsphenoidal

Transethmoid
Nasopharyngeal

OrbitalFronto-
Ethmoidal

Inter
Fontanelle

Naso-Frontal Naso-Ethmoidal Naso-Orbital

Anterior
Fontanelle

Fig. 31.1 Anatomical locations for congenital meningoencephaloceles. From a rhinologic standpoint, CSF leak repair 
commonly involves treatment of a sincipital or basal encephaloceles and their specific subsites shown in the flowchart
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a b
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Fig. 31.2 An 8-month-old infant presented with nasal 
obstruction and cyanotic spells upon feeding. HRCT, bone 
window, coronal cuts (a) and sagittal cuts (b), and MRI 

T2 window, coronal cuts (c), and sagittal cuts (d) show a 
large right nasal meningoencephalocele (asterisk) herniat-
ing through a defect in the anterior skull base (arrows)

Fig. 31.3 A 16-year-old patient with active CSF rhinor-
rhea after ESS for CRS. A CT scan of the sinuses with 
bone window, coronal cuts shows an iatrogenic defect in 
the lateral lamella of the cribriform plate (arrow)

31.3  Diagnostic Work-Up 
and Localization of CSF 
Leaks

Beta-2 transferrin is a noninvasive, highly sensitive, 
and specific test to confirm CSF rhinorrhea [12]. 
Beta-2 transferrin is a glycoprotein that is present 
in CSF but not in nasal drainage and surrounding 
mucosa. The sensitivity ranges from 87% to 100%, 
and the specificity ranges from 71% to 100% 
[12–14]. This lab test is highly recommended to 
be first-line for CSF confirmation in nasal drain-
age before more invasive and high- cost studies are 
done to localize the site of skull base defects and 
CSF leaks. It is used in both children and adults.
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Once CSF leak is confirmed, localization 
studies are then considered. High-resolution 
computed tomography scan (HRCT), MR 
 cisternography, CT cisternography, and intrathe-
cal fluorescein are available. HRCT is a com-
mon initial study for visualization of the bony 
skull base, and hence, localization of even small 
defects. HRCT has an accuracy of 87–93% [12, 
15]. It is also important for surgical planning of 
the sinus anatomy surrounding the skull base. 
Use of HRCT poses the risk of radiation expo-
sure, which is especially important in children. 
The risks of using this modality, however, should 
be weighed against the benefits it provides.

MR cisternography (MRC) is another com-
mon noninvasive study that helps with the local-
ization of CSF leak. This scan relies on the 
bright signal of CSF on T2-weighted images. It 
is specifically helpful in showing any soft tissue 
herniation (e.g., meningoceles and meningoen-
cephaloceles) through the defects [12]. The over-
all accuracy of MRC is reported to be between 
78% and 96% [12, 16]. Intrathecal injection of 
contrast-enhancement (CE) gadolinium can also 
be added to the MRC protocol to improve the 
accuracy. The sensitivity and specificity of CE-
MRC has been reported to range from 61% to 
100% and 66% to 80%, respectively [12, 17]. 
Compared to MRC, CE-MRC has been found 
to be more effective in complicated cases [12]. 
Intrathecal injection of gadolinium is reported 
to be safe in adults, although theoretically it can 
cause behavioral and neurological changes, sei-
zures, and allergic reactions [12].

CT cisternography (CTC) involves the use of 
intrathecal injection of a contrast followed by CT 
scan to identify the site of active extracranial leak 
of the contrast material. All the studies compar-
ing CTC to HRCT and MRC showed inferior 
accuracy which ranged from 33% to 67% for 
CTC [18, 19]. Because CTC involves the inva-
sive use of intrathecal contrast combined with 
the relatively lower accuracy it provides, it is not 
recommended to use in children when trying to 
localize skull base defects and CSF leaks.

Intrathecal fluorescein injection (IFI) is an 
excellent test to actively localize the defect and 
leak during surgical repair. The concentration of 
fluorescein used for this test in adults is 0.1 ml 
mixed with 5 ml of CSF and injected back into 
the subarachnoid space. However, IFI has been 
reported to cause neurological complications 
such as seizures, lower extremity weakness, and 
tactile numbness when used in large doses [20]. 
In addition, the optimal dose in children has not 
been studied, and it is rarely used in young chil-
dren.

As an author recommendation, a combina-
tion use of HRCT and MRC is the best imaging 
strategy for post-CSF leak localization and is the 
most commonly used imaging modality in chil-
dren. HRCT provides excellent detail of the skull 
base and sinus anatomy and allows for surgical 
planning. MRC is of paramount importance as it 
shows any soft tissue details and allows for the 
assessment of any meningoceles/meningoen-
cephaloceles.

Of note, nasal endoscopy is also very essen-
tial when evaluating the patient in the office. 
A 2.7  mm flexible laryngoscope or rigid sinus 
endoscope is used in children (Fig. 31.4). It has 
also been suggested that nasal endoscopy can be 
done simultaneously when children are put under 

Fig. 31.4 Nasal endoscopy of an 8-month-old infant 
showing meningoencephalocele (asterisk) filling the right 
nasal cavity. Pulsation and expansion of the mass can be 
seen with crying or straining (Furstenberg sign)
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sedation for the MRC to prevent additional phys-
ical or emotional stress on the patient [21].

31.4  Management of CSF Leaks 
in Children

Historically, management of CSF rhinorrhea was 
mostly a surgical endeavor, with attention toward 
prevention of further complications including 
meningitis and pneumocephalus [22]. It was not 
until 1973 when Leech and Paterson published 
their study on conservative CSF management did 
alternative methods for treatment develop [23]. 
While CSF rhinorrhea in children is rare relative 
to its etiology, treatment algorithms developed 
from the adult literature have been used in pediat-
ric patients with varying degrees of success. The 
difficulty with CSF rhinorrhea in children is its 
diagnosis, as most children who present with rhi-
norrhea rarely have CSF rhinorrhea unless there 
has been an obvious traumatic event or other 
presenting symptomatology concerning for skull 
base etiology.

31.4.1  Conservative Management

The goal of conservative management is to reduce 
CSF leak flow with decompression of intracranial 
pressure in order to allow the cranial defect to heal 
itself. Patients are recommended to remain on 
bed rest for 1–2 weeks, with the head of the bed 
elevated to about 15–30 degrees [2]. Patients are 
advised against nose blowing, intranasal cannu-
lation/positive pressure, coughing, heavy lifting, 
and straining with bowel movements. For some 
patients, medications, including antitussives, 
antiemetics, and laxatives, maybe necessary. If 
rhinorrhea persists after 5–7 days of conservative 
management, continuous subarachnoid drainage 
via indwelling lumbar catheter or intermittent 
spinal taps maybe needed to reduce intracranial 
pressure [2]. CSF drainage via lumbar drain is not 
without its complications and should be used cau-
tiously in both adult and pediatric patients [24].

A 2010 study by Yadav et al. looked at twelve 
pediatric patients over a 10-year period (aged 

3–14  years) who had resolution of CSF rhinor-
rhea with conservative management [22]. The 
majority (58%) of these CSF rhinorrhea patients 
were admitted following trauma, with the remain-
ing four undergoing endonasal surgery for either 
infectious or congenital lesion concerns. In their 
CSF rhinorrhea protocol, all patients were placed 
on strict bed rest with medications to help with 
cough and straining. In two patients, a lumbar 
drain was placed to help reduce the amount of 
CSF flow. All twelve patients were initially dis-
charged following conservative therapy, but seven 
patients required readmission for persistent rhi-
norrhea or meningitis. Definitive surgical repair 
of persistent rhinorrhea occurred at 6–121 months 
from date of original injury depending on the date 
and severity of recurrence [22].

The greatest risk with conservative manage-
ment in children with a patent skull base defect 
is the susceptibility to meningitis [25]. A 2005 
study looking at adult patients with active CSF 
rhinorrhea with previous history of ascending 
bacterial meningitis found that surgical repair of 
this defect provided excellent long-term results 
with neither recurrence of ascending meningitis 
nor incidence of meningitis in the other patients, 
unless a CSF leak re-appeared [25]. Similarly, 
a study by Daudia et al. in 2007 found that the 
overall risk of meningitis in patients with per-
sistent CSF rhinorrhea was 19%, with an annual 
incidence of 0.3 episodes per year [26].

Results from these studies were consistent 
with the conclusions by Yadav et al. 2010, who 
stated the recurrence of CSF rhinorrhea in 58% 
of their patients firmly established the need for 
surgical intervention in this patient population 
despite the initially optimistic hospital discharge 
rate [22].

31.4.2  Surgical Treatment

Until the advent of endoscopes, intracranial 
approach with neurosurgical intervention was the 
standard of therapy for CSF rhinorrhea. The ini-
tial rate for successful repair of CSF rhinorrhea 
was 60–80% per Dr. Walter Dandy in 1926 [27]. 
An endonasal approach was first described by Dr. 
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Oskar Hirsch in 1952, which focused on the clo-
sure of defects within the sphenoid sinus [28]. In 
1981, Dr. Malte Wigand described the first endo-
scopic repair of CSF rhinorrhea, which has led 
to success rates of greater than 90% closure with 
less morbidity than previous studies [9, 29]. All 
of these studies, however, were focused on adult 
patients with CSF rhinorrhea.

31.4.3  Surgical Challenges 
in Pediatric CSF Leakage

Unlike adults, children have constantly evolv-
ing head and brain development. Any surgical 
manipulation of their head can affect their brain 
development and their facial growth [30]. Young 
children, especially in their first few years of life, 
have small nasal cavities, and constantly chang-
ing nasal and sinus anatomy. That makes any 
endoscopic endonasal manipulation quite chal-
lenging for the otolaryngologist. That is espe-
cially significant in neonates with meningoceles 
and meningoencephaloceles. These patients 
often have other comorbidities and can present 
with failure to thrive.

31.4.4  Surgical Approaches: 
Intracranial Vs Endoscopic 
Endonasal

As of writing, the vast majority of modern stud-
ies in the otolaryngology and neurosurgical lit-
erature focusing on pediatric CSF rhinorrhea are 
case reports and case series. Endoscopic repair is 
the standard of care for adult patients. Although 
there are no specific criteria currently on its use 
in pediatric patients, it has become the standard 
approach in children presenting with CSF leak 
due to its success rate and low morbidity [9]. 
However, external approaches are still available 
and occasionally used.

In pediatric patients undergoing external intra-
cranial repair, there are typically two approaches 
to the anterior cranial fossa: epidural and subdu-
ral [31]. The former is suitable for reconstruc-
tion of the skull base, while the latter is preferred 

for intracerebral disease. The standard coronal 
approach with frontal craniotomy and pericranial 
flap is the most common external approach used. 
This approach is associated with many significant 
morbidities including prolonged hospitalization 
and significant risks, such as scarring, anosmia, 
cerebral edema, intracranial hemorrhage, and 
complications resulting from retraction of the 
frontal lobe [6, 32]. Current indications for an 
intracranial approach are secondary to the size of 
the CSF leak, size and location of bony defect, 
or recurrence of CSF leak after attempted endo-
scopic repair [31]. There is no consensus on the 
size of the defect that would require an external 
approach, but a 2010 study suggested its use 
when the defect cannot be entirely sealed and 
covered by a middle turbinate graft or auricular 
conchal cartilage graft [8]. Location of the defect 
also plays a major role in how to approach it. 
Anterior defects that are less than 1 cm posterior 
to the posterior wall of the frontal sinus can be 
approached through a combined craniotomy and 
endoscopic endonasal approach [8]. Experience 
of the surgeon and availability of the specialized 
instruments are important factors when deciding 
on the best surgical approach for repair.

Age of the child is not an indication for one 
approach versus the other. The youngest infant 
reported to have had successful endoscopic 
endonasal repair of an encephalocele was 1.5-
month old [8]. Nevertheless, depending on both 
the age of the patient and etiology of the CSF 
rhinorrhea, endoscopic surgical management 
may not be adequate due to variability and com-
plexity of anatomy which may be better repaired 
intracranially [9].

The endoscopic endonasal approach is the 
most commonly used approach for CSF leak 
repair in adults and children, mostly due to symp-
toms revolving around CRS. Studies have shown 
that ESS does not affect facial growth on chil-
dren over a 10-year follow-up [33, 34]. As stated 
before, challenges with using this approach 
include the narrow nasal cavity in children, the 
constantly evolving skull base anatomy as chil-
dren grow, the need for special instrumentation 
to fit the challenging nasal cavity, and the experi-
ence of the surgeon.
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31.4.5  The Endoscopic Endonasal 
Approach

The size of the sinus endoscope (2.7  mm vs 
4 mm) used during repair depends on the size of 
the nasal cavity. The older the child is, the larger 
the nasal cavity. Both 0-degree and 30-degree 
telescopes are useful for full visualization of the 
skull base. Smaller, special instrumentations may 
be needed depending on the age of the child. 
Neonatal or pediatric sinus instrumentations can 
be used. In some case reports, otologic micro- 
instruments (like a circular knife and granulation 
cupped forceps) had to be used [3, 9].

Exposure is of paramount importance for suc-
cessful endoscopic repair. In cases of meningo-
celes or meningoencephaloceles, the intranasal 
mass must be excised first as the stalk is followed 
toward skull base. Partial resection of the middle 
turbinate maybe necessary to improve exposure, 
especially in nasal cavities [9]. Endoscopic eth-
moidectomy is performed as necessary to access 
the defect in the ethmoid roof or cribriform plate. 
In older children where the defect is located in 
the posterior table of the frontal sinus, a Draf III 
approach, which involves bilateral frontal sinusot-
omies with superior septectomy, may be performed 
for access [35]. Defects in the sphenoid sinus are 
approached through a classic transnasal or trans-
ethmoid approach for central or perisellar defects 
[3]. Defects in the lateral pneumatized sphenoid 
sinus recesses may need an extended endonasal 
transpterygoid approach, or even an external pter-
ygoid approach for access [3, 36]. Like in adults, 
meningoceles and meningoencephaloceles in chil-
dren are resected along with their stalk using bipo-
lar cautery. The mucosal edges around the defect 
is freshened also using bipolar cautery.

31.4.6  Materials Used for Repair

Endoscopic repair of skull base defects and 
resulting CSF leaks can be through an under-
lay vs overlay approaches (Fig. 31.5). Underlay 
patching is to place the grafts between the dura 
and skull base bone. Overlay patching is to place 
the grafts on the nasal side of the skull base. A 

combination of both the approaches can also 
be done. These techniques apply to both adults 
and children and have been used even in young 
infants. The best approach is dependent on the 
size of the defect, materials available, and sur-
geon’s experience and preference.

There are multiple types of materials that 
can be used during repair, including fat grafts, 
bone and cartilage grafts, free tissue grafts 
(fascia, mucosa), vascularized flaps (middle 
turbinate flap, nasoseptal flap), and allografts. 
Theses grafts are usually reinforced with glues 
and sealants. Nasal packing is applied at the 
end for various duration to ensure complete 
healing. Absorbable packing includes Surgi-
cel, Gelfoam, and Merogel (Medtronic). Non-
absorbable packing includes iodoform gauze, 
Merogel (Medtronic), and finger-cot nasal pack-
ing. Multilayered repair increases the likelihood 
of success especially in larger defects. Stavrakas 
et al. used two-layered repair for defects <0.5 cm 
using fat plug intracranially, and mucosal graft 
or middle turbinate flap on the nasal side [21]. 
For defects measuring 0.5 cm and larger, three- 
layered repair was performed with fat plug 
intracranially, fascia lata intracranially between 
the dura and skull base, and another layer of fas-
cia lata, free mucosal graft or middle turbinate 
flap on the nasal side [21].

Fig. 31.5 A CT scan of the sinuses with bone window, 
coronal cuts showing the normal anterior skull base. 
Underlay patching is placing the graft between the dura 
and skull base bone (black line), whereas overlay tech-
nique is placing the graft on the nasal side of the skull base 
bone (white line)
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In pediatric patients, it is preferred to obtain 
free grafts from the nasal cavity to avoid another 
incision. Mucosal grafts can be obtained from the 
septum, inferior turbinate or middle turbinate. 
Similarly, bone and cartilage can be obtained 
from the same sites. However, it is not always 
suitable to obtain adequate grafts from the nasal 
cavities especially in younger infants. Therefore, 
donor sites can be used to obtain fascial grafts, 
including fascia lata or temporalis fascia. Fascia 
is an excellent choice for grafting because of the 
rapid healing process [37]. Autologous cartilage 
can also be harvested from the auricle. Auricular 
cartilage is adequate to serve as a backbone of an 
underlay repair in large defects [37].

Pedicled flaps, such as a nasoseptal flap or 
middle turbinate flap, have also been used in 
children to close defects within the skull base 
[38]. However, due to the anatomical difficulty of 
the procedure in children under 10 years in addi-
tion to the risk of postoperative shrinkage, only 
patients over 14 years with nasal cavities similar 
to adult patients can reliably have a pedicled flap 
repair for skull base defects [31, 38].

Endoscopic repair of CSF leaks in children 
have been highly successful. Most studies have 
shown success rate close to 100%. Table  31.1 

summarizes the outcomes in seven case series 
with highest number of patients. Follow-up 
period was not consistent among these studies, 
with the shortest follow-up being 6 months and 
longest follow-up being 123 months. In one study 
by Peng et al., eight children had successful clo-
sure on second attempt with endoscopic repair, 
and three patients required three endoscopic sur-
geries for successful closure [31].

31.4.7  Timing of Repair 
of Congenital 
Meningoencephaloceles

Best of timing of surgical repair of congenital 
skull base defects in children is of critical impor-
tance. As previously mentioned, the youngest 
infant reported to undergo successful endoscopic 
repair is 1.5 months [8]. Repair at younger ages 
raises the theoretical concern of facial growth 
impairment, but as mentioned before, this con-
troversy has been refuted by studies on ESS for 
pediatric CRS [33, 34]. Delaying the repair to 
allow enough growth of the nasal cavity increase 
the risk of ascending meningitis and encephalitis, 
which can potentially lead to death. The trend in 
current practice is to proceed with surgical repair 
as early as possible to prevent such complica-
tions.

31.4.8  Postoperative Management

Endoscopic CSF leak repair has the advantage 
to shorten hospital stay in both adults and chil-
dren. Those who underwent purely endoscopic 
approach for surgical repair did not need pedi-
atric intensive care unit (PICU) stay [3, 7–9, 21, 
39]. These children were discharged home within 
7–10 days. All studies reviewed suggested post-
operative prophylactic antibiotics, preferably 
third generation cephalosporins [21]. Duration 
of antibiotics use ranged from 3 to 5 days given 
through the intravenous route. Postoperative 
packing is essential to hold the repair material in 
place and allow healing. When non-absorbable 
packing is used, it is usually removed in 2–5 days 
at bed site. When absorbable packing is placed, 

Table 31.1 Summary of outcomes after endoscopic 
repair of CSF leak in children

Study/case 
series

N
(patients) Success rate

Average 
follow-up 
(months)

Castelnuovo 
et al. 2010

11
All congenital

100% 46.7

Di Rocco 
et al. 2010

28
18 congenital
10 traumatic

96% (1 
congenital 
failure)

26.7

Peng et al. 
2011

43
5 congenital
38 traumatic

95% (2 
failure)

12–24

Chappity 
et al. 2015

5
1 congenital
4 traumatic

100% 6

Ma et al. 
2015

23
16 congenital
7 traumatic

100% 61

Keshri et al. 
2016

6
2 congenital
4 traumatic

100% 6

Stavrakas 
et al. 2018

5
4 congenital
1 traumatic

100% 59
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it is left to dissolve with the help of nasal saline 
rinses. No debridement under anesthesia is nec-
essary as shown by all studies reviewed. This has 
also been true for ESS in pediatric CRS, where 
second look procedures for debridement is not 
necessary [40].

The specific role and indications for use of 
lumbar drain postoperatively remain to be deter-
mined. However, like in adults, it seems to be 
rarely used in children. Only two case series 
mentioned using it in total of two patients (one 
in each series) [7, 8]. Both the children had high- 
flow CSF leaks preoperatively. Another sugges-
tion to using the lumbar drain is to use the drain 
postoperatively in case of leak recurrence, before 
committing to another repair attempt.

31.5  Summary

There are many details to be aware of when deter-
mining the source of CSF rhinorrhea in child-
hood. The diagnosis, management, and treatment 
for children are quite similar to the work-up and 
therapy for CSF leaks adults, but mostly due to 
lack of published literature and consensus for 
treating this rare pediatric pathology. While the 
work-up for children is mostly harmless, a care-
ful balance between benefit and harm for endo-
nasal surgery in children is still be determined 
at this time. Future research is necessary before 
endoscopic repair of sinonasal skull base defects 
becomes the standard of care in pediatric patients 
as it is for their adult counterparts.
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Outcomes of Skull Base 
Reconstruction

Stephen C. Hernandez, Peter Papagiannopoulos, 
Brent A. Senior, and David W. Kennedy

32.1  Introduction

Anterior skull base cerebrospinal fluid (CSF) 
leaks may be congenital, iatrogenic, traumatic, 
or idiopathic. Repair of these lesions is of clini-
cal significance for the prevention of complica-
tions including pneumocephalus, meningitis, 
or intracranial abscess [1]. Historically, these 
defects were repaired by neurosurgeons through 
a transcranial approach for adequate visualiza-
tion which frequently required a large degree of 
brain retraction for access to the skull base [1, 
2]. However, in the last 20 years, there has been 
a rapid advancement in the endoscopic endo-
nasal approach (EEA) to the skull base. While 
the endoscopic approach was initially used for 
endoscopic sinus surgery (ESS) for inflammatory 
disease, indications quickly expanded to include 
endoscopic repair of encephaloceles and CSF 
leaks, as well as resection of sinonasal tumors, 
pituitary lesions, and, more recently, completely 
intracranial lesions such as meningiomas and 
craniopharyngiomas [3–7]. Technical and tech-
nological advancements have even allowed for 

the application of EEA techniques to anterior 
skull base surgery and CSF leak repair in pediat-
ric patients as young as 23 months [3].

These endoscopic advancements are largely 
due to increased anatomical understanding, 
newly developed sinonasal instrumentation, and 
improved image guidance systems. Additionally, 
advancements in successful skull base recon-
struction include the development of different 
synthetic grafting materials and vascularized 
pedicled flaps [8]. In this chapter, we will review 
the success rates of CSF leak repair in general, 
analyze factors that may affect successful skull 
base reconstruction, and then review the data 
available assessing long-term outcomes.

32.2  General Success Rates: 
Endoscopic Vs. Open 
Approaches

It is now well demonstrated that endoscopic 
approaches have become very effective when 
addressing CSF leaks in most cases. Overall, suc-
cess rates are excellent regardless of approach, 
but complication rates and other variables seem to 
be improved in the setting of endoscopic repair. A 
systematic review from 2013 compared open and 
endoscopic surgical series for repair of anterior 
skull base CSF leaks related to all causes. Sev-
enty-one studies and 1178 patients were included 
and for all etiologies, by either entirely open or 
endoscopic approach, the rate of successful repair 
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is approximately 90–95% [1]. That same litera-
ture review identified no difference in the rate of 
successful repair between endoscopic and open 
cohorts but that complications were significantly 
lower in the endoscopic group, including menin-
gitis (3.9% vs. 1.1%), abscess or wound infec-
tion (6.8% vs. 0.7%), and sepsis (3.8% vs. 0%) 
[1]. Another study comparing endoscopic versus 
craniotomy outcomes also found no difference 
in the rate of successful repair between the two 
techniques but did find that the endoscopic group 
had a significantly shorter duration of hospital-
ization, a lower rate of complications, lower cost, 
and higher patient satisfaction [9].

32.3  Repair Techniques

For larger defects, it is generally well estab-
lished in the literature that successful skull base 
reconstruction requires a multilayered approach 
[3–5, 7, 10–13] with the goal of filling intracra-
nial dead-space when present, utilizing dural 
underlays, overlays, as well as reconstructing the 
mucosal surface. For smaller defects, simple free 
mucosal onlay grafting has been very effective. 
There are numerous grafts and synthetic mate-
rials that can be used for these layers includ-
ing autologous fat, fascia, free mucosal grafts, 
pedicled and vascularized flaps, collagen matrix 
implants, and fibrin glue material (Fig. 32.1). All 

can be used successfully to repair the anterior 
skull base; however, the optimal material and/or 
graft can depend on the flow rate of the CSF leak, 
the location of the skull base defect, and the size 
of the defect [14]. We will assess each of these 
considerations systematically.

32.3.1  CSF Leak Flow Rate

Studies have established a grading system from 
1 to 3 based on the rate of flow in CSF leaks 
noted endoscopically: grade 1 is defined as a 
small, “weeping” CSF leak confirmed by Val-
salva maneuver; grade 2 is a moderate leak with 
a visible dural defect; and grade 3 is a large dural 
defect created as part of an extended suprasellar, 
transplanum, transtuberculum, transcribriform, 
or transclival approach or visualization of the 
ventricular system [4, 5, 15].

For lower flow leaks (grade 1 and 2), no con-
sensus has been reached regarding reconstruction 
materials chosen [16]. For these leaks, regardless 
of material chosen and techniques employed, 
postoperative CSF leaks are reported at 5–10% 
[4, 14, 17].

We begin to see differences in overall out-
comes with larger defects and grade 3 CSF 
leaks. In this situation, it is clear that the vas-
cularized nasoseptal flap (NSF) is superior to 
an avascular free mucosal graft (Fig.  32.2). In 
a recent meta- analysis assessing endoscopic 
skull base reconstruction of large dural defects, 

Fig. 32.1 Example of a free mucosal onlay graft. The 
mucosal surface has been marked to ensure proper 
orientation

Fig. 32.2 A left-sided nasoseptal flap used for recon-
struction of a recurrent right sphenoid lateral recess 
encephalocele with associated CSF leak
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Harvey et al. identified 609 patients who under-
went EEA closure. Of those 609 patients, those 
closed with a free mucosal graft as the most 
superficial layer had a 15.6% postoperative CSF 
leak rate (51 leaks out of 326 patients) while 
NSF-based reconstructions had a 6.7% post-
operative CSF leak rate (19 leaks out of 283 
patients) (p = 0.001) [14, 16]. Further, in case 
series reported by  high- volume skull base cen-
ters, an NSF-based reconstructive technique in 
high-flow CSF leaks has yielded postoperative 
leak rates of 5–6% [3, 4].

32.3.2  Leak Location

In a review of 22 studies by Soudry et  al., an 
overall postoperative CSF leak rate after skull 
base repair of 8.5% was found, revealing an over-
all success rate of 91.5%. To further this evalu-
ation, the authors focused additional inquiry on 
the role of the location of the skull base defect 
and degree of intraoperative leak. Utilizing these 
criteria, no difference between vascularized and 
non-vascularized reconstruction was identified 
for any location subsite except the clivus, which 
demonstrated better reconstructive results with 
vascularized repair [17, 18]. While CSF leaks 
and encephaloceles involving the lateral recess 
of the sphenoid sinus may be more difficult to 
address, given its challenging access and com-
plex three-dimensional relationships with sur-
rounding neurovascular structures, many series 
demonstrate that there is no statistically signifi-
cant difference in success of repair at this loca-
tion [19].

32.3.3  Dural Defect Size

In a case series of 121 patients who underwent 
skull base reconstruction, it was found that 
dural defect size greater than 2  cm2 is associ-
ated with reconstruction failure. Postoperative 
leak rates in the cohort was 3.8% for defects less 
than 2.0 cm2 but 16.7% for defects larger than 
2.0 cm2 [20]. In a case series by Zanation et al., 
large dural openings trended toward higher 

reconstructive failure rate but the difference was 
not found to be significant [4].

32.4  Inpatient Vs. Outpatient 
Repair of CSF Leaks

With the advent of endoscopic skull base sur-
gery, there has been rapid progression toward 
expanded approaches and repair of large defects. 
As these expanded approaches continue to grow 
with a broader range of indications, we are see-
ing gradual improvement in outcome measures. 
With regard to endoscopic CSF leak repair, sys-
tematic reviews have demonstrated success rates 
as high as 91% for primary repair (97% with sec-
ondary repair) and complication rates of less than 
0.03% [21]. While these success rates continue 
to improve and morbidity remains exceedingly 
rare, this has translated into shorter hospitaliza-
tion stays, lower overall costs, and greater patient 
satisfaction [9, 21].

As demonstrated, with complication rates 
remaining less than 1%, we are beginning to see 
some institutions move toward outpatient repair 
of CSF leaks in certain situations. Adams et al. 
have retrospectively reviewed their CSF leak 
repairs over a 10-year period [22]. This included 
39 patients who underwent CSF leak repair in the 
outpatient setting and 47 patients who underwent 
repair in the inpatient setting. There were a total 
of three CSF leak recurrences (7.69%) requir-
ing subsequent management in the ambulatory 
cohort. Only one complication occurred in this 
group, requiring readmission. Overall, repair 
techniques were fairly similar between the two 
cohorts, but it should be noted that 38 of the 39 
repairs in the outpatient setting were for CSF 
leaks with a skull base defect measuring less than 
1 cm2. For comparison, the inpatient cohort had 
12 patients with defects that were greater than 
1 cm2. While complication rates remained low in 
these patients managed in the outpatient setting, 
no great statistically significant conclusions can 
be drawn with regard to overall outcomes.

Although it has been shown that significant 
complications remain uncommon in the setting 
of CSF leak repair, it is difficult to recommend 
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repair routinely in the outpatient setting. Cer-
tainly, some criteria should be met prior to plan-
ning and consideration. In general, large skull 
base defects should probably be managed in the 
inpatient setting, given greater risk for recurrence 
and complication rates. For those select patients 
with minimal skull base defects, such as those 
with minimally displaced fractures in the setting 
of traumatic CSF leak, there can be some discus-
sion for repair in the outpatient setting. However, 
there remain some factors that one may be unable 
to account for at the time of surgery. The size of 
the defect, flow rate of CSF, grafting material 
available, possible requirement for vascularized 
pedicled flaps, and patient comorbidities are all 
things that should be carefully evaluated in the 
perioperative period. Those with elevated intra-
cranial pressure, obesity, and high- grade leaks 
all have greater risk for recurrence and compli-
cations, as will be discussed. Therefore, those 
patients under consideration for CSF leak repair 
in the ambulatory setting should have very mini-
mal to no comorbidities, demonstrate reliability, 
have adequate support and care at home, and 
ensure close proximity for follow- up should 
problems ensue.

32.5  Prognostic Factors 
for Successful Repair

As has previously been discussed, there are a 
variety of etiologies leading to the development 
of CSF leak. These can include iatrogenic, trau-
matic, congenital, and idiopathic causes. Exclud-
ing endonasal resections of anterior cranial base 
pathology, success rates generally exceed 90% in 
the primary setting regardless of the underlying 
etiology [21, 23]. This then begs the question: are 
there certain risk factors for the remaining 10% 
that may require a secondary repair?

Looking at case series with reported data on 
endoscopic repair of CSF leaks, we tend to see 
a common trend that those patients at higher 
risk for failure or recurrence seem to have 
very similar risk factors. Following the advent 
of endoscopic repair of CSF leaks, early data 
seemed to suggest that patients with spontane-

ous CSF leaks recurred more frequently than 
those CSF leaks related to other etiologies. Ken-
nedy and colleagues have previously reviewed 
their endoscopic repair of CSF leaks looking as 
far back as 1987 [24]. Those with spontaneous 
CSF leaks have a higher BMI in comparison to 
those patients with traumatic or congenital CSF 
leaks. In addition, the majority of those patients 
were middle aged females (77%). Similar studies 
have since demonstrated comparable risk factors 
when reviewing spontaneous CSF leaks, linking 
the underlying etiology to idiopathic intracranial 
hypertension (IIH) [19, 24, 25]. Lobo et al. have 
conducted a systematic review of the literature, 
again defining a clear association with middle- 
aged obese females, elevated intracranial pres-
sure, and obstructive sleep apnea (Fig. 32.3) [26].

Despite all of the descriptions of these associ-
ated factors with spontaneous CSF leaks, there 
has not been much data reported regarding treat-
ment of the underlying pathophysiology and its 
potential impact on success rates. As we develop 
further understanding regarding IIH and sponta-
neous CSF leaks, there is now some data to sug-
gest appropriately managing these comorbidities 
may have an impact on outcomes [27]. A recent 
systematic review has looked at data comparing 

Fig. 32.3 Those with idiopathic intracranial hyperten-
sion may also demonstrate imaging findings of CSF 
expansion in Meckel’s cave as well as empty sella, as 
demonstrated here
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success rates between those with no further man-
agement of their underlying elevated intracranial 
pressure (ICP) and those who were under active 
management for elevated ICP (acetazolamide 
therapy or CSF diversion procedures) [28]. Pri-
mary repair success rates reached 92.82% in 
those who were actively managed versus just 
81.87% of those who received no further man-
agement of their underlying elevated ICP. Mean 
follow-up for these two cohorts was greater than 
2 years.

Other risk factors to take into consideration 
may come into play when discussing CSF leaks 
that may be created with resection of sinona-
sal malignancy or other cranial base pathology 
(Fig.  32.4). This should technically be consid-
ered in a different category altogether, as these 
defects are usually anticipated going into surgical 
resection and involve much larger dural defects. 
Needless to say, there remain some risk factors 
inherent to skull base reconstruction in these sce-
narios. Namely, the size of the defect, location of 
the defect, and grade of CSF leak are all inherent 
factors that may affect overall success. For larger 
defects and those involving the posterior fossa, 
there has been reported data that suggests these 
sites are at greater risk for recurrent CSF leaks 
and other complications [5, 29]. Furthermore, 
larger defects are better suited with vascularized 
pedicled flaps, as has been well demonstrated 
earlier in this chapter [14].

Regardless of reconstruction techniques uti-
lized or grades of CSF leak present at the time 
of reconstruction, use of lumbar spinal drains 

has not demonstrated any statistically signifi-
cant improvement in successful repairs [5, 19]. 
A recent meta-analysis reviewing 12 articles 
and a total of 508 cases corroborated previous 
findings, with no evidence to suggest that peri-
operative lumbar spinal drainage reduces recur-
rence rates following endoscopic repair [30]. 
There may be some exception to this general-
ization when discussing endoscopic skull base 
surgery creating large dural defects. Zwager-
man et  al. recently published their prospective 
randomized controlled trial evaluating lumbar 
drainage in those patients with high flow leaks 
and a dural defect of greater than 1  cm2 [31]. 
A total of 170 patients were randomized dur-
ing the 4 year period. Results demonstrated that 
postoperative lumbar spinal drainage was asso-
ciated with an 8.2% leak rate, as compared to a 
21.2% leak rate in those without postoperative 
lumbar drainage. This trended with increasing 
defect size and location at the anterior or poste-
rior fossa. These results suggest that creation of 
large dural defects with communication to CSF 
cisterns may benefit from postoperative lumbar 
drainage.

As with any other surgery, there are intrinsic 
patient factors that may impact overall success. 
In certain scenarios, it may be difficult to control 
all of these underlying comorbidities. Regard-
less, having the knowledge of these risk factors 
can help in preoperative counseling and periop-
erative management. In the event that secondary 
CSF leak repair is required, success rates still 
remain excellent.

Fig. 32.4 A large anterior skull base defect following resection of sinonasal malignancy. Multilayer reconstruction 
demonstrated with an acellular inlay graft and an onlay vascularized pericranial flap
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32.6  Long-Term Outcomes

Most of what has been discussed thus far in the 
chapter relates to outcomes in the immediate 
term, evaluating for those patients and risk fac-
tors leading to recurrent leak within the first few 
months to years. Generally speaking, these suc-
cess rates remain very high as time goes on. As 
previously discussed, those patients who are at 
greatest risk for recurrence in the long term are 
those that demonstrate idiopathic intracranial 
hypertension given its known associated comor-
bidities.

Regardless of a successful primary repair in 
this patient population, they continue to dem-
onstrate risk for recurrence either at the previ-
ous leak site or even at a separate, distant site. 
Campbell et al. have perhaps published the lon-
gest follow-up data regarding those patients with 
IIH. At a mean follow-up of 10.2 years, 18% of 
patients required revision surgery either at the 
initial repair site or at a distant site [32]. One of 
those patients had evidence of recurrent CSF rhi-
norrhea 9 years following the initial repair, dem-
onstrating the need for long-term surveillance in 
this patient population.

Furthermore, adjuvant therapy in those with 
IIH has proven beneficial in their overall health 
[33]. This involves conservative measures such as 
diet, exercise, and weight loss, but also includes 
pharmacotherapy (acetazolamide) and surgical 
options for CSF diversion (ventriculoperitoneal 
shunting or lumboperitoneal shunting). While 
there is no direct data to suggest that these inter-
ventions may reduce incidence of CSF rhinorrhea, 
there is evidence to suggest that overall weight 
loss and pharmacotherapy have a direct correla-
tion with reduction in intracranial pressure [34]. 
One can then infer by maintaining lower baseline 
intracranial pressures, risk of recurrent CSF rhi-
norrhea subsequently decreases. However, there 
are still medication side effects to consider and 
major complications that can be associated with 
CSF diversion procedures. These factors should 
be taken into consideration when reviewing these 
alternative options with patients.

32.7  Summary

Overall, success rates for primary repair of CSF 
leaks are excellent regardless of the underlying 
etiology (>90%). There are certain factors that 
should be taken into consideration during the 
perioperative period and reconstructive planning. 
Generally speaking, free grafts and multilayered 
reconstruction work very well for small cranial 
base defects and low-flow CSF leaks. However, 
high-flow leaks or those defects that are quite 
large may be better served with upfront vascular-
ized pedicled flap reconstruction. Use of lumbar 
spinal drains has not shown any statistically sig-
nificant improvement in success rates (excluding 
large dural defects created from tumor surgery), 
and in fact may be associated with more compli-
cations and prolonged hospitalizations. Idiopathic 
intracranial hypertension should be considered in 
all patients with spontaneous CSF leaks. Their 
underlying pathophysiology may increase their 
likelihood of recurrence, and therefore, these 
patients necessitate long-term follow-up with 
consideration for pharmacotherapy or CSF diver-
sion in refractory cases.
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Abnormal Presentation  
of CSF Leak

Shawkat Abdulrahman and Donata Šukytė-Raubė

The term “abnormal” is a combination of the 
Latin prefix ab that means “away from” and the 
English word normal. It means “not normal” or 
“unusual” and is used to describe abnormal or 
unusual presentation; for example, the transnasal 
cerebrospinal fluid (CSF) that was first described 
in 1899 [1], and the temporal bone in 1897 [2], 
which involves a breakdown of all barriers that 
separate the subarachnoid space from the upper 
aerodigestive tract [3–5].

33.1  Unusual Presentation

 1. Unusual locations:
 (a) Clival region
 (b) Optic nerve
 (c) Eustachian tube leakage of the middle 

skull base
 (d) Distant pseudomeningoceles of the ven-

tral skull base
• Orbit
• Infratemporal fossa

 2. Unusual etiology:
 (a) Systemic disease
 (b) Nonsurgical iatrogenic-induced CSF leak

A skull base cerebrospinal fluid (CSF) leak 
or fistula, which presents clinically as a clear 
rhinorrhea or otorrhea, is an abnormal commu-
nication between the sterile subarachnoid space 
and the sinonasal or tympanomastoid cavities 
as a result of both osseous and dural defects. 
This chapter introduces rare cases of uncom-
mon clinical presentations of a CSF rhinorrhea. 
Depending on the perspective, the localization 
of rhinorrhea, presenting signs and symptoms, 
or the etiology of rhinorrhea—a rare condition 
or atypical manifestation (i.e., pseudomenin-
gocele)—can be atypical. The chapter does 
not include the most common types of rhinor-
rhea—traumatic or iatrogenic—which should 
be excluded first when differentiating the cause 
of rhinoliquorrhea.

Spontaneous liquorrhea is rare, compris-
ing only 3–4% of all cases of liquorrhea [6]. 
O’Connell developed a classification of sponta-
neous liquorrhea: primary and secondary CSF 
leak, depending on whether the cause is known or 
could not be identified [7]. Ommaya et al., on the 
contrary, thought that all cases of CSF rhinorrhea 
have a cause. He subcategorized them as “high 
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pressure,” usually due to tumors and hydrocepha-
lus, and “low pressure,” caused by  congenital 
abnormalities, osteomyelitis, and focal atrophy 
in the cribriform plate and sella [8].

33.2  Clival Lesion

The cribriform plate of the ethmoidal bone—the 
thinnest place in the skull base—is one of the 
most common sites of liquorrhea, followed by 
the sphenoid and frontal sinuses [9–11]. It is 
important to mention that spontaneous liquor-
rhea in the sphenoid sinus usually occurs in the 
lateral pneumatized sphenoid recess that has 
higher failure repair rate [12]. Those CSF leaks 
arise lateral to the foramen rotundum and Vid-
ian canal (pterygoid canal) in patients with an 
extensive pneumatization of the sphenoid are 
sometimes associated with Sternberg’s canal, 
which is a lateral craniopharyngeal canal result-
ing from incomplete fusion of different sphenoid 
bone components [13]. This happens most fre-
quently in middle-aged overweight women, who 
possibly have increased intracranial pressure 
(ICP) [13, 14]. A nontraumatic osseous defect in 
the clivus is an extremely rare site of spontane-
ous rhinoliquorrhea. The bone in this area of the 
skull base is usually thick and strong; therefore, 
only a few cases of transclival CSF leaks have 
been reported in the scientific literature. Such 
defects are sometimes associated with intracra-
nial hypertension [15–17]. Information about 
the condition is limited. Based on these few case 
reports, it can be summarized that rhinoliquor-
rhea due to a clival defect can be permanent or 
episodic, usually one-sided or leaking posterior 
to the nasopharynx, presenting as recurrent men-
ingitis or headaches.

The etiology usually remains unclear, and 
individual authors present different theories. 
Van Zele et al. claim that innate skull base mal-
formations and an over pneumatized sphenoid 

sinus play an important role together with addi-
tional functional factors such as pulsating effect 
of arteries or increased ICP. It is recommended 
to accurately assess the ICP in all patients with 
a spontaneous CSF leak as increased ICP is 
associated with an increased risk of relapse of 
liquorrhea after the surgical repair [12, 18, 19]. 
To date, spontaneous CSF leak is possibly the 
most common and challenging skull base dis-
order associated with idiopathic intracranial 
hypertension [20].

One of the rare causes of clival defect is 
Ecchordosis physaliphora—a benign tumor, 
arising from the remnants of fetal notochord, 
and found in the intradural space along the clivus 
or, rarely, sacrum. Ecchordosis physaliphora has 
similarities with the chordoma based on both 
histological and ultrastructural features; how-
ever, the latter is characterized by bone invasion, 
aggressive growth, and intradural localization. 
Ecchordosis physaliphora is found incidentally 
in up to 2% of all autopsies and presents with 
headache and diplopia [21]; however, only 14 
cases of ecchordosis physaliphora-related CSF 
leak have been reported so far [22]. Mcdonald 
et al. were the first to report a large ecchordo-
sis physaliphora caused rhinorrhea [23]. Allis 
et  al. presented an ecchordosis physaliphora-
related CSF liquorrhea case, and sphenoid sinus 
was approached via a midfacial degloving to 
repair the defect with a septal mucosal graft and 
biological glue. However, a relapse occurred 
2  months after the surgery; therefore, a trans-
sphenoidal repair of the clival defect was per-
formed using the fascia lata overlay graft, glue, 
and fat tissue [24]. Transsphenoidal-transclival 
endoscopic approach has become the gold stan-
dard for successful repair and closure [22, 25]. 
Bolzoni-Villaret et  al. also present two cases 
that are treated by an expanded endoscopic 
surgical technique, and both patients under-
went a transsphenoidal-transclival endoscopic 
approach (Figs. 33.1, 33.2 and 33.3).
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Fig. 33.2 Endoscopic view by 0° endoscope of case 2. 
Once the lesion (white dots) is opened, high-pressure CSF 
leakage from the prepontine cistern is clearly evident. 
ICA, left internal carotid artery in its vertical cavernous 
portion; S, sella; ST, suction tip

a c

b d

Fig. 33.1 Preoperative axial (a) and sagittal (b) CT scan 
images showing bone remodeling of the posterior wall of 
the right sphenoid sinus and upper clivus. Preoperative 

axial (c) and sagittal (d) T2-weighted MRI: The multilobu-
lated lesion appears to be in contact with the basilar artery 
(white arrow) and the right abducens nerve (black arrow)

33.3  Optic Nerve

A spontaneous CSF leak originating from the 
optic canal is a rare site, which has not been 
previously reported in the literature (Figs. 33.4 
and 33.5). It is known that the meninges extend 
anteriorly through the optic canal and fuse with 
the sclera of the eyeball such that the intracranial 
subarachnoid space is contiguous with the intra-
orbital subarachnoid space. Thus, the subarach-
noid space extends anteriorly along the optic 
nerve sheath where it terminates as the dura and 
arachnoid fuse with the periosteum of the orbital 
cavity.

CSF rhinorrhea originating in the optic canal 
presents challenges in terms of both delicate 
preparation of surrounding bone and limited 
intracranial space that can be involved in repair. 
For example, grafts used for optic canal defects 
must be overlaid on the defect to avoid optic nerve 
compression instead of placed partially within 
the defect as with the more common dumbbell or 

33 Abnormal Presentation of CSF Leak



324

Fig. 33.4 Noncontrast coronal CT of bony defect in the  
optic canal and opacification in the right sphenoid sinus

underlay graft repair, as is commonly employed 
for ethmoid skull base and lateral sphenoid skull 
base defects [26].

33.4  Eustachian Tube Leakage 
of the Middle Skull Base

Cerebrospinal fluid (CSF) otorhinorrhea results 
from an abnormal communication between sub-
arachnoid spaces and pneumatized parts of the 
temporal bone through the osteodural defects at 
the base of the skull [27]. A defect in the middle 

of the skull base serves as a route for the CSF 
to reach the tympanic cavity, and then via the 
auditory tube, the nasopharynx and the nose. CSF 
otorhinorrhea may be acquired or spontaneous. 
Acquired temporal bony defects include traumatic 
injuries (the most common), iatrogenic causes, 
chronic otitis media with or without cholestea-
toma, irradiation, and tumors’ invasion of the skull 
base. A spontaneous otogenic CSF leak, on the 
other hand, is very rare. Some authors suggest that 

a b

Fig. 33.3 Endoscopic view by 0° endoscope of case 1 (a) 
and case 2 (b). A round-shaped medial dural defect is 
present with exposure of the basilar artery (BA) in both 
the cases. The white dotted line highlights the bony clival 

defect. White arrowheads, basilar artery perforators; 
white circles, posterior cerebral arteries; white asterisks, 
superior cerebellar arteries. D, dura; ST, suction tip

Fig. 33.5 Preoperative coronal T2-weighted MRI show-
ing CSF leak without meningoencephalocele from the 
right optic nerve canal in the right sphenoid sinus
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small bony defects of the middle fossa tegmen 
originating from imperfect embryologic develop-
ment may progressively expand with a constant 
CSF pressure [28]. Another theory suggests the 
presence of aberrant arachnoid granulations of the 
dura in the middle and  posterior fossa of the skull. 
Persistent pressure at these arachnoid granulations 
could erode the underlying bone [29]. Patients 
with a CSF leak from the temporal bone may 
complain of aural fullness, hearing loss, tinnitus, 
vertigo, and headache. Middle ear effusion, otor-
rhea, rhinorrhea, and pulsatile movement of the 
tympanic membrane are typical signs of the con-
dition. Medical history might include an episode 
of meningitis as well [30]. Computed tomography 
and magnetic resonance imaging provide essential 
imaging of the encephalocele and suspected CSF 
otorrhea. b2-Transferrin is a specific marker of the 
CSF and should be applied as an assay in cases 
where CSF leakage is suspected [31].

Inner ear dysplasia is another rare cause of 
CSF otorhinorrhea [32–34]. Congenital inner ear 
abnormality is also a major cause of sensorineu-
ral hearing loss in children [35, 36].

The condition is diagnosed using high- 
resolution CT images of the temporal bone [37]. 
Bing Wang et  al. reported 18 patients with an 
otogenic CSF leak secondary to inner ear dys-
plasia. Two of six patients who complained of 
rhinorrhea were misdiagnosed with a CSF rhi-
norrhea and underwent transnasal endoscopy 
initially. In all 18 cases, a CSF leak was identi-
fied during the surgery. The most common defect 
sites were the stapes footplate (55.6%) and the 
areas around the oval window (38.9%) [38]. The 
diagnosis of an otogenic CSF rhinorrhea, in gen-
eral, is challenging and can be easily misdiag-
nosed. CT is the diagnostic standard; however, 
even detailed history and examination can be 
suggestive of the diagnosis. Authors claim that 
“for children without symptoms of meningitis, 
the main presentation is usually a small dis-
charge of clear fluid from the nose that fails to 
attract the attention of parents and doctors. Even 
when parents and doctors note the symptoms, 
if a comprehensive medical examination is not 
conducted, children with CSF rhinorrhea tend 
to be misdiagnosed with allergic rhinitis” [38]. 
Intrathecal gadolinium- enhanced MR cisternog-
raphy (IGE- MRC) is highly sensitive and can be 

used for the evaluation of otorhinorrhea as well 
as to precisely determine the fistula site [39].

Congenital cholesteatoma is a rare entity, 
but this pathology-related otorhinorrhea is even 
rarer. Only one case of a 60-year-old patient with 
a CSF rhinorrhea caused by the congenital cho-
lesteatoma in the petrous apex is reported in the 
medical literature [40].

CSF otorhinorrhea associated with facial 
nerve palsy may be indicative of an arachnoid 
cyst of the fallopian canal. These fistulas are 
extremely rare. Surgical management includes 
closure of the fistula with a precise packing of the 
dilated facial canal to occlude the leak without 
injuring the facial nerve. Only a few cases have 
been reported [41–43].

It is important to note that higher body mass 
index and increased ICP influence the develop-
ment of spontaneous meningoceles and CSF leak 
not only in the cribriform plate and lateral recess of 
the sphenoid sinus but in the temporal bone as well 
[44, 45]. Kutz et  al. suggested that spontaneous 
CSF fistulas should be suspected in obese female 
patients with a chronic middle ear effusion, persis-
tent otorrhea after tympanostomy tube placement, 
or in patients with a history of meningitis [46].

33.5  Distant Pseudomeningoceles 
of the Ventral Skull Base

A pseudomeningocele is an abnormal collec-
tion of cerebrospinal fluid in the soft tissue that 
is not surrounded by arachnoid membrane. It 
arises after a fistula from the subarachnoid space 
causes CSF to leak within an enclosed space such 
as submucosally or subcutaneously. Most of the 
available literature on pseudomeningoceles has 
focused on its occurrence following posterior 
fossa and spinal surgery; a distant spontane-
ous pseudomeningocele has been reported by 
Casiano et al. as two cases of nasopharyngeal and 
soft palate pseudomeningoceles tracking sub-
mucosally from the sphenoid sinus (Fig.  33.6) 
[47]. Four cases of pseudomeningoceles that 
masqueraded as sphenoid sinus pathology have 
also been reported [48]. One patient presented 
with nasal obstruction secondary to a mucosal 
covered “polyp” filling the posterior nasal cavity 
and radiographic expansion of the lateral recess 
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of the sphenoid sinus and posterior maxilla. The 
CT scan did not show any visible bone defect of 
the skull base preoperatively; the mass was diag-
nosed as a mucocele. The patient underwent an 
endoscopic endonasal transpterygoid approach 
to the lateral recess of the sphenoid. Intraopera-
tively, there was elevation of the mucosa from 
the lateral recess of the sphenoid with a con-
tained collection of fluid. Following removal of 
the mucosa, drainage of CSF from a 2 mm defect 
in the lateral recess of the sphenoid sinus was 
noted with no herniation of meninges. This was 
repaired successfully.

The second case presented in a middle-aged 
female with left side clear rhinorrhea positive for 
beta-2-transferrin. The patient complained of wors-
ening headaches over the past month and intermit-
tent blurred vision. Blunt head trauma occurred 
20 years ago. Nasal endoscopy revealed a pulsatile 
mass of the left sphenoid sinus without evidence of 
a CSF leak. Computed tomography (CT) showed a 
total opacification of the left sphenoid sinus without 
bony erosion. Magnetic resonance imaging (MRI) 
revealed that the sphenoid sinus opacification was a 
fluid collection hyperintense on T2-weighted images 
and hypointense on T1-weighted images (Fig. 33.7).

a b c

 

Fig. 33.7 Preoperative CT (a, b) and MRI (c). Computed 
tomography (CT) showed a total opacification (white 
 asterisk) of the left sphenoid sinus without bony erosion 
(white arrow). Magnetic resonance imaging (MRI) 

revealed that the sphenoid sinus opacification was a fluid 
collection hyperintense on T2-weighted images (black 
asterisk)

Fig. 33.6 An MRI with intrathecal contrast showed con-
trast transgressing from the left parasellar area into the 
nasopharynx (white arrow). MRI, magnetic resonance 

imaging. Endoscopic picture, pseudomeningocele near 
the left Eustachian tube (black arrow)
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Fig. 33.8 Pre- and postoperative radiographic imaging 
of case 3. Preoperative CT (a, b) and MRI (c) were 
obtained immediately prior to surgery. The sphenoid 
sinuses are opacified (asterisk), and a fluid collection 

fills part of the right infratemporal fossa (arrowhead). 
Note the extensive erosion of the sphenoid bone. The 
opacification is fluid-filled and hyperintense on 
T2-weighted MRI imaging (MRI-T2)

a b c

 

An expanded endoscopic endonasal approach 
was performed. A very small opening at the mid-
dle part of the clivus was found which caused 
CSF collection under the sinus mucosa. The skull 
defect was repaired successfully.

The third case of pseudomeningocele reported 
by Alec Vaezi et al. was associated with signifi-
cant bony erosion of the sphenoid bone. It was 
noted that the CSF leak possibly eroded the bone 
and caused pseudomeningocele formation. Endo-
scopic endonasal surgery and closure were per-
formed (Fig. 33.8).

In case 4, the CSF leak originated from a 
small bony defect in the infero-lateral aspect of 
the sphenoid sinus and caused distant pseudo-
meningocele in a 55-year-old woman. Excision 
of the presumed nasal polyp resulted in clear 
fluid drainage that was later shown to be beta-2 
transferrin positive.

These four reported cases show us that due to 
the complexity of this pathology, diagnosis is not 
always easy.

33.6  Systemic Disease

Specific congenital, genetic conditions, pre-
determining structural changes (anomalies) 
of a connective tissue, may be associated with 
spontaneous spinal liquorrheas as well as an 

underlying connective tissue disorder have been 
hypothesized to cause dural weakness and a pre-
disposition to a CSF leak [49]. Moreover, spon-
taneous liquorrhea may be the first symptom 
of these disorders. Reinstein et  al. carried out 
a study including 50 patients with spontaneous 
spinal liquorrhea and found nine patients with 
heritable connective tissue disorders, including 
Marfan syndrome, Ehlers-Danlos syndrome, 
and other unclassified forms. In seven patients, a 
spontaneous spinal CSF leak was the first noted 
manifestation of the genetic disorder [50]. Even 
though the study included only patients with 
spinal CSF leaks, there are cases of heritable 
connective tissue disorders-related skull base 
CSF leaks. Ramos et al. described the first case 
of a transclival CSF rhinorrhea in a 36-year-
old patient with Marfan syndrome, which is an 
autosomal dominant genetic disorder caused by 
a mutation in the fibrillin- 1 gene resulting in a 
reduced structural integrity of connective tissue 
[51]. The patient presented with 1 month history 
of rhinorrhea from the left nostril with no history 
of trauma or iatrogenic injury, but a deficiency in 
bone development associated with Marfan syn-
drome gave rise to a clival fenestration and tran-
sclival CSF fistula. The defect was closed using 
the transsphenoidal approach: the defect in the 
clivus was covered with a graft of abdominal fat 
and fibrin glue [52].
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Arteriovenous malformations are associated 
with an increased ICP, which therefore can result 
in the development of meningo/meningoenceph-
alocele and spontaneous liquorrhea [53]. Several 
cases are reported about this pathology. Dural 
arteriovenous malformations, possibly caused by 
an increased ICP, resulted in a CSF rhinorrhea in 
a 43-year-old female patient [54].

A case of a rare cerebrofacial arteriovenous 
metameric syndrome (CAMS)-related CSF leak 
has also been reported in the literature present-
ing a 45-year-old female patient with a history 
of rhinorrhea lasting for several months. CAMS 
is characterized by the presence of retinal, facial, 
and cerebral arteriovenous malformations with 
metameric distribution. Radiological examina-
tion showed a right-sided facial and orbital arte-
riovenous malformations extending posteriorly 
along the optic tract into the suprasellar cistern, 
and a right-sided meningoencephalocele protrud-
ing into the olfactory recess and ethmoid sinus. 
Endoscopic endonasal surgery was performed to 
remove the meningoencephalocele and to repair 
the CSF leak. The authors concluded that “the 
combination of a congenital osseous defect and 
the elevated intracranial pressure secondary to 
the arteriovenous malformations are responsi-
ble for the unusual clinical presentation of this 
patient” [55].

Another rare systemic disease, which can 
be the cause of a CSF leak, is amyloidosis—a 
condition characterized by deposits of altered 
proteins in the tissues [56]. Two distinct forms 
exist: localized amyloidosis that can be man-
aged conservatively or surgically with a good 
prognosis, and systemic, associated with sig-
nificant morbidity and mortality. Localized 
amyloidosis of the head and neck is a slowly 
progressing disease that does not respond to 
medical therapy. Nevertheless, the treatment 
of choice is conservative management unless 
symptomatic. Then, local excision is recom-
mended when necessary. Isolated sinonasal 
amyloidosis is extremely rare [57]. Ali et  al. 
reported a patient with a localized amyloido-
sis of the sphenoid sinus, presenting with a 
cerebrospinal fluid rhinorrhea. An endonasal 
endoscopic approach was used to remove the 

lesion and perform multilayered obliteration of 
the sphenoid sinus. Twelve months follow-up 
showed no evidence of recurrence [58].

Nasal tuberculosis, a localized presentation of 
a systemic condition, has also been shown to be 
the cause of a CSF liquorrhea, which should be 
suspected in the differential in endemic areas [59].

Calvarial encephaloceles occur most fre-
quently in the occipital region and are usually 
noted at birth. In contrast, basal meningoenceph-
aloceles are extremely rare congenital malforma-
tions and are frequently occult. A rare case of 
basal meningoencephalocele that protruded into 
the left pterygoid fossa from the middle cranial 
fossa has been reported (Fig. 33.9) [60].

33.7  Nonsurgical Iatrogenic- 
Induced CSF Leak

A CSF leak can develop following a nonsurgi-
cal treatment of skull base tumors. The literature 
presents cases when cerebrospinal fluid (CSF) 
rhinorrhea appears after a medical treatment of 
a pituitary adenoma, especially with a dopamine 
agonist therapy of invasive prolactinomas. It has 
been estimated that rates of rhinorrhea after ini-
tiating dopamine agonist therapy are 6–7% [36, 
61]. The mean time from the initialization of a 
medical treatment to the onset of rhinorrhea is 
about 3 months [62–66]. Priddy et al. presented 

Fig. 33.9 Axial CT at the level of the inferior turbinate. 
A dense, oval soft tissue mass (asterisk) is present in the left 
pterygoid fossa. Arrow, medial pterygoid plate; 
arrowhead, lateral pterygoid plate
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the case of a CSF rhinorrhea caused by a systemic 
erlotinib chemotherapy for anterior skull base 
metastases in a 66-year-old woman presented 
with stage IV adenocarcinoma of the lung [67]. 
Chemotherapy of the tumor is rarely complicated 
by a CSF leak; therefore, the exact rate of the 
condition is not known. It is thought that a CSF 
leak is associated with the invasion of a tumor to 
the bone and dura mater: when tumor cells disap-
pear or shrink in size as a result of treatment, a 
defect remains in the skull for a CSF leak [67]. 
It has also been reported that a CSF leak is a rare 
complication following flutamide therapy, espe-
cially if large areas of the anterior skull base are 
involved [68].

Stereotactic radiosurgery and radiotherapy are 
becoming increasingly common in the manage-
ment of skull base tumors and other disorders.
The literature presents cases of CSF rhinorrhea as 
a complication of such treatment methods: CSF 
rhinorrhea occurred 4 months after a stereotactic 
radiosurgery treatment of a metastatic renal cell 
carcinoma in the petroclival region [69]. A case 
report of a patient with a GH-secreting adenoma, 
treated with gamma knife surgery, described a 
CSF rhinorrhea, which occurred 11 years after the 
treatment. However, the authors tended to relate 
the complication to the empty sella observed 
in the MR images, and just then to “the other 
potential causes, may be the original invasive-
ness of the tumor or delayed radiation damage 
to the mucous membranes of the skull” [70]. It 
was noticed that radiosurgery is more frequently 
complicated with the CSF rhinorrhea in patients 
who already underwent a transsphenoidal surgi-
cal tumor excision. Perry et al. reported two cases 
of a delayed CSF leak after gamma knife radio-
surgery for pituitary adenoma. Notably, both the 
patients had a transsphenoidal tumor resection in 
the history. The authors concluded that CSF leaks 
of this origin “have the potential to be refrac-
tory,” and thus, it is recommended to perform 
an “aggressive reconstruction preferably with a 
vascularized flap, and potentially supplemented 
by placement of a lumbar drain and acetazol-
amide. Current evidence is scant and provides 
little insight regarding an underlying mecha-
nism, which may include bony destruction by the 

tumor, delayed radiation necrosis, or a secondary 
empty sella syndrome.”

It can be summarized that a clear rhinorrhea 
for a patient treated with medication or radio-
therapy for a cerebral or skull base tumor should 
be investigated for a potential CSF leak. If rhi-
noliquorrhea is confirmed, an urgent surgical 
management is needed to prevent such severe 
complications as meningitis.
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Management of Idiopathic 
Intracranial Hypertension

Ehtesham Ghani, Mahmoud AlYamany, 
and Fahad Alfawwaz

34.1  Definition

Idiopathic intracranial hypertension (IIH) is char-
acterized by symptoms and signs of raised intracra-
nial pressure (ICP) with normal cerebrospinal fluid 
(CSF) composition and no other cause of intracra-
nial hypertension evident on neuroimaging [1].

34.2  Terminology

The first report of idiopathic intracranial hyper-
tension came from Heinrich Quincke in 1893 with 
the diagnosis of serous meningitis [2]. The term 
pseudotumor cerebri was introduced by Max 
Nonne in 1904 [3]. Its name was changed to 
benign intracranial hypertension in 1955 [4]. The 
terms “pseudotumor cerebri” and “benign” were 
used at that time as mostly intracranial hyperten-
sion was linked with brain tumors. “Benign” 
means not fatal, nonthreatening or not harmful. In 
contrast, it can threaten the vision and affect the 
activity of daily living. The term benign intracra-

nial hypertension is now obsolete as it is associ-
ated with significant morbidity of visual 
impairment [5]. Therefore, it was revised to idio-
pathic intracranial hypertension (IIH) in 1989 [6].

34.3  Epidemiology

The incidence of IIH is approximately 1/100,000/
year to 13/100,000/year in women between 20 to 
40-year who are 10% above the ideal body weight 
and 19/100,000/year in those 20% above the 
ideal body weight [5]. In simple words, it mainly 
affects obese women of child bearing age [7]. 
However, it is also seen in males [5]. Children as 
young as 4-months can be affected [8]. The prev-
alence is higher reflecting the chronic nature of 
the condition.

34.4  Associations

Diseases like hypothyroidism, hyperthyroidism, 
anemia, chronic hypocalcemia due to vitamin D 
deficiency and hypoparathyroidism are linked 
with IIH. Drugs related IIH have been reported 
which include tetracycline, isotretinoin, thyrox-
ine, nitrofurantoin, oral contraceptives and ste-
roid withdrawal. Medical conditions including 
obstructive sleep apnea, systemic lupus erythe-
matosis, and Behcet’s disease also have some 
association with IIH [5, 8].
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34.5  Pathogenesis

There are different theories that are related to the 
pathogenesis of IIH. These are related to impaired 
CSF dynamics which include decreased CSF 
absorption, increase CSF secretion, increased 
blood volume, increased dural venous sinus pres-
sure and brain edema [8, 9].

34.6  Diagnosis

Diagnosis of IIH is not simple as it can occur in the 
absence of classical signs including papilledema. 
CSF pressure at the time of lumbar puncture may 
be normal. Therefore, IIH has wide clinical spec-
trum. Diagnosis depends on clinical presentation, 
ophthalmological assessment, radiological find-
ings and the results of lumbar puncture.

Dandy [10] described the original criteria of 
IIH including:

• Signs and symptoms of increased ICP–CSF 
pressure more than 25 cmH2O.

• No localizing signs with the exception of 
abducens nerve palsy.

• Normal CSF production.
• Normal to small ventricles on imaging with no 

intracranial mass.

In 1985 Smith revised the criteria of IIH by 
including computer tomography (CT) scan 
instead of ventriculography [11].

Friedman and Jacobson [1] introduced the 
Modified Dandy criteria in 2002 that include:

• High-pressure headache and papilledema.
• CSF opening pressure of more than 25 cmH2O.
• Awake and alert patient.
• No localizing signs other than lateral rectus 

paresis.
• Normal CSF constituents.
• Normal brain imaging with no evidence of 

venous obstruction.
• Benign clinical course apart from visual 

deterioration.
• No other cause of raised intracranial pressure.

Moreover, they stated that lumbar puncture 
should be performed in lateral lying position as 

lumbar puncture in sitting position can lead to 
falsely high CSF pressure.

Mollan et al. [12] divided IIH into the follow-
ing three types;

 1. Fulminant IIH: the patient has imminent risk 
to vision.

 2. Typical IIH: the patient is a woman of repro-
ductive age with body mass index (BMI) of 
more than 30 kg/m2.

 3. Atypical IIH: the patient is not female, or if 
the patient is female, she is not of reproduc-
tive age and her BMI is less than 30 kg/m2.

34.7  Symptoms

Symptoms of IIH are nonspecific. These are 
related to raised ICP. Headache and visual distur-
bances are the main presenting symptoms. 
Headache is predominantly frontal in location. It 
worsens while lying down. It may wake the 
patient at night. It is also more in the early morn-
ing. Visual disturbances include blurring of 
vision, transient visual loss and diplopia. Patient 
may present with seizures or neck pain [8].

CSF rhinorrhea is a rare presentation of 
IIH.  The long-standing pulsatile effect of CSF 
under high pressure leads to expansion and even-
tual rupture of arachnoid sleeve surrounding the 
olfactory rootlets which pass through cribriform 
plate, results in CSF rhinorrhea. It may also lead 
to the rupture of arachnoid in the empty sella due 
to downward herniation of diaphragma sella. 
CSF pressure measurements after sealing the 
defect confirms the diagnosis of IIH if there is no 
papilledema. The persistent elevated ICP causes 
remodeling of skull base, that may result in 
meningo-encephaloceles which also in turn leads 
to CSF rhinorrhea. CSF rhinorrhea with IIH must 
be considered as high-pressure CSF leaks and 
should be treated accordingly [13–15].

34.8  Signs

As per definition and diagnostic criteria, neuro-
logical examination is normal except for papill-
edema and or sixth cranial nerve palsy. 
Occulomotor and trochlear nerves palsies can 
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also be seen occasionally. Other rare findings 
include facial paresis, hyper-reflexia, bruit, hypo-
glossal nerve palsy, nystagmus and choreiform 
movements. However, features other than papill-
edema and or sixth cranial nerve palsy are rare. 
The level of consciousness and intellectual func-
tions remain normal in IIH [8]. Diagnosis of 
intracranial lesion (tumor, infection, inflamma-
tory process) must be ruled out if such rare fea-
tures are present.

Papilledema is the hallmark feature of IIH. It 
is usually bilateral but it may be unilateral or 
asymmetrical despite the global nature of dis-
ease. Fluorescein angiography differentiates 
between papilledema and pseudo-papilledema 
(optic nerve drusen). Persistent papilledema will 
lead to secondary optic atrophy [16].

The enlargement of blind spot is the most 
common visual field change. It is followed by 
central scotomas, inferior nasal field defect and 
peripheral visual field constriction. The visual 
field assessment is the most sensitive indicator of 
impending visual impairment [8, 12].

Visual loss is the main serious and threatening 
complication of IIH. A number of retinal changes 
may also contribute to visual impairment that 
includes choroidal compression folds across 
macula, choroidal neovascularization and serous 
retinal elevation around optic nerve head in 
severely acute cases. Flattening of the globe may 
lead to refractive changes as well [5].

34.9  Imaging

CT scan is the initial screening test. Magnetic 
resonance imaging (MRI) assists in the diagnosis 
of IIH.  Intracranial lesion must be ruled out 
before making the diagnosis of IIH. Radiological 
features of IIH include undilated, small or slit 
ventricles, hydrops of optic nerve sheath, tortu-
ous course of optic nerve, flattening of posterior 
aspect of globe and empty or partial empty sella 
as shown in Fig. 34.1 [12]. Magnetic resonance 
venography should be done to diagnose venous 
sinus thrombosis. It must be considered if the 
patient does not improve after lumbar puncture. 

Orbital ultrasound is also a useful tool as it helps 
in assessing the diameter of optic nerve [8].

34.10  Diagnostic Lumbar Puncture

Lumbar puncture is done after excluding intra-
cranial lesion on MRI. CSF pressure varies nor-
mally as it does in IIH [8]. It may be normal with 
papilledema. In such cases, repeated lumbar 
punctures or lumbar CSF pressure monitoring 
can be useful. It can work as diagnostic and ther-
apeutic modality. If the pressure is more than 
30  cm H2O, CSF can be drained gradually to 
reduce the pressure below 15 cm H2O.

34.11  Management

IIH causes significant short term and long-term 
morbidity with no proven effective treatment 
available. A prospective study is needed to estab-
lish the indications and the efficacy of the treat-
ment. The main goal of treatment is to save the 
vision. The other aim is to alleviate the symp-
toms. CSF pressure may remain high despite of 
resolved papilledema. Asymptomatic papill-
edema with progressive visual loss has been 
reported in the literature [8]. Most cases respond 
to medical treatment at least temporarily. Gradual 
improvement or stabilization of the symptoms 
occurs with the treatment. Many of the patients 
with IIH have persistent papilledema, visual field 
defects and raised ICP.

34.12  Acetazolamide

Acetazolamide is a carbonic anhydrase inhibitor. 
It is the first choice in the medical management 
of IIH. Its usual dose is 1-g/day. It may be raised 
to 4-g/day in refractory cases. It is a diuretic 
agent that acts on proximal renal tubules. It low-
ers intracranial and intra-orbital pressures. Side 
effects are dose related which include gastro- 
intestinal upset, peri-oral and digital tingling, 
loss of appetite, electrolyte imbalance, metabolic 
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Fig. 34.1 CT scan shows small ventricles (a). MRI shows tortuous course of optic nerves (b, c), empty sella (d) and 
hydrops of optic nerve sheath (e)
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acidosis and renal stones [8]. It is contraindicated 
in patients who have sulfa allergy. It belongs to 
FDA class C. Therefore, it should only be used if 
potential benefits are more than risks during 
pregnancy. It is associated with teratogenic 
effects during the first trimester in animal 
studies.

34.13  Topiramate

It is a striking option for the treatment of IIH. It 
has similar efficacy to acetazolamide with regard 
to improvement in visual field and symptom 
relief. It reduces the CSF production by acting on 
carbonic anhydrase. It also helps in reducing the 
weight which is one of the treatment modalities 
of the condition [17].

34.14  Steroids

Resolution of IIH symptoms and papilledema 
usually takes two weeks with acetazolamide. If 
this does not occur, steroids may be added as 
these help in reducing the brain edema and swell-
ing. On the other hand, steroids cause weight gain 
which may worsen IIH. Steroid withdrawal may 
result in severe rebound IIH [8]. There are other 
systemic side effects as well. Therefore, steroids 
should be avoided in the treatment of IIH.

34.15  Other Medications

Furosemide and indomethacin have also shown 
some effect in the treatment of IIH [18, 19].

34.16  Therapeutic Lumbar 
Puncture

Repeated lumbar punctures are used for diagno-
sis as well as for symptomatic relief. Effect of 
repeated spinal taps is usually short lived. It may 
be a painful and distressing procedure for the 
patient. It can result in chronic back pain and car-
ries a theoretical risk of developing intraspinal 

epidermoid tumors [8]. Moreover, it will be dif-
ficult to do in obese patients. In such circum-
stances, interventional radiologist will be of great 
help. However, it may be valuable in patients 
who are pregnant and who wishes to delay the 
surgical treatment. Theoretically repeated lumbar 
puncture using large bore spinal needle may cre-
ate a path for the CSF to the spinal epidural space 
where it can be absorbed by the paraspinal 
muscles.

34.17  Surgery

Surgery is considered for the patients with dete-
riorating vision and who have severe incapacitat-
ing headaches that are not responding to medical 
treatment. Surgical options include subtemporal 
decompression, CSF diversion surgery and bar-
iatric surgery.

Potential indications for surgery include: [6].

• Poor vision due to papilledema.
• Worsening visual field defect despite medical 

therapy.
• Intractable headache.
• Anticipated hypotension (as with antihyper-

tensive medications and renal dialysis).
• Difficult follow-up.

34.18 Cranial Decompression

Historically, subtemporal decompression was 
tried for the treatment of IIH but it was ineffec-
tive in reducing the CSF pressure [20].

34.19  Optic Nerve Sheath 
Fenestration

Optic nerve sheath fenestration (ONSF) was first 
performed for the relief of papilledema via trans- 
conjunctival approach in 1871. CSF was drained 
into the orbit after making incision in optic nerve 
sheath [21].

ONSF provides successful resolution of pap-
illedema and rapidly reverses the visual impair-
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ment. The fundamental steps to success with 
ONSF are early intervention and appropriate 
expertise [8]. Patient may be treated with second 
ONSF after initial failure. Eyes that need more 
than one ONSF rarely improve after surgery due 
to the vascular insult to optic nerves [16]. The 
most common complications are transient diplo-
pia, pupillary dysfunction and visual loss. 
Blindness is reported in 1–2% of the cases [5, 
22]. Therefore, the procedure is recommended 
for those who have threat to vision or in those 
who did not get benefit from the CSF diversion.

34.20  Shunt Surgery

Headache, diplopia, visual impairment and pap-
illedema improve after CSF diversion surgery. 
Headache resolves almost immediately after the 
CSF diversion procedure. Lumbo-peritoneal 
shunts were used in the past. Now the trend is 
toward ventriculo-peritoneal (VP) shunt surgery.

34.21  Lumbo-Peritoneal Shunts

It is a satisfactory treatment method for the 
majority of the patients with IIH. However, some 
of them require multiple shunt revisions. It effec-
tively lowers raised ICP, relieves headaches and 
improves vision and papilledema. Shunt obstruc-
tion and low pressure headaches are the main 
complications. It also carries the risks of cerebel-
lar tonsillar herniation, syringomyelia, subdural 
hematoma, lumbar radiculopathy and infection 
[5, 8, 16].

34.22  Ventriculo-Peritoneal Shunts

VP shunt surgery is another option in the surgical 
treatment of IIH.  Frameless stereotactic image 
guidance techniques for the insertion of VP shunt 
in the presence of small ventricles are published 
in the literature. Problems that are related to over- 
drainage from lumbo-peritoneal shunts are 
avoided through VP shunt [5]. Moreover, by 
using this technique, chances of optimal place-

ment of ventricular catheter are improved. When 
this technique is used, ventricular cannulation 
rate reaches up to 100% [23]. Various intraopera-
tive modalities have been employed in addressing 
the challenges of accurate insertion of ventricular 
catheter. These modalities include the use of nav-
igation, stereotaxic guidance, ultrasound, endo-
scope and intraoperative CT (iCT) scan. 
Frameless stereotaxy has some limitations 
including head fixation, intraoperative cost of the 
equipment and added operating time. With the 
help of iCT, adjustment of the ventricular cathe-
ter can be easily made. Although, increased intra-
operative time is an important factor for shunt 
infection. These additional intraoperative modal-
ities do not effect the rate of shunt infection [24]. 
VP shunt may be less prone to shunt obstruction 
than lumbo-peritoneal shunts [25]. In recently 
published article, authors stated that stereotactic 
placement of bilateral VP shunt catheters 
improves shunt survival rates and the presenting 
symptoms in patients with IIH [26]. It may be 
more effective and functionally sustained method 
for the treatment of IIH.

34.23  Endoscopic Repair

The chances of spontaneous resolution of CSF 
rhinorrhea with IIH are less. Endonasal endo-
scopic repair is the standard of care. The rate of 
recurrence is higher due to IIH.  Early recur-
rence was noted at same site. However, late 
recurrence was noted at distant site [27]. 
Therefore, IIH should be treated at the same 
time either with medications or with surgical 
intervention [14, 28].

34.24  Venous Sinus Stenting

In IIH with venous sinus stenosis, venous sinus 
stenting is an alternative approach. There may be 
some technical problems related to stent delivery 
in the area of stenosis. It can be overcome by 
appropriate selection of the stent and operator 
dependent technique [29]. It also helps in reliev-
ing headache and improving vision [30]. 
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Although it improves the symptomatology, it can 
result in stenosis proximal to the stent, stent- 
migration, in-stent thrombosis and intracranial 
bleeding [31].

34.25  Weight Loss

Vision, visual field and papilledema improve rap-
idly in patients who have weight loss after diag-
nosis. In obese patients, resolution of symptoms 
can be achieved with bariatric surgery in 95% of 
the cases [32]. Weight gain may be a contributing 
risk factor for the recurrence.

34.26  Conclusion

IIH can affect the normal life and cause signifi-
cant visual catastrophe. Early recognition, 
prompt diagnosis, quick and timely intervention 
either medical or surgical may preserve vision. 
There are no randomized controlled trials to 
guide the decision as to which procedure or the 
treatment is best.
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Olfaction and CSF Leak

Carl Philpott, Naif Alotaibi, and Philippe Rombaux

35.1 Introduction

The olfactory system is considered the most sen-
sitive system for detection and identification of 
odours. It influences the quality of life and plays 
an innate role of safety by warning about the dan-
gers of environmental and occupational hazards. 
It also has a major role in food intake and percep-
tion of odours [1–3].

Around 6–10 million bipolar olfactory recep-
tor cells are located at the superior recess of nasal 
cavity (olfactory cleft) including the middle and 
the superior turbinate, at the upper nasal septum, 
and below the cribriform plate [3–5] (Fig. 35.1). 
The olfactory cells within the pseudostratified 
columnar epithelium contribute in recovery of 

the sense of smell after infections or trauma due 
to their ability of regeneration from the basal and 
the globose cells [3].

Normal olfactory function requires a normal 
nasal physiological environment along with nor-
mal anatomical nasal and olfactory groove 
patency [3]. These factors are affected by com-
mon disorders including chronic rhinosinusitis, 
upper respiratory infections, toxic exposure, head 
injury, aging, genetic factors, smoking, and drugs 
[4–6]. These disorders might cause an altered 
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Fig. 35.1 The superior recess of nasal cavity (olfactory 
cleft) including the middle and the superior turbinate, at 
the upper nasal septum, and below the cribriform plate, 
the majority of olfactory epithelium is located in this ana-
tomical area. (Reproduced with permission from: Aaron 
I. Brescia and Allen M. Seiden (2009) The Anatomy and 
Physiology of Olfaction and Gustation In Rhinology 
and Facial Plastic Surgery. F. J.  Stucker, C. de Souza, 
G.  S. Kenyon, T.  S. Lian, W.  Draf, B.  Schick (Eds.).  
Springer)
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sense of smell, which might be temporary or 
 permanent [6].

Olfaction is considered an important diagnos-
tic and prognostic factor in rhinology and general 
otolaryngology practice. Disorders related to 
olfactory system might negatively affect certain 
professionals such as chefs, firefighters, electri-
cians, military personnel, and nutritionists and 
might affect their personal safety [7]. A growing 
amount of evidence suggests that the olfactory 
disorders manifest as early symptoms (mainly 
associated with identification and discrimination 
of odours) and signs of neurodegenerative dis-
eases including the Alzheimer’s disease and the 
Parkinson’s disease [4].

Olfactory dysfunction can be classified into 
quantitative (hyperosmia, hyposmia, and 
 anosmia) or qualitative (parosmia, phantosmia) 
disorders [8].

Clinicians should evaluate the olfactory abili-
ties with different diagnostic tools available, not 
limited to the Sniffin’ Sticks test (Burghardt®, 
Wedel, Germany) and The University of 
Pennsylvania Smell Identification Test [9, 10]. 
Objective evaluation provides the patients and 
the clinicians with the ability of baseline assess-
ment to measure the disease progression or the 
treatment outcomes (medical or surgical or both). 
It also helps in better documentation for medi-
colegal purposes and in better standardization of 
tools for research.

35.1.1  Cerebrospinal Fluid 
Rhinorrhoea and Olfaction

Cerebrospinal fluid (CSF) rhinorrhea commonly 
results following head injuries. It may also be iat-
rogenic, idiopathic, or related to anterior skull 
base tumours. CSF leak may occur more fre-
quently due to a defect in the meningeal layers or 
due to destruction at the anterior skull base. The 
dura at this site is more adherent than at the other 
parts of the skull base. Due to this anatomical 
feature, the CSF leak is more frequently associ-
ated with this site compared to injuries at other 
sites such as temporal bone fractures [11].

35.1.2  Head Trauma, CSF, 
and Olfaction

Olfactory nerve palsy is commonly observed fol-
lowing anterior cranial fossa fractures [12]. The 
olfactory cleft is located at the roof of the nasal 
fossa and is attached to anterior cranial fossa 
(cribriform plate). Altered olfactory function is 
associated with CSF rhinorrhoea following 
trauma to the anterior skull base that mainly orig-
inated from the ethmoidal areas and the cribri-
form plate [13]. It can be predicted during the 
physical examination with signs such as perior-
bital ecchymosis and telecanthus [13]. CSF leaks 
following head trauma are encountered in 1–3% 
of all closed traumatic brain injuries in adult pop-
ulation as a result of different types of trauma that 
are not limited to falls, assaults, and motor vehi-
cle accidents. On the other hand, 80–90% of all 
the instances of CSF leaks in adult patients are 
due to head injuries. The altered olfactory sense 
might be observed within 48 h after the surgery 
and manifests in 95% of the patients within the 
following 3 months [3, 11, 12, 14]. Fractures at 
the cribriform plate and at the junction of the eth-
moidal bones bilaterally, are believed to be the 
most frequent sites of CSF leak following head 
trauma. Trauma at these sites along with other 
factors including arachnoid tearing and dural dis-
ruption contribute to CSF leak [11]. Trauma and 
brain injuries are considered some of the com-
monest causes of olfactory disorders after upper 
respiratory tract infections, with an estimated fre-
quency of 5–17%. The variability in frequency 
among different studies might be influenced by 
the variety of tools used for diagnosis and evalu-
ation of the olfactory function [13, 15]. Injury to 
the olfactory nerve is often complicated by CSF 
leak. Jin et  al. [16] reported that 74.2% of the 
olfactory nerve injuries were associated with the 
CSF leak. It is important to highlight that while 
repairing the CSF leak at the olfactory cleft, sur-
geons have to consider the olfactory function 
without jeopardizing the treatment outcomes 
[16]. Patients and /or health care practitioners 
might miss the signs and symptoms of the olfac-
tory disorders for months after head trauma or 
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brain injuries in contrast to CSF leak which 
appears earlier, starting at or investigated at 48 h 
following trauma [7, 12, 13].

Olfactory disorders following head trauma or 
brain injuries are believed to be elicited by 
stretching, distortion, or direct injury to the olfac-
tory or the central nervous system [7, 17, 18]. 
Direct shift of the brain position relative to the 
skull base (coup-contrecoup injuries) or bony 
disruption of the cribriform plate and the eth-
moidal bones unilaterally or bilaterally [13], 
might also be among the mechanisms responsible 
for the olfactory disorders [19]. These pathomech-
anisms are more frequently associated with motor 
vehicle accidents. The foramina (filia in cribri-
form plate) that the olfactory nerves traverse to 
reach the olfactory bulb are vulnerable to injury 
in head trauma. Given the fact that this site has 
adhered meninges, CSF leak might be present in 
such scenarios of nerve shearing or coup- 
contrecoup injuries [13].

Skull base defects following trauma are 
believed to be one of the major factors con-
tributing to the formation of encephaloceles 
or meningoencephaloceles. Encephaloceles or 
meningoencephaloceles located in the olfactory 
clefts might result in the olfactory disorders as 
well. Shearing of the olfactory nerves or fractures 
of the cribriform plate with CSF leak may cause 
bilateral smell disorder. It is less likely in cases of 
unilateral skull base tumours. The sense of smell 
on the normal side is less likely to be affected in 
cases of limited (small size) unilateral tumours 
and even in case of postsurgical resection accord-
ing to some reports [20, 21].

It is important to note that the altered sense of 
smell might be associated with multiple factors 
prior to or after the incidence of traumas includ-
ing previous sinonasal or brain pathologies and 
surgeries, skull base defects, viral infections, 
chemotherapy, radiation treatment to the head 
and neck, Alzheimer’s disease, and Parkinson’s 
disease [5, 13]. Therefore, detailed history and 
review of the medical reports are imperative. 
During acute trauma conditions, the focus of 
the treatment is on emergencies such as hema-
toma and severe brain injuries with CSF leak. 

Understandably, olfactory sensory loss might 
not be adequately evaluated even after months 
following the primary acute event. Therefore 
any objective or subjective olfactory assessment 
will be useful to determine the baseline olfactory 
function [13, 20].

35.1.3  Iatrogenic

CSF leak following functional endoscopic sinus 
surgery (FESS), skull base surgeries, and cranio-
facial surgeries is a known risk that should be 
anticipated and discussed with patients. The most 
common site to be injured during FESS is the lat-
eral cribriform lamella. Although the experience 
of the surgeons, surgical tools and equipment, 
and severity of the pathology (Chronic sinusitis, 
tumour size, and tumour extensions) influence 
the surgical outcomes, the anatomy of the ante-
rior skull base also plays a major role during 
FESS.  The surgeon dissecting the ethmoidal 
sinuses is operating above the lower level of the 
anterior skull base, making it a relatively chal-
lenging step during FESS [22].

CSF leak post FESS usually presents as uni-
lateral CSF rhinorrhoea immediately following 
the surgery, or may be delayed. Various authors 
have reported that patients had objective anosmia 
following FESS or septoplasty (anosmia caused 
by surgery, and not disease-related anosmia). 
Although the published literature involved case 
reports, altered sense of olfaction or complete 
loss of olfaction should not be neglected due to 
medical and legal aspects [23–25].

35.1.4  Idiopathic Intracranial 
Hypertension (IIH)

Idiopathic intracranial hypertension (IIH) is a 
medical condition associated with elevation in 
CSF pressure with normal brain parenchyma, or 
obstructive hydrocephalus, and has no known 
cause. Chronic severe headache and visual 
impairment (papilloedema) are the main present-
ing symptoms of IIH [21, 26]. Majority of the 
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patients with IIH are obese (90%) and female 
(80%) [27–29]. Increasing amount of literature 
has reported impaired olfactory sense as one of 
the manifestations of IIH [21]. Dilatation of the 
arachnoid sheath of the first and second cranial 
nerve was found to be associated with increased 
CSF pressure and CSF leak in cases with IIH 
[30].

Osteo-dural defects at the cribriform plate are 
believed to be the most common cause of sponta-
neous CSF rhinorrhoea [31, 32]. These defects 
create a communication between the subarach-
noid space and the sinonasal spaces (the nasal 
and the paranasal cavities) [31–33].

35.1.5  Tumours

Benign or malignant tumours located at the ante-
rior skull base commonly affect the olfactory 
sense. Meningiomas affecting the olfactory bulb 
commonly result in such a comorbidity because 
of the nature and the evolution of the disease, or 
as a sequela of surgical treatment or radiotherapy. 
Esthesioneuroblastoma is a rare neoplasm origi-
nating from the olfactory neuroepithelium pri-
marily in the superior nasal cavity. It involves the 
anterior skull base and grows along the cranial 
nerves into and out of the skull base [6, 34]. Risk 
of CSF leak and anosmia (unavoidable) might be 
significant comorbidities due to the necessity of 
total tumour resection, which includes the cribri-
form plate and the olfactory bulb. In certain con-
ditions, unlike the extensive involvement of the 
anterior cranial fossa, unilaterally located malig-
nant tumours including esthesioneuroblastomas 
with negative resection margins sparing the con-
tralateral side, might preserve the sense of smell 
[20, 35].

Olfactory groove meningiomas (OGMs) 
account for 4–13% of all the intracranial menin-
giomas. Surgical resection is the primary mode 
of treatment (endoscopic or transcranial 
approach). When the surgical resection is not an 
option, other treatment modalities such as radio-
therapy and stereotactic radiosurgery [36–38] are 
available. Jang et al. [39] found that olfaction was 

preserved in 55% of the studied patients who 
underwent resection of OGM; the patients had 
meningioma less than 4 cm in size and did not 
complain of olfactory disorder previously. 
However, the small sample size might decrease 
the statistical power of this study. High rates of 
CSF leaks following endoscopic resection of 
OGM in suboptimal reconstruction are a major 
concern [40]. CSF leak and anosmia were impor-
tant sequelae of the surgery. Therefore, contro-
versies regarding surgical approaches for OGM, 
preservation of olfaction, and CSF leak were 
reported by different authors. Shetty et  al. [38] 
believed that the endoscopic endonasal 
approaches usually result in anosmia, and the 
transcranial approach might have a better chance 
of preserving the olfactory sense. Smaller benign 
tumours are less likely to invade the cribriform 
plate and consequently, less likely to be removed 
in cases with OGM [41]. Incidence of CSF leak 
while resecting the benign tumours of the ante-
rior skull base is believed to be higher when com-
pared with the other skull base locations. This 
outcome may be related to multiple factors 
including tumours at the posterior wall of the 
frontal sinus and crista galli that are difficult to 
repair, the experience of the surgeon, techniques 
and material for the anterior skull base defect clo-
sure, and the learning curves [38].

35.2  Preventative Management

In order to attempt to avoid poor olfactory func-
tion after treatment for CSF leaks or skull base 
surgery, planning of the surgical approach and 
opportunities to avoid unnecessary injury to the 
olfactory apparatus are needed. The approach uti-
lized will depend on the experience of the surgi-
cal team involved, but increasingly skull base 
lesions in the anterior cranial fossa will be man-
aged endoscopically. Patients undergoing endo-
scopic skull base surgery (ESBS) typically have 
less problems with preexisting inflammatory 
sinonasal disease and as such with preexisting 
olfactory loss, although this will of course depend 
on the site of the lesion. A CSF leak occurring in 
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the olfactory niche has a higher chance of any 
repair being associated with olfactory dysfunc-
tion postoperatively than other locations such as 
the ethmoid roof (orbital process of the frontal 
bone). Endoscopic approaches nonetheless typi-
cally create far less potential trauma to the olfac-
tory apparatus than open approaches where 
traction on the frontal lobes can lead to damage 
of olfactory fila passing through the cribriform 
plate. Inevitably any surgery involving the olfac-
tory apparatus directly or necessitating resection 
of the cribriform plate will be associated with a 
much higher potential for postoperative olfactory 
dysfunction.

35.2.1  Olfactory Assessment

Ideally, where there is a potential for the surgical 
intervention to have a deleterious effect on olfac-
tion, patients should undergo preoperative psy-
chophysical testing such as with the Sniffin’ 
Sticks or the UPSIT to provide a baseline perfor-
mance. This will also help identify patients with 
preexisting olfactory loss and guide counselling 
of postoperative outcomes and expectations.

35.2.2  Imaging

Patients undergoing ESBS typically receive both 
CT and MRI imaging prior to surgery, which will 
have been utilized to discuss the treatment 
options for the individual patient and to plan the 
surgery. Skull base units may also have access to 
image guidance systems, allowing use of the pre-
operative imaging during the ESBS. Appropriate 
use of imaging for careful planning in conjunc-
tion with sound anatomical knowledge and surgi-
cal finesse can help to anticipate and avoid 
unnecessary injury to the olfactory apparatus [42, 
43]. Of course, this will be dependent on the 
planned procedure and any potential need to sac-
rifice parts of the olfactory apparatus in the name 
of a sound oncological resection. In cases where 
the pathology is confined unilaterally, preserva-
tion of olfactory function may prove more attain-

able [44], especially with modern endoscopic 
techniques [45, 46].

35.2.3  Technique and Sequelae

35.2.3.1  Direct Trauma 
and Reconstruction

Clearly direct injury to the olfactory apparatus 
will inevitably lead to deleterious outcomes, but 
the extent of the injury may be crucial. Traditional 
craniotomy approaches with retraction of the 
frontal lobes, typically results in tearing of olfac-
tory fibres and anosmia. Endoscopic approaches 
lend themselves to a more conservative approach 
and the potential to avoid injury. The use of vas-
cularized flaps have become commonplace in 
ESBS but the technique in relation to these may 
be critical for postoperative olfactory function. 
Griffiths et al. compared the techniques of bilat-
eral nasoseptal rescue flaps with pedicled naso-
septal or middle turbinate flaps [47]. Neither 
approach favoured better olfactory outcomes 
with the former being associated with a lower 
risk of epistaxis. Furthermore, they recom-
mended that superior olfactory strip preservation 
during elevation of the flaps maintained adequate 
surgical exposure as well as helping to preserve 
olfactory function. In contrast, another study 
demonstrated that there was a significant decrease 
in olfactory function of the side of the nasoseptal 
flap donor in comparison with the opposite side 
[48] and similarly another study showing 
decreased olfactory function on the UPSIT test in 
both comparator groups, showed that the patients 
who had the nasoseptal flap utilized fared worse 
[49]. Greig et al. were quite clear to recommend 
avoidance of nasoseptal flaps for reconstruction 
due to evidence from their systematic review for 
adverse olfactory outcomes [50].

In a study looking specifically at pituitary ade-
nomas, this revealed worse olfactory perfor-
mance in the group receiving cautery compared 
to those where cold steel was used [51]. A large 
case series of 513 patients undergoing ESBS for 
a variety of reasons including CSF leak repair 
found that failures were not significantly related 
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to the reconstruction technique (p  =  0.28) but 
unfortunately did not consider olfaction within 
this remit [52]. A series of 113 cases of endo-
scopic transsphenoid pituitary adenoma resection 
using a nasoseptal “rescue” flap for reconstruc-
tion, reported a 15% incidence of postoperative 
olfactory dysfunction although no formal assess-
ment of olfaction was undertaken [53]. Matano 
et al. proposed the fibrin-gelatin fixation method 
to attempt to avoid the olfactory bulbs peeling 
away from the cribriform plate during an open 
anterior interhemispheric approach with 2 of 45 
cases (4.4%) reporting permament postoperative 
anosmia [54].

35.2.3.2  Inflammation 
and Obstruction

Management of concurrent sinonasal disease and 
good postoperative care will be crucial to 
 ensuring good olfactory outcomes after surgery. 
Preexisting sinonasal disease will be evident 
from the imaging and in cases of skull base 
tumours, may often represent secondary infec-
tion/stagnation of sinuses due to the mass effect 
of the tumour obstructing drainage pathways. 
Whilst postoperative debridement has not been 
shown to achieve more than prevent postopera-
tive adhesions [55], there is a need for higher 
quality studies to underpin this and in the context 
of olfactory function, synechiae that obstruct the 
olfactory clefts may lead to deleterious olfactory 
function in the postoperative period. Saline irri-
gations should be recommended in all patients 
once initial precautions over the repair site have 
waned and in the presence of inflammatory sinus 
disease [56, 57]. Where needed for persistent 
inflammation, intranasal corticosteroids may also 
be required.

35.2.3.3  Evidence for Prognosis 
of Postoperative Olfactory 
Function

Due to limitations in the literature for olfaction 
and CSF leak repair per se, the evidence consid-
ered here includes that for ESBS in general. A 
recent meta-analysis looked specifically at olfac-
tory outcomes following ESBS and found 29 

studies reporting outcomes using one of either 
UPSIT, CCSIT, Smell Diskettes or Sniffin’ 
Sticks [58]. Overall, the analysis did not dem-
onstrate any evidence that olfactory outcomes 
are adversely affected in the long-term, how-
ever there was high heterogeneity within this 
demonstrating significant variation amongst the 
studies analysed. Looking into the details of the 
individual studies assessed, a large series of 535 
patients with a variety of sella/parasellar lesions 
including pituitary adenomas, showed that after 
ESBS there was significant impairment of olfac-
tion on two psychophysical tests as well as on 
visual analogue scores [59]. Whilst the Forest 
plots of the meta-analysis sit in favour of good 
overall long- term olfactory outcomes, there are 
clearly considerations regarding the techniques 
utilized for the ESBS that should prompt skull 
base units to ensure auditing of olfactory out-
comes, especially in relation to the use of naso-
septal flaps, and allow surgeons to counsel their 
patients accordingly [60, 61]. One of the limi-
tations of the meta- analysis was also the small 
sample size of most of the included studies and is 
a limitation with the wider literature available. In 
a series of 27 patients with planum sphenoidale 
meningiomas, 2 reported anosmia at presenta-
tion and remained unchanged after surgery [62]. 
A recent study looking at a cohort of 28 patients 
with anterior midline skull base meningiomas 
found that although 26 of the cohort underwent 
a craniotomy, olfaction was preserved in 87.5%, 
however there was only a 50% return rate on the 
postoperative UPSIT scores [63]. Again, a small 
sample size limits the interpretation of these 
results. In another recent case series of meningio-
mas, the risk of postoperative ipsilateral anosmia 
was significantly increased in olfactory groove 
meningiomas (odds ratio of 11.1) with a recom-
mendation of ipsilateral olfactory testing to help 
guide surgical planning [64]. Surgical compli-
cations predisposed patients to loss of olfaction 
on the opposite or both sides. Older patients and 
those where the meningioma produces a midline 
shift preoperatively were more likely to have pre-
existing olfactory dysfunction prior to any surgi-
cal intervention.
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CSF Rhinorrhea and Infection

Oweida F. Aldosary, M. Rizwan Sohail, 
and Imad M. Tleyjeh

36.1  Introduction

Cerebrospinal fluid (CSF) rhinorrhea is a symp-
tom caused by the leakage of CSF into the nasal 
sinus, resulting from a defect in the skull base 
[1].

Since its first description by Galen in 200 BC 
[2] and Bidloo the elder in the seventeenth cen-
tury [3], CSF rhinorrhea has been a well-known 
entity, occurring spontaneously [4–6] or resulting 
from congenital malformations, postinfectious 
hydrocephalus, and skull base erosion from intra-
cranial tumors [7–10].

CSF rhinorrhea is a major complication fol-
lowing traumatic head injuries associated with 
basilar skull fractures and skull base surgeries 
with an estimated incidence of 10–30% and 
2–64% from nonpenetrating head trauma [11, 12] 
and after endonasal skull base surgery [13–20], 
respectively, despite recent advances in skull 
base surgery and the introduction of functional 
endoscopic sinus surgery (FESS) [1].

CSF leakage has been associated with serious, 
and potentially fatal, infectious sequelae such as 
meningitis, ventriculitis, and intracranial abscess 
formation. These complications may increase the 
duration of hospital stay, readmission rate, and 
mortality risk [21]. The risk of intracranial infec-
tion developing in the setting of CSF leakage, 
regardless of the etiology, is very concerning and 
has drawn the attention of surgeons for many 
years [22].

Majority of post-traumatic CSF leaks resolve 
spontaneously within 24–48  h after their onset 
without complications [23, 24]. However, some 
persist and may lead to an increased risk of life- 
threatening intracranial infections particularly 
meningitis (7–30%) [12, 25–27].

Surprisingly, the presentation and risk of men-
ingitis after posttraumatic CSF leakage could be 
delayed for years and develop after a minor 
trauma while the leak might not be apparent or 
may be occurring intermittently [28–34].
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36.2  Pathophysiology

CSF is a physiologic fluid that is a major compo-
nent of the central nervous system (CNS) and 
serves as a shock absorber to protect the brain, 
cerebellum, and meninx. It also helps to maintain 
the intracranial pressure (ICP). Approximately, 
70% CSF is produced at the choroid plexus 
located at the lateral, third, and fourth ventricles. 
Another 18% is produced by capillary ultrafil-
trate, whereas 12% is produced by the metabo-
lism of water. An average volume of 140  mL 
(range 90–150 mL) actively circulates and turns 
over daily [35–37].

The blood–brain barrier separates the CNS, 
including the CSF, from the circulation and is an 
important defense mechanism against bacteria 
invading the CNS. It also maintains a stable envi-
ronment inside the nervous system and potenti-
ates molecular transport between blood and 
brain.

Disruption of this barrier can occur following 
trauma, surgery, congenital defects, or ear and 
sinus infections [23, 25]. Clinically such disrup-
tion manifests as CSF rhinorrhea which occurs as 
a result of an abnormal communication between 
the subarachnoid space and a pneumatized area 
in the skull base that includes the sinonasal tract. 
This communication or fistula must involve a 
breach of the arachnoid and dura matter, the bone 
of skull base, and the underlying mucosa [38]. 
CSF fluid fistulas occurring from various causes 
can render the individual vulnerable to invasion 
of the intradural space by microorganisms inhab-
iting the nasopharyngeal spaces especially when 
they persist [23].

36.3  Risk Factors

Studies evaluating risk factors implicated in the 
development of infectious complications in vari-
ous etiologic causes of CSF leaks particularly in 
traumatic and nontraumatic head injuries are lim-
ited. Nonetheless, there are few studies in the lit-
erature which assessed some risk factors after 
certain kinds of otorhinologic procedures and 
trauma.

36.3.1  CSF Leakage

The mere presence of CSF leakage is known to 
carry a high risk of developing CNS infections 
[24, 39–42]. It is also a potential risk factor for 
once or recurrent bacterial meningitis in both 
community-acquired and nosocomial settings 
[43–46]. Despite lower estimated incidence of 
meningitis (1.8%) in a large study by Kono et al. 
[47], there was a significant association between 
the development of meningitis in patients who 
experienced postoperative CSF leak (9.3%).

36.3.2  Duration of the CSF Leakage

Risk of meningitis increases with the duration of 
CSF leakage [23]. Recent data suggest that risk is 
greatest during the first week (9.1%) after the 
head trauma and may continue to increase at 
around 8% per month for the first 6 months and 
about 8–9.8% per year thereafter [48, 49]. 
However, this is contrary to an old study showing 
an increased risk of about 11% within the first 
week and 88% risk when CSF rhinorrhea per-
sisted longer than 7 days [33]. Besides the high 
chance of recurrence, there can be several years 
of delay between trauma and development of 
bacterial meningitis [39, 50, 51].

36.3.3  Gender, Type of Surgery, 
Complex Tumors, Presence 
of an External Ventricular 
Drain or Shunt

In the study by Kono et al. [47], male sex, history 
of surgery (craniotomy or endonasal surgery), 
long duration of surgery (×4 h), procedures with 
a higher level of complexity (level IV or V), lum-
bar drain placement immediately after surgery, 
the presence of an external ventricular device 
(EVD) or ventriculoperitoneal (VP) shunt at the 
time of surgery, and their placement after surgery 
were risk factors for infection in the univariable 
analysis and in the multivariable analysis [47]. 
On the contrary, in one analysis, the routine inser-
tion of an external lumbar drain (ELD) in patients 
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in whom intraoperative CSF leakage was 
observed led to significantly reduced incidence 
of postoperative meningitis [52].

36.3.4  Lumbar Drain Duration

A recent study by Ivan et al. [16] found a statisti-
cally significant difference in the duration of 
lumbar drain present in patients who developed 
meningitis associated with a postoperative CSF 
leak compared to those who did not develop 
infection (8.0  days versus 5.7  days, p  =  0.04). 
However, the authors concluded that the increased 
risk of infection can be either associated with the 
lumbar drain itself or perhaps the increased expo-
sure of CSF leakage postoperatively [16].

36.3.5  Reoperation

In a large 5-year retrospective review of the 916 
patients undergoing transsphenoidal surgery, an 
increased incidence of CSF leak and meningitis 
was observed in patients who had repeat surgery. 
The authors postulated that this increased risk 
likely reflects increasing difficulty in obtaining a 
successful resection while preserving the dia-
phragm sellae, which separates CSF from the 
resection cavity throughout the immediate post-
operative period [53].

36.3.6  Increased BMI

Obesity has been implicated as a major contribu-
tor of morbidity and mortality in various medical 
and surgical conditions. Spontaneous and iatro-
genic CSF leaks are no exceptions. Although 
many studies have clearly shown that increasing 
BMI (≥30) is associated with an increased risk of 
CSF leakage [16, 54, 55], a multivariate analysis 
in one study found an increased BMI to be inde-
pendently associated with both CSF leak and 
postoperative meningitis [16].

36.3.7  Pneumocephalus 
and Diaphragmatic Defects

Pneumocephalus after endoscopic endonasal 
transsphenoidal surgery is not uncommon find-
ing, and its presence indicates there are clear 
links between the cranial cavity and the external 
environment, as do the postoperative CSF leaks. 
Pneumocephalus (maximum bubble diameter of 
≥1 cm) and diaphragmatic defects (an intraoper-
ative CSF leak, Kelly grade ≥1) are risk factors 
for a postoperative intracranial infection [41].

36.4  Epidemiology and Incidence 
of Infection in CSF 
Rhinorrhea

Since Cairns, a British neurosurgeon, first pro-
posed it in 1937, many classifications of CSF rhi-
norrhea have been published and are based on the 
timing and the etiologic causes [56–58]. However, 
the current classification of CSF rhinorrhea has 
the same scheme [59] without assessing the risk 
for infection due to the different causes of CSF 
rhinorrhea. Identifying the types of skull frac-
tures that would suggest an increased risk for per-
sistent CSF leaks and/or meningitis and those 
refractory to conservative management is crucial 
in determining appropriate management [59].

36.4.1  Incidence of Infection 
in Spontaneous CSF 
Rhinorrhea

Several studies have evaluated the incidence and 
risk for developing bacterial meningitis follow-
ing spontaneous CSF leaks. Daudia et al. found 
an overall risk of 10%. Regardless of spontane-
ous resolution of CSF rhinorrhea, the risk of 
meningitis remains, and most commonly occurs 
within the first year of the CSF leak [60]. Eljamel 
et  al. [61] found that the risk of meningitis in 
nontraumatic CSF leakage was 26% prior to 
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attempted repair. Other studies suggested that 
regardless of the location, spontaneous CSF fistu-
las increase the risk for meningitis, though 
encephalitis and parenchymal abscess were 
reported with much lesser frequency [62–64].

36.4.2  Incidence and Type 
of Infection in Posttraumatic 
CSF Rhinorrhea

36.4.2.1  Accidental Trauma

Meningitis
Previous studies have reported a high overall 
risk of meningitis in patients with CSF rhinor-
rhea occurring after accidental trauma and in 
patients whose CSF leak does not close sponta-
neously. In 1966 Mincy et al. [33] published a 
series of 54 patients with posttraumatic CSF rhi-
norrhea and found an 11% risk of meningitis 
among patients in whom CSF leak stopped 
spontaneously in 7  days, compared with 88% 
among patients in whom drainage lasted longer 
than 7  days [65]. Similarly, Eljamel and Foy 
[48] in their study reported an overall 30.6% 
risk of meningitis before surgical repair and a 
risk of 1.3% per day in the first 2 weeks after 
injury, 7.4% per week in the first month after 
injury, and a cumulative risk of 85% at the 
10-year follow-up. More recently, Daudia et al. 
reported an overall risk of meningitis of 32% in 
the same category of patients, regardless of 
spontaneous resolution of CSF rhinorrhea and 
observed that the risk of meningitis remains and 
most commonly occurs within the first year of 
the CSF leak [60]. Furthermore, Horst showed 
in her study an increased incidence of commu-
nity-acquired meningitis of 37% that was due to 
a previously identified CSF leak [66].

Recurrent Meningitis
Recurrent meningitis is defined as two separate 
episodes of meningitis that are separated by a 
period of convalescence and full recovery [23]. 
This definition seems to be widely accepted. The 
persistence of CSF fistulae in patients with head 

trauma is the commonest cause of recurrent men-
ingitis in adults [67]. The risk of recurrent menin-
gitis after posttraumatic CSF leakage has been 
reported to range from 12.5% to 50%, with a 
29.4% neurological complication rate [68, 69]. In 
a recent retrospective study, the rate of recurrent 
meningitis was found to be high (8.5%) in 
patients with previous head trauma, although 
there was no clear documentation of CSF rhinor-
rhea [70]. Horst showed in her study an incidence 
of recurrent community-acquired meningitis of 
(53%) and observed that recurrence occurred 
despite previous surgery aimed at closing the 
leak [66].

Finally, a nationwide observational cohort 
study in the Netherlands estimated incidence of 
meningitis of 53% and 32% among patients with 
community acquired pneumonia who have 
remote head injury and CSF leakage, 
respectively.

Penetrating Injury
CSF leakage is a common complication of pene-
trating head injuries. Aarabi [71] and Meirowsky 
et al. [72] reported that at the time of penetrating 
injury, CSF leakage occurred at a frequency of 
8.7% and 8.9%, respectively, and infectious com-
plication happened at an increased rate of 36% 
and 49.5%, respectively.

Iatrogenic Trauma
There have been several advances in image- 
guided technology, surgical instrumentation, and 
skull base reconstructive techniques over the past 
decade, and endoscopic endonasal skull base sur-
gery has emerged as an alternative approach for 
the treatment of many skull base lesions [15]. 
However, iatrogenic CSF rhinorrhea remains a 
potential complication with significant morbidity 
and mortality regardless of the type of the surgery 
[73].

The rate of postoperative intracranial infection 
is variable and reported incidence of CSF rhinor-
rhea and intracranial infection rates range from 
0% to 36.5% [16, 47, 52, 60, 74–80] (see 
Table  36.1). Development of intracranial infec-
tion in this setting can be fatal [81].
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Table 36.1 Summary of studies reporting percentages of 
CNS infections in patients with CSF leakage

Study

Risk of CNS infection 
in patient with leakage 
(%)

Ivan [16] 2015 10
Kono [47] 2014 9.3
Kryzanski [80] 2008 2
Daudia [60] 2007 22
Dumont [74] 2005 1.5
Bernal-Sprekelsen  [79] 2005 36.5
van Aken [75] 1997 3.1
Black [76] 1987 0.4
Kennedy [78] 1984 1.75
Ciric [77] 1983 0.8

36.4.2.2  Types of Surgery

Endonasal Transsphenoidal Surgery
According to one estimate, the incidence of men-
ingitis was 36.5% in patients with CSF leak or 
skull base defect of various origins [79]. In 
another retrospective analysis of 149 patients 
who underwent endoscopic CSF rhinorrhea 
repair, three patients developed frontal brain 
abscesses giving an incidence of 2.0%. Most 
abscesses formed within 10  days after surgery 
[82].

Endonasal Transsphenoidal Surgery vs 
Sublabial Transsphenoidal Surgery
Meningitis occurs in 3% or less of patients 
undergoing transsphenoidal surgery [83, 84]. 
In a meta-analysis of studies comparing endo-
scopic versus sublabial pituitary surgery, the 
authors found that the incidences of meningitis 
in both approaches remained the same (1% vs 
1%), despite that the proportion of patients 
who had a CSF leak was significantly lower in 
those who had endoscopic surgery (5% vs 7%) 
[13].

Endoscopic Endonasal (EE) Versus 
Microscopic Transsphenoidal (MT) Versus 
Open Transcranial (OT) Resection 
of Craniopharyngiomas
In a systemic review, CSF leak and meningitis 
were among the postoperative complications in 

all the three approaches for resection of cranio-
pharyngiomas with incidences of 2.6% and 2.3% 
in the OT cohort, 9.0% and 1.8% in the TM 
cohort, and 18.4% and 5.1% in the EE cohort, 
respectively [85].

36.5  Microbiology

Bacterial meningitis in patients with CSF leakage 
can be classified as community-acquired, in case 
of anatomic defects or contiguous spread of 
infection, or nosocomial or healthcare-associated 
meningitis, after surgery or trauma [16, 86–89].

36.5.1  Community-Acquired 
Pathogens

Organisms associated with single or recurrent 
community-acquired meningitis secondary to 
CSF leaks are those commonly found in the 
upper respiratory tract. Most cases are caused by 
S. pneumoniae followed by H. influenzae, 
Neisseria meningitidis, and S. aureus [44, 48, 66, 
90, 91]. It is reported that Streptococcus pneu-
moniae accounts for 80% of CNS infections 
associated with bony anatomical defects in the 
skull [67]. Previous studies have also suggested 
to consider a disruption of the blood–brain bar-
rier when S. pneumoniae is cultured from CSF 
[25, 44].

36.5.2  Nosocomial-Acquired 
Pathogens

Specific bacterial pathogens causing meningitis 
in nosocomial setting may vary according to the 
timing and pathogenesis of the infection and the 
mechanism of head injury [39, 92–97]. The 
majority of bacterial meningitis cases that occur 
after skull base fracture or early after otorhino-
logic surgery are caused by organisms that 
 colonize the nasopharynx (especially S. pneu-
moniae) while Staphylococcal species and facul-
tative and/or aerobic gram-negative bacilli are 
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Table 36.2 Cerebrospinal fluid culture results according to underlying conditions in adults with nosocomial bacterial 
meningitis

Cerebrospinal fluid 
culture results

All episodes 
(N = 50)

History of 
neurosurgery (N = 32)

Distant focus of 
infection (N = 9)

Immunocompromised statea 
(N = 14)

Streptococcus 
pneumoniae

13 (26) 4 (13) 6 (67) 4 (29)

Staphylococcus aureus 12 (24) 10 (31) 2 (22) 2 (14)
Haemophilus influenzae 4 (8) 3 (9) 1 (11) 1 (7)
Staphylococcus 
epidermidis

3 (6) 2 (6) 0 0

Escherichia coli 3 (6) 2 (6) 0 0
Klebsiella pneumoniae 2 (4) 2 (6) 0 1 (7)
Pseudomonas 
aeruginosa

2 (4) 2 (6) 0 2 (14)

Other bacterial 
pathogensb

11 (22) 7 (22) 0 4 (29)

Data are number (%). Numbers do not add up to a total of 50 episodes due to the presence of multiple comorbid condi-
tions in several patients
Reproduced with permission from: Weisfelt M, van de Beek D, Spanjaard L, de Gans J. Nosocomial bacterial meningi-
tis in adults: a prospective series of 50 cases. J Hosp Infect. 2007 May;66(1):71–8
a Defined as the use of immunosuppressive drugs, a history of splenectomy, the presence of diabetes mellitus, alcohol-
ism, or infection with the human immunodeficiency virus
b α-Hemolytic streptococci in four; group B streptococcus, Neisseria meningitidis, “streptococcus,” Listeria monocyto-
genes, Bacillus species, Enterococcus faecalis, and “not viable” each in one

among the common bacterial pathogens causing 
nosocomial meningitis in patients who undergo 
neurosurgical procedures or have prolonged hos-
pital stay following penetrating head trauma or 
fractures involving the skull base [87].

M. Weisfelt et al., in their prospective series of 
50 patients with nosocomial meningitis follow-
ing neurosurgery, CSF leakage, or recent head 
trauma, reported the following distribution of 
causative organisms: S. aureus in 11 of 40 epi-
sodes (28%), S. pneumoniae in nine episodes 
(23%), H. influenzae in four episodes (10%), S. 
epidermidis in three episodes (8%), and other 
bacterial pathogens in 13 episodes (33%) [96] 
(see Table 36.2).

36.6  Diagnosis of CNS Infections 
in Patient with CSF Leakage

CNS infections following CSF leakage, includ-
ing meningitis, encephalitis, and brain abscess, 
are rare but time-sensitive diagnoses. These 
infections can develop in both community- 
acquired and nosocomial settings [43, 44].

The diagnosis of CNS infections requires vig-
ilance and a high index of suspicion based on the 
history and physical examination which must be 
confirmed with appropriate imaging and labora-
tory evaluation [98].

The acuteness, type, and severity of the iatro-
genic or noniatrogenic trauma-associated CSF 
rhinorrhea is an essential element to assess when 
patient is presenting with an intracranial infec-
tious complication.

36.6.1  Clinical Presentation

Before the infection ensues and depending on the 
acuteness and etiology of the event leading to the 
CSF leakage and the mental status of the patients, 
the symptoms may vary. In majority of patients, 
the only presenting symptom may be salty or 
even sweet taste in the retropharyngeal space [65, 
99]. However, CSF rhinorrhea might be unno-
ticeable in some patients. Patients may present 
with other symptoms suggestive of acute cranio-
facial trauma including epistaxis, nasal discharge, 
anosmia, peri-orbital ecchymosis, chemosis, ocu-
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lomotor impairment, open-head injury or sur-
gery, loss of vision, cranial nerve or motor 
deficits. However, in the chronic phase, patients 
may present with intermittent nasal discharge, 
headaches, salty or sweet taste in the retropha-
ryngeal space [59].

When CNS infection occurs, it can manifest 
with a host of nonspecific signs and symptoms, 
including headache, fever, altered mental status, 
and behavioral changes [98]. The classic triad of 
fever, neck stiffness, and altered mental status 
may occur in only a third (32%) of the patients, 
and the duration of symptoms may be shorter 
than 24  h in patient with CSF leakage compli-
cated by community-acquired meningitis [66].

While patients are being hospitalized for 
recent trauma or in the setting of neurosurgical 
procedures, the development of new headache, 
fever, evidence of meningeal irritation, seizures, 
and/or worsening mental status may suggest nos-
ocomial meningitis [100].

Immunologically competent individuals pre-
senting with recurrent meningitis should prompt 
further assessment to rule out the presence of 
CSF fistula [51] owing to their close association 
[69].

Development of a single episode or recurrent 
episodes of meningitis associated with CSF leak-
age in patients with remote history of accidental 
head trauma, basilar skull fractures, and or sur-
gery has been reported in the literatures occur-
ring few months to several years after injury [69, 
101–104].

36.6.2  Physical Examination

CSF rhinorrhea is usually detected by nasal 
endoscopy and/or endonasal examination [1]. 
β2-Transferrin provides an accurate, noninvasive 
method to establish the diagnosis of an active 
CSF leak with great sensitivity and specificity but 
does not provide information on the location of 
the leak [105].

Classically, Battle’s sign (ecchymosis over the 
mastoid process) and periorbital ecchymosis 
have been associated with skull base fractures. 

Battle's sign and unilateral blepharohematoma 
have positive predictive values (PPVs) for skull 
base fractures of 100% and 90%, respectively 
[106].

Classic physical examination maneuvers in 
patient with meningitis, such as Kernig’s and 
Brudzinski’s signs, are relatively insensitive 
although specific for predicting CNS infection.

Patients with parenchymal involvement, as 
occurs with encephalitis and brain abscess, may 
also have focal neurologic deficits or seizures 
[98].

36.6.3  Laboratory

36.6.3.1  Routine Laboratory
Initial laboratory workup should include com-
plete blood counts, coagulation profile, and renal 
function tests to exclude contraindication to lum-
bar puncture and to help with antimicrobial dos-
ing. Blood culture should also be obtained prior 
to antibiotic administration.

36.6.3.2  Lumbar Puncture and CSF 
Analysis

If no contradictions, lumbar puncture should be 
performed in all cases of suspected intracranial 
infections [86]. CSF should be submitted for bat-
tery of tests including CSF leukocyte count with 
differential, glucose and protein concentration, 
bacterial cultures, and other special tests. 
Occasionally, CSF analysis can appear benign 
early in the course of meningitis and encephalitis, 
and the clinicians should not be falsely reassured 
if  clinical suspicion is strong [98]. Repeat testing 
24–48 h later may be necessary in these cases if 
symptoms persist or worsen.

36.6.3.3  Specific CSF Diagnostic Tests

CSF Color
The CSF fluid may appear cloudy; however, this 
color change depends largely on the degree and 
the concentrations of white blood cells (WBCs), 
red blood cells (RBCs), bacteria, and/or protein 
levels in the CSF sample [88].
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WBC Count
Elevated CSF WBC count in untreated bacterial 
meningitis is usually seen in the range of 1000–
5000 cells/mm3. However, WBC counts of <100 
or >110,000  cells/mm3 can also be seen. CSF 
neutrophils are typically observed between 80% 
and 95% in most of the bacterial meningitis 
cases; however, in 10% of patients presenting 
with acute bacterial meningitis, a lymphocyte 
rather than neutrophile predominance (defined as 
>50% of lymphocytes or monocytes) might occur 
[88].

CSF Glucose Concentration
Hypoglycorrhachia defined as CSF glucose con-
centration below 40 mg/dL is seen in the setting 
of untreated bacterial meningitis in approxi-
mately half to two-third of patients [88].

CSF Protein Concentration
Most patients with bacterial meningitis have 
some degree of elevated CSF protein levels [88].

CSF Cultures
While 70-85% of CSF cultures in patients who 
have not yet received any empirical antibiotics 
can turn positive, however, results may take up to 
48 h for microorganism identification and subse-
quent susceptibility testing. Therefore, utilization 
of other nonculture rapid diagnostic tests is 
encouraged to help with the identification of the 
culprit bacterial pathogen (see below) [88].

36.6.3.4  Gram Stain
Routine Gram staining of CSF sample is inex-
pensive, and rapid test that shows an accuracy of 
60–90% and specificity of more than 97% in 
identifying the causative bacterial pathogen in 
patients with suspected bacterial meningitis; 
therefore, it is strongly recommended in all 
patients with suspected bacterial meningitis 
[107]. While, the use of cytospin techniques can 
increase the probability of microscopic detection 
of bacteria on a Gram stain up to 100-fold [108]; 
however, prior antimicrobial therapy may lower 
the yield of CSF Gram stain by around 20%. 
Factors contributing to false-positive CSF Gram 
stain results include observer misinterpretation, 

reagent contamination, or contamination of the 
needle during lumbar puncture by the skin flora 
[109, 110].

Latex Agglutination
Latex agglutination test is simple and rapid with 
short turnaround time (results are usually avail-
able in less than 15 min). It has shown good sen-
sitivity in detecting antigens of common bacterial 
pathogens causing meningitis [111]. However, it 
is important to know that a negative latex agglu-
tination test does not necessarily rule out bacte-
rial meningitis. The test may be most useful for 
the patient who receive antimicrobial therapy 
prior to lumbar puncture and whose Gram stain 
and CSF culture results are negative.

PCR
Although, several broad-range PCR kits have a 
great sensitivity (100%) and specificity (98.2%) 
with a positive predictive value reaching up to 
98.2% and an excellent negative predictive value 
of 100% [112]; however, these tests are not read-
ily available in all hospitals. This technique may 
be useful to rule out the diagnosis of bacterial 
meningitis, subsequently aiding to stop the 
empiric antimicrobial therapy.

36.6.4  Imaging Studies

Modern cranial imaging techniques such as CT 
scan and MRI 3D-CISS can effectively be used to 
localize the anatomical location of the CSF leak-
age [113, 114]. Advances in CT and MR imaging 
techniques have improved sensitivity, which 
amounted to 88.25% [115] and 93% [116] for 
high-resolution CT and for MR cisternography to 
89% [116, 117], 93.6% [118], and 100% [119, 
120] even in patients with inactive leaks.

Neuroimaging is also useful in revealing 
expanding masses (i.e., brain abscess, subdural 
empyema, or hydrocephalus) and midline shift, 
which should be identified before lumbar punc-
ture [87]. CNS imaging is also recommended in 
specific group of patients owing to their high risk 
of brain herniation after lumbar puncture (see 
Table 36.3) [88].
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Table 36.3 Recommended criteria for doing CT scan brain before lumbar puncture for adults with suspected bacterial 
meningitis

Criterion Comment
   • Immunocompromised state    •  HIV infection or AIDS, receiving immunosuppressive therapy, or 

after transplantation
   • History of CNS disease    •  Mass lesion, stroke, or focal infection
   • New onset seizure    •  Within 1 week of presentation; some authorities would not 

perform a lumbar puncture on patients with prolonged seizures or 
would delay lumbar puncture for 30 min in patients with short, 
convulsive seizures

   • Papilledema    •  Presence of venous pulsations suggests absence of increased 
intracranial pressure

   • Focal neurologic deficit    •  Including dilated nonreactive pupil, abnormalities of ocular 
motility, abnormal visual fields, gaze palsy, arm or leg drift

   • Abnormal level of consciousness    •  Unable to assess focal neurological deficits on physical 
examination in patients with altered level of consciousness

Reproduced with permission from: Tunkel AR, Hartman BJ, Kaplan SL, Kaufman BA, Roos KL, Scheld WM, Whitley 
RJ. Practice guidelines for the management of bacterial meningitis. Clin Infect Dis. 2004 Nov 1;39(9):1267–84, page 
1271

Table 36.4 Empirical therapy in adults with community- 
acquired bacterial meningitis

Predisposing 
factor

Common bacterial 
pathogen

Antimicrobial 
regimen

Age 
16–50 years

Neisseria 
meningitidis, 
Streptococcus 
pneumoniae

Vancomycin plus 
either cefotaxime 
or ceftriaxone

Age >50 
years

S. pneumoniae, N. 
meningitidis, 
Listeria 
monocytogenes, 
aerobic gram- 
negative bacilli

Vancomycin plus 
either cefotaxime 
or ceftriaxone 
plus ampicillin

Presence of a 
risk factora

S, pneumoniae. L. 
monocytogenes. 
Haemophilus 
influenzae

Reproduced with permission from: Diederik van de Beek, 
Jan de Gans, Allan R.  Tunkel, et  al. N Engl J Med 
2006;354:44–53
a Risk factors include alcoholism and altered immune 
status

36.7  Medical Management of CNS 
Infections

Early detection of CSF leaks is of utmost impor-
tance as it determines the outcome of the patient. 
The decision of whether to observe or to surgi-
cally intervene is mainly based on the cause, site 
of leak, and timing of the leak.

The traditional treatment of postoperative or 
posttraumatic CNS infections associated with 
CSF leakage involves immediate administration 
of intravenous antibiotic therapy as well as pri-
mary closure or repair of dural defect if the defi-
nite injury is suspected.

36.7.1  Community-Acquired 
Meningitis

Treatment of patients with suspected bacterial 
CNS infection (e.g., meningitis) with antimicro-
bial therapy generally requires careful assess-
ment of the patient age, immune status, clinical 
setting, the most common bacteria causing the 
disease and on patterns of antimicrobial suscepti-
bility [88, 121].

Empiric therapy using agents with adequate 
CSF concentrations is recommended when 
microbiological data are still insufficient based 

on the patient risk factors (see Table 36.4). With 
the worldwide increase in the prevalence of 
penicillin- resistant pneumococci, combination 
therapy with intravenous vancomycin plus a 
third-generation cephalosporin (either ceftriax-
one or cefotaxime) has become the standard 
approach to empirical antimicrobial therapy 
[122, 123].
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Table 36.5 Preemptive antimicrobial therapy in adults with presumptive pathogen identification by positive Gram 
stain

Microorganism Recommended therapy Alternative therapies
Streptococcus 
pneumoniae

Vancomycin plus ceftriaxone 
or cefotaximea

Meropenem, gatifloxacin, or moxifloxacin.

Neisseria 
meningitidis

Ceftriaxone or cefotaxime Penicillin G, ampicillin, chloramphenicol, gatifloxacin, or 
moxifloxacin, aztreonam

Listeria 
monocytogenes

Ampicillinb or penicillin Gb Trimethoprim-sulfamethoxazole, meropenem

Streptococcus 
agalactiae

Ampicillinb or penicillin Gb Ceftriaxone or cefotaxime

Haemophilus 
influenza

Ceftriaxone or cefotaxime Chloramphenicol, cefepime, meropenem, gatifloxacin, or 
moxifloxacin

Escherichia coli Ceftriaxone or cefotaxime Cefepime, meropenem, aztreonam, gatifloxacin or 
moxifloxacin, trimethoprim-sulfamethoxazole

Reproduced with permission from: Tunkel AR, Hartman BJ, Kaplan SL, Kaufman BA, Roos KL, Scheld WM, Whitley 
RJ. Practice guidelines for the management of bacterial meningitis. Clin Infect Dis. 2004 Nov 1;39(9):1267–84, page 
1274
a Some experts would add rifampin if dexamethasone is also given
b Addition of an aminoglycoside should be considered

Recommended preemptive and definitive ther-
apies according to the partial or complete avail-
ability of the culture result are summarized in 
(Tables 36.5 and 36.6, respectively).

36.7.1.1  Duration of Therapy
In patients with bacterial meningitis, the duration 
of antibiotic therapy should be individualized and 
guided by the clinical response. Surprisingly, 
evidence-based data on the exact duration of 
therapy has been lacking, and most of the recom-
mendations have often been based more on tradi-
tion [124, 125]. Recommended duration of 
therapy is shown in Table 36.7.

36.7.1.2  Adjunctive Dexamethasone 
Therapy

Experimental studies in animal models of 
infection have shown that the subarachnoid 
space inflammation during bacterial meningitis 
has a major impact on morbidity and mortality 
[107]. Controlling this inflammation with ste-
roids may be of benefit in decreasing many of 
the pathophysiologic sequelae of the menin-
geal bacterial infection, such as cerebral 

edema, elevated intracranial pressure, dis-
rupted cerebral blood flow, cerebral vasculitis, 
and neuronal injury, as mediated by proinflam-
matory cytokine release and expression 
[126–128].

Adjunctive treatment with dexamethasone 
before or with the first dose of antimicrobial in 
adult patients with suspected bacterial meningitis 
especially in the presence of cloudy CSF, positive 
CSF Gram stain, or a CSF WBC count of more 
than 1000 cells per cubic millimeter has been 
reported in several studies to have a significant 
reduction in mortality and neurologic sequelae 
[129–132].

The benefit was greatest in patients with inter-
mediate disease severity, as defined by a score on 
the Glasgow Coma Scale (GCS) of 8–11 on 
admission, and in those with pneumococcal men-
ingitis, in whom unfavorable outcomes and mor-
tality declined from 52% to 26% and from 34% 
to 14%, respectively. This beneficial effect was a 
result of reduced mortality from systemic causes. 
Moreover, the benefits of dexamethasone use 
were not offset by any concerning side effects of 
dexamethasone therapy.
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Table 36.6 Definitive antimicrobial therapy for adults with bacterial meningitis based on isolated pathogen and sus-
ceptibility testing

Microorganism Standard therapy Alternative therapies
Streptococcus pneumoniae
   • Penicillin MIC <0.1 μg/mL    •  Penicillin G or 

ampicillin
   •  Ceftriaxone or cefotaxime, 

chloramphenicol
   •  Penicillin MIC 0.1–1.0 μg/mL    •  Ceftriaxone or 

cefotaxime
   • Cefepime, meropenem

   •  Penicillin MIC ≥2.0 μg/mL    •  Vancomycin plus 
ceftriaxone or 
cefotaximea

   • Gatifloxacin or moxifloxacin

   •  Cefotaxime or ceftriaxone 
MIC ≥1.0 μg/mL

   •  Vancomycin plus 
ceftriaxone or 
cefotaxime

   • Gatifloxacin or moxifloxacin

Neisseria meningitidis
   •  Penicillin MIC <0.1 μg/mL    •  Penicillin G or 

ampicillin
   •  Ceftriaxone or cefotaxime, 

chloramphenicol
   •  Penicillin MIC 0.1–1.0 μg/mL    •  Ceftriaxone or 

cefotaxime
   •  Chloramphenicol, fluoroquinolone, 

meropenem
Listeria monocytogenes    •  Ampicillin or 

penicillin Gb

   •  Trimethoprim-sulfamethoxazole, 
meropenem

Streptococcus agalactiae    •  Ampicillin or 
penicillin Gb

   • Ceftriaxone or cefotaxime

Escherichia coli and other 
Enterobacteriaceaec

   •  Ceftriaxone or 
cefotaxime

   •  Aztreonam, gatifloxacin or moxifloxacin, 
meropenem, trimethoprim- 
sulfamethoxazole, ampicillin

Pseudomonas aeruginosac    •  Cefepimeb or 
ceftazidimeb

   • Aztreonam,b ciprofloxacin,b meropenemb

Haemophilus influenzae
   •  β-Lactamase negative    • Ampicillin    •  Ceftriaxone or cefotaxime, cefepime, 

chloramphenicol, gatifloxacin, or 
moxifloxacin

   •  β-Lactamase positive    •  Ceftriaxone or 
cefotaxime

   •  Cefepime, chloramphenicol, gatifloxacin, 
or moxifloxacin

Staphylococcus aureus
   •  Methicillin susceptible    • Nafcillin or oxacillin    • Vancomycin, meropenem
   •  Methicillin resistant    • Vancomycind    • Trimethoprim-sulfamethoxazole, linezolid
Staphylococcus epidermidis    • Vancomycind    • Linezolid
Enterococcus species
   •  Ampicillin susceptible    •  Ampicillin plus 

gentamicin
   • …

   •  Ampicillin resistant    •  Vancomycin plus 
gentamicin

   • …

   •  Ampicillin and vancomycin 
resistant

   • Linezolid    • …

Reproduced with permission from: Tunkel AR, Hartman BJ, Kaplan SL, Kaufman BA, Roos KL, Scheld WM, Whitley 
RJ. Practice guidelines for the management of bacterial meningitis. Clin Infect Dis. 2004 Nov 1;39(9):1267–84, page 
1276
a Consider addition of rifampin if the MIC of ceftriaxone is >2 μg/mL
b Addition of an aminoglycoside should be considered
c Choice of a specific antimicrobial agent must be guided by in vitro susceptibility test results
d Consider addition of rifampin
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Table 36.7 Duration of antimicrobial therapy for bacte-
rial meningitis based on isolated pathogen

Microorganism
Duration of therapy in 
days

Neisseria meningitidis 7
Haemophilus influenzae 7
Streptococcus pneumoniae 10–14
Streptococcus agalactiae 14–21
Aerobic gram-negative 
bacillia

21

Listeria monocytogenes ≥21

Reproduced with permission from: Tunkel AR, Hartman 
BJ, Kaplan SL, Kaufman BA, Roos KL, Scheld WM, 
Whitley RJ.  Practice guidelines for the management of 
bacterial meningitis. Clin Infect Dis. 2004 Nov 
1;39(9):1267–84, page 1281
a Duration in the neonate is 2 weeks beyond the first sterile 
CSF culture or ≥3 weeks, whichever is longer

Table 36.8 Selection criteria for outpatient antimicro-
bial therapy in patients diagnosed with bacterial 
meningitis

• Inpatient antimicrobial therapy for ≥6 days
•  Absence of fever for at least 24–48 h prior to 

initiation of outpatient therapy
•  No significant neurologic dysfunction, focal 

findings, or seizure activity
• Clinical stability or improving condition
• Ability to take fluids by mouth
•  Access to home health nursing for antimicrobial 

administration
•  Reliable intravenous line and infusion device (if 

needed)
• Availability of a physician, as needed
•  Established plan for physician visits, nurse visits, 

laboratory monitoring, and emergencies
•  Patient and/or family compliance with the program
•  Safe environment with access to a telephone, 

utilities, food, and refrigerator

Reproduced with permission from: Tunkel AR, Hartman 
BJ, Kaplan SL, Kaufman BA, Roos KL, Scheld WM, 
Whitley RJ.  Practice guidelines for the management of 
bacterial meningitis. Clin Infect Dis. 2004 Nov 
1;39(9):1267–84, page 1281

In the subgroup of patients with meningococ-
cal meningitis, mortality (relative risk, 0.9; 95% 
confidence interval, 0.3–2.1) and neurologic 
sequelae (relative risk, 0.5; 95% confidence inter-
val, 0.1–1.7) were both reduced; however, the 
result did not reach statistical significance.

36.7.1.3  Outpatient Antimicrobial 
Therapy in Patients 
with Bacterial Meningitis

Intravenous antimicrobial therapy is often given 
to patients with bacterial meningitis during their 
hospitalization for the duration of treatment. 
Outpatient antimicrobial therapy can be given 
and may be appropriate in selected patients. This 
strategy may contribute to reduce the costs of 
hospitalization, minimize the occurrence of nos-
ocomial infections, and improve the quality of 
life [133, 134]. The potential risk of serious com-
plications in patients with bacterial meningitis 
usually happen within the first 2–3 days and are 
exceedingly rare after 3 or 4 days of appropriate 
antimicrobial therapy. Therefore, it is essential to 
carefully select and closely follow-up patients 
eligible for outpatient antimicrobial therapy.

Recommended criteria for patients with bacte-
rial meningitis who are eligible and can receive 
outpatient antimicrobial therapy are shown in 
Table 36.8.

36.7.2  Nosocomial Meningitis

The choice of empirical antibiotic therapy in the 
setting of nosocomial bacterial meningitis is 
guided by suspected pathogen and the pathogen-
esis of the infection. For example, bacterial men-
ingitis following basilar skull fracture or early 
after otorhinologic procedure should be treated 
empirically with a regimen containing vancomy-
cin and a third-generation cephalosporin (either 
cefotaxime or ceftriaxone) [39, 44, 94]. Antibiotic 
therapy can be modified according to the isola-
tion of the specific bacterial pathogen [87].

However, for nosocomial meningitis develop-
ing in the setting of neurosurgery or after pro-
longed hospitalization especially after penetrating 
head trauma or basilar skull fracture, empiric 
therapy should consist of vancomycin plus an 
antipseudomonal beta lactam antibiotic such as 
cefepime, ceftazidime, or meropenem (see 
Table 36.9) [88].

Adding the second agent should be based on the 
local antibiogram profiles of the Gram- negative 
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Table 36.9 Recommended empirical antimicrobial therapy for nosocomial bacterial meningitis, according to the 
pathogenesis of the infection

Pathogenesis Common bacterial pathogens Antimicrobial therapy
Postneurosurgical 
infection

Facultative and aerobic Gram-negative bacilli (including 
Pseudomonas aeruginosa), Staphylococcus aureus, and 
coagulase-negative staphylococci (especially S. 
epidermidis)

Vancomycin plus cefepime, 
ceftazidime, or meropenema

Ventricular or 
lumbar catheter

Coagulase-negative staphylococci (especially S. 
epidermidis), S. aureus, facultative and aerobic Gram- 
negative bacilli (including P. aeruginosa), 
Propionibacterium acnes

Penetrating trauma S. aureus, coagulase-negative staphylococci (especially S. 
epidermidis), facultative and aerobic Gram-negative bacilli 
(including P. aeruginosa)

Basilar skull 
fractures

Streptococcus pneumoniae, Haemophilus influenzae, group 
A β-hemolytic streptococci

Vancomycin plus a third- 
generation cephalosporin (i.e., 
ceftriaxone or cefotaxime)

Reproduced with permission from: van De Beek D et al. N Engl J Med 2010;362:146–54
a The choice of the specific agent should be based on local antimicrobial susceptibility of aerobic Gram-negative bacilli

bacilli. Among the carbapenems, meropenem is the 
agent of choice, given the lower risk of seizure com-
pared to imipenem and its usefulness in the treat-
ment of nosocomial bacterial meningitis which has 
been shown in several clinical studies [88].

36.7.2.1  Duration of Therapy
Duration of antibiotic therapy is guided by the 
findings on initial or repeat sampling, CSF 
 glucose, and clinical symptoms and systemic 
 features.

Infections caused by a coagulase-negative 
staphylococcus or P. acnes with no or minimal 
CSF pleocytosis, normal CSF glucose, and few 
clinical symptoms or systemic features should be 
treated for 10  days. Duration should be longer 
(10–14 days) if there is significant CSF pleocyto-
sis, CSF hypoglycorrhachia, or clinical symp-
toms or systemic features.

Infections caused by S. aureus or Gram- negative 
bacilli with or without significant CSF pleocytosis, 
CSF hypoglycorrhachia, or clinical symptoms or 
systemic features should be treated for 10–14 days; 
some experts suggest treatment of infection caused 
by Gram-negative bacilli for 21 days.

In patients with repeatedly positive CSF cul-
tures on appropriate antimicrobial therapy, treat-
ment should be continued for 10–14 after the last 
positive culture.

36.7.3  Repeated Lumbar Puncture

The analysis of the cerebrospinal fluid should 
be repeated only in patients whose condition 
has not responded clinically after 48  h of 
appropriate antimicrobial therapy [86]. Due to 
the anti- inflammatory effect of dexamethasone 
therapy, vancomycin penetration into sub-
arachnoid spaces might be compromised [135, 
136] leading to treatment failures [137]; there-
fore, it is prudent to repeated lumbar puncture 
especially in patients with pneumococcal men-
ingitis caused by penicillin- resistant or cepha-
losporin-resistant strains and who receive 
adjunctive dexamethasone therapy and vanco-
mycin [88, 135].

Suggested algorithm for the diagnosis and 
management of suspected meningitis in patient 
with confirmed or suspected CSF leakage.

36 CSF Rhinorrhea and Infection
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Proceed with LP

Fever, headache, new onset seizures, or
decreased level of consciousness.

Switch to preemptive therapy

Yes 

Suspected meningitis

CSF leak
Rhinorrhea, liquorrhoea.
History or risk factors suggestive of CSF leak
(Recent surgery or Head trauma).

Recurrent meningitis Suspected CSF fistula

Investigating Meningitis 

Contraindication of LP?
Papilledema, focal deficit, or change 
of level of consciousness.

Do brain CT scan
first

No

Positive initial Gram stain

Investigating CSF leak

Will LP be delayed?

Start empirical therapy

If CSF Gram stain and cultures are all negative, Continue on empirical therapy if
high clinical suspicion of meningitis. 

Culture and susceptibility
resulted? Takes >48 hrs.

Switch to definitive therapy

- Nasal endoscopy and/or
endonasal examination.
- Beta-2 transferrin.

Neuroimaging by
CT-scan and

Stop empirical therapy if
appropriate

CSF color, cell counts with differential, opening pressure,
chemistry, Gram stain and bacterial culture.

Positive LP findings Negative LP findings

Look for other causes to
explain CNS symptoms..
Search for distant infection.

Routine laboratory: CBC, coagulation
profile, and biochemistry.
Blood cultures STAT

Negative initial Gram stain  

Continue on empirical therapy

Proceed with LP if no
contraindication

Yes No
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36.8  Antibiotic Prophylaxis

36.8.1  In Patient with Preoperative 
CSF Leakage

Antibiotic prophylaxis has not been rigorously 
studied in this setting and remains controversial 
in CSF leakage without infection. The routine 
use of prophylactic antibiotics in patients with 
skull base fractures even appears to be associ-
ated with a higher risk of meningitis [39]. While 
one study showed no statistical difference 
among patients treated with antibiotics versus 
those not treated with antibiotics for CSF leak-
age [40], several other studies highlighted an 
increased incidence of infection [27, 138, 139] 
in patients receiving prophylactic antibiotics 
compared to those not treated and greater inci-
dence of resistant organisms with use of prophy-
lactic antibiotics [51]. Furthermore, most 
experts recommend against using antibiotics to 
prevent the emergence of resistant organisms 
[140, 141].

36.8.2  In Patient with Intra and Post- 
operative CSF Leakage

The paucity of quality data for the type of periop-
erative antibiotic prophylaxis and duration has 
left this issue to the discretion of the surgical 
team. However, studies have shown no added 
benefit of extending antibiotics beyond 48 h post-
operatively in the setting of open cranial base sur-
gery as well as head and neck surgeries [142–144]. 
Prophylactic antibiotics are routinely adminis-
tered before skin incision and continue its use 
until the nasal packing is removed. The most 
commonly used prophylactic agents are nafcillin 

or cefazolin. Infection rates have been acceptable 
(rate of meningitis less than 1%) [74]. 
Clindamycin or vancomycin is typically used for 
patients with penicillin allergy.

36.9  Role of Vaccination in CSF 
Rhinorrhea

Vaccination is minimally invasive intervention 
with a low risk for adverse reaction. Multiple 
studies reported on the effect of vaccination in 
the reduction of all-age-specific incidence of 
pneumococcal meningitis, H. influenzae type b 
meningitis, and meningococcal meningitis [145, 
146]. The expert opinion is that vaccination is 
indicated in this small subgroup of adults with 
community-acquired bacterial meningitis with 
high risk of recurrence.

36.9.1  Pneumococcal Vaccination

The two widely used types of pneumococcal vac-
cine are the 23-valent polysaccharide vaccine 
(PPSV-23) and the 13-valent conjugate vaccines 
(PCV-13). Patients with a persistent communica-
tion between the CSF and oropharynx or naso-
pharynx should receive both PCV-13 and 
PPSV-23, preferably ≥8 weeks after the receipt 
of PCV-13. A second dose of PPSV-23 can be 
considered in those patients 5 years after the ini-
tial dose, although this is not recommended by 
the ACIP or AAP [147].

Although not supported by evidence, it is rec-
ommended to use Hib, Men-ACYW, and Men-B 
vaccines in patients presenting with community- 
acquired bacterial meningitis and CSF leak (see 
Table 36.10).

36 CSF Rhinorrhea and Infection
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Table 36.10 Recommended adult immunization for meningitis in individuals with or without CSF leak

Vaccination Medical indication How to administer?
Pneumococcal vaccinations Recommended for patients with 

CSF leak
   •  1 dose PCV-13 followed by 1 dose 

PPSV-23 at least 8 weeks later
Meningococcal vaccination Recommended for general 

population
Meningococcal A, C, W, Y (MenACWY)
   •  1 or 2 doses depending on indication, then 

booster every 5 years if risk remains
Meningococcal B (MenB)
   •  2 or 3 doses depending on vaccine and 

indication
Influenza vaccination Recommended for patients with 

CSF leak
Influenza inactivated (IIV) or influenza 
recombinant (RIV)
   •  1 dose annually
Or
Influenza live attenuated
   • 1 dose annually

Haemophilus influenzae Recommended for general 
population

Haemophilus influenza type b (Hib)
   • 1 dose
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Evidence-Based Medicine 
in Cerebrospinal Fluid Leak 
and Skull Base Reconstruction

Seth M. Lieberman and Michael G. Stewart

37.1  Evidence-Based Diagnosis 
of Cerebrospinal Fluid 
Rhinorrhea

There are clearly different techniques for the 
diagnosis of cerebrospinal fluid (CSF) rhinor-
rhea—and these techniques have evolved over 
time. There is some good evidence supporting the 
effectiveness of certain methods, however experi-
ence also plays a role since the evidence is not 
high-level or definitive. That statement is not a 
critique of the authors that have published on the 
topic; rather, it is a reflection of the rarity of the 
condition, and the difficulty in performing true 
randomized or controlled trials in this diagnosis. 
We have divided this section of the chapter into 
discussion on the diagnosis of CSF rhinorrhea—
whether or not it is present—and the localization 
of the leak—after the diagnosis has been 
 established—and a section on intrathecal fluores-
cein, which is used for both diagnosis and 
localization.

37.1.1  Diagnosis

It is important to first identify that CSF is present 
in the rhinorrhea, since non-CSF rhinorrhea is a 
common symptom and finding. The possible 
techniques are the ring sign, glucose testing, 
beta-2 transferrin testing, beta trace protein test-
ing, fluorescein testing, and radionucleotide 
testing.

Oakley et  al. performed an evidence-based 
review with recommendations in 2016, based on 
studies from 1990 to 2014 [1]. They used stan-
dard search methodology and identified 68 pos-
sible studies and evaluated them for study 
methodology and quality, and then created evi-
dence tables summarizing the level of evidence 
and the findings. As is typical in such reports, 
multiple authors worked independently and if 
there was disagreement it was resolved using a 
standardized methodology. The highest collec-
tive grade of evidence they identified was Grade 
C, so there is not high-level evidence available 
for any of these tests. Nevertheless, the findings 
tended to be consistent across studies and also 
supported by clinical experience, so the pooled 
evidence is still quite helpful.

37.1.1.1  Ring Sign
There is no good published evidence to support 
this diagnostic technique, which is not surprising 
as it is a subjective tool that was used before 
more specific and sensitive studies were avail-
able [1]. The authors “Recommended Against” 
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the use of ring testing in the diagnosis of CSF 
rhinorrhea.

37.1.1.2  Glucose Test
It was originally believed that there was no glu-
cose in nasal rhinorrhea, so the presence of glu-
cose in the fluid would indicate the presence of 
CSF, however this was disproved many years ago 
by studies identifying the presence of glucose in 
nasal secretions in certain medical conditions. In 
addition, some authors used glucose test strips 
(designed for use in urinalysis) and said a positive 
result was abnormal. Others sent the fluid for glu-
cose level testing, but the cutoff for an elevated test 
was never established. The specificity and sensi-
tivity of glucose strip testing were determined to 
be specificity from 20% to 45%, and sensitivity 
from 80% to 100% [1]. High sensitivity is not sur-
prising because most patients do not have a CSF 
leak, so there are many true negative tests and very 
few false negatives. The low specificity is very 
concerning however, as the test generates many 
false positive results. The evidence-based recom-
mendation was “Recommend Against.”

37.1.1.3  Beta-2 Transferrin
This is a protein which is present in CSF but not 
in nasal secretions, so the detection of beta-2 
transferrin should have a high specificity for CSF 
rhinorrhea. There were nine different studies on 
the accuracy of beta-2 transferrin testing, and the 
pooled data found very high sensitivity and speci-
ficity of >90%, when the testing results were all 
verified using surgical findings. In addition to the 
high specificity and sensitivity, the cost of testing 
was very low compared to some other methodolo-
gies, and the risk was also very low since the test 
is noninvasive. Based on this evidence, the authors 
“Recommended For” the use of beta-2 transferrin 
testing in the diagnosis of CSF rhinorrhea [1]. 
Interestingly, the authors identified one study 
which evaluated whether the specimen must be 
kept refrigerated (which many believe), and that 
study found no difference in positive testing rates 
whether the specimens were stored and delivered 
at room temperature or were kept refrigerated, so 
in fact there is evidence that the fluid can be sent 
for testing even if not refrigerated [2].

37.1.1.4  Beta Trace Protein
Beta trace protein is also present in the CSF in 
high concentrations; it is also present in blood 
but at much lower concentrations. In some medi-
cal conditions the protein levels are altered, for 
example renal failure increases blood levels, 
and bacterial meningitis decreases CSF levels. 
Nevertheless, there are several studies which 
show that sensitivity (91–100%) and specific-
ity (86–100%) of beta trace protein are about 
as high as beta-2 transferrin, and the test is also 
inexpensive and has a rapid turnaround time 
of 15  min. Based on the evidence, the authors 
“Recommended For” the use of beta trace pro-
tein. The authors also quoted prices of about $38 
for beta-2 transferrin, and about $20 for beta 
trace protein testing in the 2016 article [1].

In the opinion of the chapter authors, there do 
not seem to be significant advantages of beta 
trace protein compared to beta-2 transferrin, and 
no reason to recommend one test over the other. 
In practice, beta trace protein seems to be used 
more frequently in Europe, and beta-2 transferrin 
more frequently in the United States, likely due 
to test availability.

37.1.1.5  Radionuclide Cisternography
The authors also reviewed the evidence support-
ing this test as a diagnostic tool, however it is 
expensive, invasive, and has only moderate accu-
racy, so the authors “Recommended against” its 
use as a diagnostic test [1].

37.1.1.6  Other Radiologic Testing
Typically, the diagnosis of CSF rhinorrhea is 
performed with markers within the fluid itself, 
however sometimes the fluid cannot be collected 
and tested, so the diagnosis of CSF rhinorrhea 
remains unproven. In those cases, radiologic 
testing can be considered for the diagnosis of 
CSF rhinorrhea. The evaluation of the evidence 
on radiologic testing for diagnosis and localiza-
tion is very difficult to parse, because the tests 
are done for both reasons, often within the same 
series. So, using radiologic evaluation can prove 
the presence of a leak, and can also identify or 
confirm the location of that leak. If the diagnosis 
is confirmed by examination of the fluid, then 
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the radiologic testing is performed for localiza-
tion only.

The next section covers the evidence on radio-
logic evaluation, which includes both localiza-
tion and diagnosis.

37.1.2  Localization

Marker testing will often not localize the exact 
leak site, although it can narrow down the poten-
tial sites. Once the diagnosis has been estab-
lished, radiologic testing is frequently used for 
the anatomic localization of the leak.

A systematic review was reported in 2019 on 
the radiologic evaluation for CSF leak [3]. It was 
a more comprehensive assessment than just CSF 
rhinorrhea, and included traumatic injuries and 
CSF otorrhea. Nevertheless, the findings are use-
ful for any case where radiologic localization is 
needed. The authors screened 2125 papers and 
identified 38 studies for review, which included 
1000 total patients.

37.1.2.1  Radionuclide Cisternography
The authors pooled the data from different 
modalities and reported sensitivity ranges. 
Radionuclide cisternography had only 2 studies, 
and only one reported sensitivity, which was 
76%. These were older studies, and the more 
contemporary reports did not use this 
technology.

37.1.2.2  Computed Tomography 
Scanning

CT imaging will show bony detail and help local-
ize a leak’s location, but will not demonstrate 
actual CSF. It is typically performed without IV 
contrast. CT cisternography requires a lumbar 
puncture and injection of radiopaque contrast 
material with subsequent CT imaging.

CT imaging for localization and/or diagnosis 
was reported in 24 studies, and included both 
high-resolution CT and CT cisternography with 
intrathecal contrast [3]. Sensitivities ranged from 

58.8% to 100% for high-resolution CT, and from 
37.5% to 72.3% for cisternography.

The Oakley et  al. evidence-based review with 
recommendation from 2016 found some conflict-
ing data on the sensitivity and specificity of high- 
resolution CT scanning in identifying the location 
of a CSF leak, primarily because natural bony 
dehiscences can occur with no leak [1]. Overall 
sensitivity and specificity ranged from 44% to 
100% (sensitivity) and 45% to 100% (specificity), 
but some studies found high-resolution CT to be 
100% accurate. The cost was moderate and the 
harm was minimal (radiation exposure), and based 
on their review, they made a “Recommendation 
for” high-resolution CT scanning as an initial test 
for localization. CT cisternography with intrathecal 
contrast requires a lumbar puncture, and actually 
has lower sensitivity than MR cisternography, 
which is a noninvasive, high-resolution 
T2-weighted MR, so the authors made a 
“Recommendation against” CT cisternography 
with intrathecal contrast.

37.1.2.3  Magnetic Resonance 
Imaging

Eljazzar et al. identified 29 studies which evalu-
ated Magnetic Resonance Imaging, but there 
were variations on the theme: 3-D techniques, T1 
and T2 weighted images, and MR cisternography 
with intrathecal contrast were all studied [3]. 
“MR cisternography” can be performed without 
contrast using the CSF enhancing characteristics 
of T2 imaging sequences, or MR cisternography 
can include intrathecal injection of gadolinium. 
Sensitivity ranges of MRI were broad: 3D tech-
niques from 74.7% to 100%, T1 and T2 tech-
niques from 11.8% to 100%, and cisternography 
with injected contrast from 56% to 100%.

The Oakley review concluded that MR imag-
ing with T2-weighted images was more expen-
sive and had similar sensitivity and specificity as 
high-resolution CT.  The addition of intrathecal 
contrast to MR scanning added more cost and 
invasiveness (lumbar puncture is of course 
required). However, when the diagnosis is in 
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doubt, you do get the potential added benefit of 
demonstrating CSF outside the cranial cavity. 
The authors concluded with a “Recommendation 
for” noninvasive MR cisternography, “…..where 
cheaper or less invasive studies have failed to 
diagnose or localize the site of a leak,” and they 
did not make a recommendation on MR with 
intrathecal contrast [1].

37.1.2.4  Combination Studies
Eljazzar et  al. also reviewed 6 studies which 
combined CT and MRI studies, and found sensi-
tivities from 89.7% to 95% [3]. They commented 
that MRI and CT are of course complementary 
because of the differences in soft tissue and bony 
detail offered by each modality.

The authors’ overall conclusion was that MRI 
studies had higher overall sensitivity to detect a 
leak, but lacked the bony detail to fully localize 
the leak, and they recommended consideration 
of a strategy of MRI first, followed by CT if 
needed [3]. There are also fusion technologies 
which overlay the MR and CT images. The 
authors commented that the studies often did not 
distinguish between active and inactive leaks, 
and there was no stratification based on etiology. 
Based on the heterogeneity of the studies and the 
techniques, the authors were also unable to make 
evidence-based recommendations on which spe-
cific CT or MRI technique (contrast vs. cister-
nography, etc.) was preferred for individual 
cases [3].

37.1.3  Intrathecal Fluorescein

Finally, fluorescein injected intrathecally can be 
used for both diagnosis and localization of CSF 
rhinorrhea. This is an off-label application of 
fluorescein, which is not approved for intrathecal 
use. However, there is a lot of published evidence 
supporting the use and safety of dilute fluores-
cein intrathecally. Adverse neurologic events 
from intrathecal fluorescein have been reported 
after doses from 100  mg to 700  mg, and the 
Otolaryngology and Neurosurgery communities 
generally use no more than 50 mg total and often 

as little as 10–20 mg [4]. When used outside the 
operating room, fluorescein can be diluted with 
sterile saline for injection, and when used in the 
operating room setting, it is usually diluted with 
CSF which was extracted from the lumbar drain, 
and the mixture is then reinjected into the CSF 
[4]. In the United States, fluorescein is available 
as a 10% solution, intended for intravenous injec-
tion, and it states on the bottle “Not for intrathe-
cal use.” So the patient must be counseled about 
the indications, risks, and the off-label use. 
Nevertheless, dilute fluorescein is used intrathe-
cally by large numbers of Otolaryngologists, and 
survey studies have indicated similar popularity 
in the Neurosurgery community.

If you dilute 0.2 ml of 10% fluorescein into 
9.8 ml of withdrawn CSF, then you have created 
a 2  mg/ml fluorescein solution. Injection of all 
10 ml of this solution would be a total dose of 
20 mg—a dose that the literature supports to be 
safe with minimal risk of major complication.

The evidence on the effectiveness of fluores-
cein as an intraoperative localization tool is very 
limited because comparative studies have not 
been performed. Anecdotally many surgeons 
report it to be very useful—attesting to their per-
ception of benefit which is worth the risk—and 
they use it routinely even when they are confident 
about the location, often to confirm that the leak 
has been closed intraoperatively. However there 
is no pooled or comparative evidence on which to 
make an evidence-based recommendation.

Fluorescein could be used as a preoperative 
diagnostic or localization test, but it would 
require lumbar puncture and evaluation in a non-
operative setting, and there are no data on this 
application. There are three studies which 
reported the use of topical fluorescein: it is 
placed into the nasal cavity, and then a CSF leak 
can be identified by a color change of the fluo-
rescein at that site. Obviously this is subjective, 
and cannot be used if the potential leak site is not 
visible with intranasal endoscopy, and although 
the studies reported “100% accuracy” there are 
no comparative or saline-controlled trials, and 
the results are likely not consistently 
reproducible.
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The overall evidence-based recommendation 
on the use of intrathecal fluorescein for localiza-
tion and/or diagnosis was “Option.” [1].

37.2  Evidence-Based 
Management of CSF 
Rhinorrhea and Skull Base 
Reconstruction

Management of ventral skull base cerebrospinal 
fluid leaks has evolved considerably over the past 
few decades as the technology and techniques of 
endoscopic skull base surgery have been devel-
oped. Based on the published literature, the trend 
has been toward less invasive surgery, decreased 
rates of recurrent CSF leaks, and decreased mor-
bidity. Our patients have truly benefitted from 
these advancements. There are many decisions 
that must be made when managing these patients 
that go beyond whether to use an endoscopic or 
open approach. Here we will address the recent 
and pertinent literature related to such topics, 
including some of the gaps in the literature.

37.2.1  Spontaneous CSF Rhinorrhea

Spontaneous CSF rhinorrhea in patients with 
Idiopathic intracranial hypertension (IIH) has 
been increasing in the proportion of all CSF rhi-
norrhea patients, most likely due to the worsen-
ing obesity epidemic [5]. The postoperative 
management of these patients pertains primarily 
to the outcome of recurrent CSF leak. Given the 
pathophysiology behind spontaneous CSF rhi-
norrhea, controlling intracranial pressures is 
plausibly an important intervention to minimize 
recurrence of CSF leaks whether through behav-
ioral (i.e., diet and exercise), pharmacologic (e.g., 
acetazolamide), or surgical interventions (e.g., 
bariatric surgery, shunting procedure).

37.2.1.1  Weight Loss
Data on the effect of weight loss in the IIH patient 
population mainly come from patients who do 

not have concomitant CSF rhinorrhea. Weight 
loss has been shown to improve the symptoms 
and signs of idiopathic intracranial pressure in 
both retrospective and prospective studies. 
Sinclair et  al. performed a prospective study of 
25 women with IIH treated with a low-energy 
diet [6]. These women served as their own con-
trols after 3 months of a low-energy diet with an 
average weight loss of 16  kg (15% of body 
weight). Papilledema grade also improved, as did 
headaches, tinnitus, and diplopia. Though the 
group’s intracranial pressure decreased on aver-
age, only 4 of 20 (5 refused follow-up lumbar 
puncture) patients developed normal intracranial 
pressure. Therefore the majority of patients expe-
rienced improvement in symptoms despite per-
sistently elevated intracranial pressure. Manfield 
et  al., performed a systematic review and com-
parison of meta-analyses evaluating bariatric sur-
gery or nonsurgical weight loss for idiopathic 
intracranial hypertension, and both weight loss 
interventions resulted in a decrease in CSF pres-
sure [7]. While we can only infer the effect of 
weight loss on outcomes after CSF leak repair 
from the available literature, the beneficial effects 
on CSF pressure and other IIH symptoms, not to 
mention the more globally positive health effects, 
suggests that this issue should be addressed in 
overweight and obese patients treated for sponta-
neous CSF rhinorrhea.

37.2.1.2  Acetazolamide and Shunt
The use of acetazolamide in the postoperative 
management of IIH patients with spontaneous 
CSF rhinorrhea is also a controversial topic. The 
most recent and scientifically rigorous evaluation 
of this population was the Idiopathic Intracranial 
Hypertension Treatment Trial (IIHTT) which eval-
uated 165 participants at 38 sites in North America 
with IIH who were randomized to 2 treatment 
arms: acetazolamide  +  weight loss versus pla-
cebo + weight loss. Of the 165 patients, 85 agreed 
to undergo repeat LP at 6 months. The acetazol-
amide group had a significantly greater decrease in 
CSF pressure (treatment effect (-)59.9 mm H2O; 
95% CI (-)96.4 to (-)23.4 mm H2O, p = 0.002) [8]. 
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The dosing used was 1 tablet (250 mg) of acetazol-
amide twice daily with subsequent dosage 
increases of 1 tablet every week up to a maximum 
of 8 tablets twice daily (4 g/d of acetazolamide). 
Dosage escalation was stopped if the subject 
reported related symptoms. Thirty- eight of 86 
(44.1%) tolerated the maximum dosage [9]. 
Therefore, while acetazolamide does appear to 
have the effect of lowering elevated intracranial 
pressure in patients with IIH, it is unclear from the 
literature the efficacy of lowering recurrence of 
CSF leaks in patients with spontaneous CSF rhi-
norrhea. Dosing regimens vary widely and, in 
addition to its utility in managing patients with 
spontaneous CSF leaks, would be considered 
another gap in our knowledge regarding this 
intervention.

Teachey et  al. put forth a large prospective 
case series and systematic review of the literature 
with a total of 679 patients undergoing treatment 
for CSF rhinorrhea to evaluate whether postop-
erative control of intracranial pressure in this 
patient population affected outcomes. The inter-
ventions included lumbar puncture, lumbar drain, 
ventriculostomy, acetazolamide, or permanent 
CSF diversion with shunt. Lumbar drain alone 
was not considered an intervention unless used as 
an assessment for long-term intervention. They 
found the success rate for the active intervention 
cohort was 92.8% versus 81.9% in the no active 
ICP management group (P < 0.001) [10].
While controlling intracranial pressure is plausi-
bly an effective and widely accepted intervention 
for reducing recurrence rates of CSF rhinorrhea 
in the IIH population, this specific outcome has 
not been evaluated in a prospective randomized 
fashion, likely in part due to the rarity of this dis-
ease process. Future research endeavors can eval-
uate the most clinically- and cost-effective means 
for realizing this outcome. A few examples of 
lingering questions that can potentially be 
addressed with prospective randomized trials 
include the following: How effective is weight 
loss at preventing recurrent leaks and is this inter-
vention equivalent to weight loss plus pharmaco-
logic intervention? Is bariatric surgery more 
effective than behavioral modification at prevent-

ing recurrent leak? Does acetazolamide decrease 
the rates of leak recurrence and what is the opti-
mal dosing? How do shunting procedures com-
pare with these procedures in terms of leak 
prevention and quality of life outcomes?

37.2.2  Lumbar Drainage 
in the Management of CSF 
Rhinorrhea

Lumbar drainage carries a risk of persistent 
drainage after removal, overdrainage and subse-
quent pneumocephalus or subdural hemorrhage, 
and retained catheter [11]. On the topic of its util-
ity in postoperative management of CSF leak 
repair, the literature predominantly consists of 
retrospective case series. Ahmed et al. performed 
a meta-analysis dedicated to evaluating the effi-
cacy of perioperative lumbar drainage following 
CSF leak repair for anterior cranial fossa defects, 
with all etiologies included. They found that 
there was insufficient evidence that lumbar drain-
age decreases CSF leak recurrence after endo-
scopic repair of anterior skull base defects [12].

37.2.2.1  High-Flow Leaks
Zwagerman et al. performed a randomized con-
trolled trial (RCT) of lumbar drain placement 
after endoscopic skull base surgery [13]. The 
drains were placed after the surgical closure was 
completed, and surgeons were blinded to which 
patients would receive the drain until after the 
repair. Inclusion criteria included patients with 
high-flow leaks, dural defects greater than 1 cm2 
and either extended arachnoid dissection, and/or 
dissection into a ventricle or cistern. One hun-
dred seventy patients were randomized into the 
study. Skull base repair consisted of multilayer 
reconstruction including a vascularized flap. 
Lumbar drainage was performed at 10 cm3/h for 
72 h. Primary outcome was the presence of a CSF 
leak during the 30 day follow-up period. There 
was a significant difference in CSF leak rate 
between the 2 groups, with the LD group at 8.2% 
and the no-LD at 21.2% prompting early cessa-
tion of the study.
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37.2.2.2  Low-Flow Leaks
Albu et  al. performed a prospective randomized 
study evaluating use of lumbar drainage in 150 
patients with CSF rhinorrhea from trauma, iatro-
genic etiology, or spontaneous CSF rhinorrhea 
[14]. In contrast to the Zwagerman et  al. study, 
patients were excluded if they had high-flow leaks 
with exposed cisterns or ventricles. One hundred 
fifty patients were randomized over a 12  years 
period to either postoperative lumbar drain for 
72 h versus no lumbar drain. The method of repair 
did not include a vascularized flap, but mainly an 
underlay with bone or cartilage for large defects 
followed by a mucosal graft. Seventy-five patients 
were randomized to each group. In patients with 
LDs, success rate was 95%, compared to 92% in 
the control group, and the difference was not sta-
tistically significant (p  =  0.2). The only factors 
found to be significantly associated with recurrent 
leak was the presence of elevated intracranial 
pressure (77% vs. 96%).
Taking the results of both studies, these data sug-
gest that lumbar drainage may provide benefit in 
large defects with high-flow leaks, but not with 
low-flow leaks. Future studies to address the gaps 
in our knowledge would include continued strati-
fication of clinical factors such as defect size and 
flow rates, as well as patient specific factors, such 
as BMI and sleep apnea.

37.2.3  Vascularized Flap Versus Free 
Graft

The improvement in the success rate of skull base 
reconstruction has allowed endoscopic skull base 
surgery to grow as a field. Perhaps the biggest 
contribution was the development of the nasosep-
tal flap, first described in 2006 [15]. The innova-
tion of an intranasal vascularized pedicled flap 
has led to the development of a variety of other 
local and regional vascularized flaps that are 
options when the nasoseptal flap is unavailable or 
inadequate. While there have been no RCTs eval-
uating vascularized versus avascular grafts in 
skull base reconstruction, their utility is sup-
ported by the literature in the form of case series 
and meta-analyses.

37.2.3.1  Large Versus Small Skull 
Base Defects

Harvey et al. performed a systematic review eval-
uating reconstruction of large skull base defects 
defined as 3 cm or greater [16]. Of 609 patients 
with large dural defect, the overall rate of CSF 
leak was 11.5%, with 15.6% for free grafts and 
6.7% for vascularized reconstruction (x2 = 11.88, 
P = 0.001). Soudry et al. performed a systematic 
review of the literature evaluating reconstruction 
of surgically-created anterior skull base defects 
[17]. Of 673 patients, the overall success rate was 
91.5%. When comparing outcomes by subsite of 
defect, there were no clear differences between 
vascularized and nonvascularized reconstruction 
techniques for any individual subsite apart from 
the clivus, for which a vascularized pedicled flap 
was associated with a higher success rate. For 
any given subsite, higher flow leaks were repaired 
with greater success rates when vascularized tis-
sue was used (94% vs. 82%), but were equivalent 
in low-flow leaks.
When considering the appropriate technique for 
skull base reconstruction, the surgeon must take 
into account patient factors (e.g., body habitus, 
presence of IIH, sleep apnea, age), defect factors 
(e.g., location, size, flow rate, entry of tumor into 
cistern or ventricle), and disease factors (e.g., 
need for radiation, mucosal involvement of 
tumor, risk of recurrent disease). The current lit-
erature supports that utilizing vascularized tissue 
will improve the success rate of skull base recon-
struction for large skull base defects, but this may 
not hold true for smaller defects. There are many 
reconstructive algorithms available [18, 19], and 
future studies with stratification of defect and 
patient specific factors will further delineate the 
most appropriate and least morbid reconstructive 
approach for smaller defects.

37.2.4  Non-iatrogenic Traumatic CSF 
Rhinorrhea

37.2.4.1  Antibiotics
There have been several RCTs and meta-analy-
ses evaluating the use of antibiotics in patients 
with traumatic CSF rhinorrhea. The majority has 
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not found a significant difference between the 
antibiotic and no antibiotic groups in terms of 
infectious complications [20–23]. The most 
recent meta-analysis on this topic was a Cochrane 
review, evaluating 5 RCTs, comprising a total of 
208 participants with basilar skull fracture com-
paring groups with and without preventative 
antibiotic therapy [24]. The study found no sig-
nificant difference for incidence of infection 
(OR 0.69; 95% confidence interval  =  0.29 to 
1.61). When evaluating subgoups of patients 
with and without CSF leakage, again no differ-
ence was found. The authors also performed a 
meta-analysis of controlled nonrandomized 
studies. This meta- analysis consisted of 2168 
participants with the frequency of meningitis 
6.92% in the treatment group and 6.52% in the 
control group, with an OR 1.13; (95% CI = 0.67 
to 1.88). In a subgroup analysis of the nonran-
domized studies, the authors analyzed subgroups 
of patients with and without CSF leakage. For 
participants with CSF leakage, the OR was 0.61 
(95% CI 0.37 to 0.99) and for patients without 
CSF leakage it was 0.86 (95% CI 0.27 to 2.78). 
Based on this analysis, the authors state that 
there is insufficient evidence to support or refute 
the use of antibiotics to prevent meningitis in 
patients with basilar skull fractures. Better strati-
fication in future studies would be necessary to 
elucidate whether antibiotic prophylaxis pre-
vents meningitis in patients with active CSF rhi-
norrhea or presence of pneumocephalus.

37.2.4.2  Lumbar Drain
Most leaks will resolve within 7–10  days with 
conservative treatment [25]. Management options 
include conservative management with bed rest, 
lumbar drain, or primary repair. Most of the cur-
rent data regarding this topic are based on cohort 
studies. Albu et al., however, performed a RCT to 
evaluate the utility of lumbar drainage versus 
conservative therapy on outcomes in patients 
with traumatic CSF leaks [26]. The patients 
included in the study were highly selected and 
had to meet the following criteria: persistent rhi-
norrhea beyond 48 h, absence of pneumocepha-
lus on presentation, blunt cranial trauma, and 
admitted within 24 h following the start of rhi-

norrhea. Patients were excluded if they presented 
with CSF otorrhea, or had evidence of pneumo-
cephalus, meningitis, intracranial hemorrhage, 
cerebral edema or cerebral contusion. Thirty 
patients were randomly allocated to each treat-
ment arm—lumbar drainage or bed rest—and 
drained at 10  ml/h. The lumbar drain was 
removed once the CSF rhinorrhea stopped, or 
after a maximal time period of 10  days. 
Antibiotics were not used in either group. Mean 
time interval of CSF leak in patients managed 
with LDs was 4.83 ± 1.88 days while in the con-
servatively managed patients leakage persisted 
for 7.03  ±  2.02  days (95% CI 3.05–1.35, 
p < 0.0001). In addition, 2 patients in the conser-
vative arm ultimately needed endoscopic repair 
while none in the treatment arm underwent oper-
ative repair. Rates of recurrent CSF rhinorrhea 
and meningitis were not different between 
groups.
Therefore, while a small sample, this study does 
provide level 1b evidence showing some benefit 
to LD in terms of leak duration and need for oper-
ative repair in a select group of patients with trau-
matic CSF rhinorrhea. While there were not 
significant adverse effects of LD amongst the 30 
patients receiving this intervention, we know that 
these risks do exist, and so risks and benefits of 
this intervention must be considered.

37.2.5  Antibiotics in Surgical Defects

While there was initial concern that endoscopic 
skull base surgery would increase the risk of 
postoperative intracranial infections due to the 
communication between the sinonasal and intra-
cranial cavities, the actual rates of infection have 
been shown to be quite low at around 2% or less 
[27–30]. While prevention of postoperative infec-
tion largely relies on prevention of postoperative 
CSF leak, there is no consensus on appropriate 
perioperative antibiotics management [31]. 
Based on a survey sent out by Johans et al., there 
is considerable variation in perioperative antibi-
otic regimens among different institutions and 
surgeons [30]. The data are largely based on ret-
rospective or prospective nonrandomized studies 
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with a heterogeneous mixture of skull base 
pathologies.
Therefore, the optimal perioperative antibiotic 
regimen remains elusive in endoscopic skull base 
surgery. It is not clear whether there is benefit to 
continuing antibiotics into the postoperative 
period, and if so, for which patients. We also do 
not know if there are patient, pathologic, or intra-
operative factors that can help us to determine 
this. For example, the postoperative infection risk 
for a patient undergoing a 5-h resection of a large 
tuberculum sellae meningioma is likely higher 
than for a patient undergoing a routine pituitary 
adenoma resection with a small tear of the dia-
phragma sella or a patient with a spontaneous 
CSF leak through a 1 mm defect of the cribriform 
plate. It is also unclear if reconstruction tech-
nique affects risk of infection; for example, do 
we need antibiotics in patients with nonabsorb-
able packing? These are just a few gaps in our 
knowledge which cannot be answered using the 
existing observational studies.
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Quality of Life in CSF Leak

G. F. J. P. M. Adriaensen, S. Reitsma, 
and W. J. Fokkens

38.1  Introduction

Quality of life (QOL) is a multidimensional con-
struct that describes an individual’s overall per-
ception of well-being [1]. Over the past decades, 
measuring QOL and using it as an outcome 
parameter for (surgical) therapies has become 
more and more common practice in many areas 
of medicine. When considering cerebrospinal 
fluid (CSF) rhinorrhea, it seems very likely that 
this condition impacts a patient’s QOL in mul-
tiple ways. The burden of CSF rhinorrhea is 
formed by symptoms of (intermittent) watery dis-
charge from the nose and, in case of a severe leak, 
symptoms of CSF hypotension. Furthermore, the 
communication between the intracranial contents 
and the nasal cavity produces a risk of meningi-
tis (about 10% per year) [2], which gives rise to 
uncertainty and worrying. Depending on the size 
and location of the defect, and on the underly-
ing pathology causing the CSF rhinorrhea, less or 
more extensive surgery is needed. All have their 
own morbidity and therefore effect on QOL.

38.2  Measuring Quality of Life

QOL assessments provide patient-reported esti-
mates of well-being that may be clinically rele-
vant [3]. They eliminate possible observer bias 
introduced by the clinician via directed question-
ing and subjective estimation. The surgeon’s per-
ception of the patient’s QOL has been shown to 
be inaccurate in the postoperative period after 
skull base surgery [4]. Therefore, using QOL 
assessments may play an important role in the 
balanced evaluation of the efficacy of surgical 
interventions. This in turn could help the clini-
cian to provide appropriate preoperative counsel-
ing and postoperative care, resulting in better 
anticipation, recovery, and acceptance of the pro-
cedure by the patient.

QOL instruments can be divided into generic 
and disease-specific health-related question-
naires. Generic assessments focus more broadly 
on the patient’s overall perception of their well- 
being concerning health. They often make use of 
multiple domains to cover all aspects of human 
well-being, e.g., physical, social, emotional, or 
mental. Disease-specific instruments are more 
focused on a specific subgroup of patients in 
which they are validated.
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38.3  Relevant Available QOL 
Instruments in CSF 
Rhinorrhea

38.3.1  Generic Instruments

Generic questionnaires often used in sinonasal or 
skull base studies are the Short Form 36 Health 
Survey (SF-36), the EQ-5D, or the Karnofsky 
performance scale. The SF-36 consists of 36 
items in eight domains (vitality, physical func-
tioning, bodily pain, general health perceptions, 
physical role functioning, emotional role func-
tioning, social role functioning, and mental 
health) [5]. As such, it is a rather complete ques-
tionnaire of generic quality of life. Furthermore, 
it can be used to study cost-effectiveness of 
interventions.

The EQ-5D encompasses five domains 
(mobility, self-care, usual activities, pain/dis-
comfort, and anxiety/depression) and an overall 
VAS-score to indicate self-perceived health sta-
tus. Whereas older versions of this questionnaire 
used three-level scales for every item (EQ-5D-3L), 
currently five levels are used (EQ-5D-5L) 
enabling better differentiation between patient 
states. The EQ-5D can also be used in cost- 
effectiveness studies [6].

The Karnofsky performance scale is a rough 
indication of limitations in daily activities, and 
mostly used in oncological cases. It does not 
cover multiple domains. It is easy to use, but for 
CSF rhinorrhea itself hardly applicable, as this 
condition will generally not have major impact 
on the ability to perform daily activities.

38.3.2  Disease-Specific Instruments

Ideally, for patients suffering from CSF rhinor-
rhea a disease-specific QOL instrument is used to 
assess the impact on patient perceived health and 
the merits of (endonasal) surgery for closure of 
the leak. The complaints tested should include 
the nasal (e.g., patency, crusting, smell), the psy-

chological (e.g., anxiety, depression, worrying), 
as well as the neurological domain (e.g., CSF 
hypotension symptoms, headache). However, no 
such instrument has been developed yet. 
Therefore, other disease-specific QOL question-
naires could be used, each separately relating to 
the type of surgery, nasal complaints, anxiety, 
headache etc.

Two validated instruments concerning skull 
base surgery have been developed so far.

The anterior skull base quality of life ques-
tionnaire (ASBQ) is an instrument validated for 
patients undergoing open anterior skull base 
tumor surgery [7]. It has multiple dimensions 
comprising subscale scores for performance, 
physical function, vitality, pain, specific symp-
toms (taste, smell, appearance, epiphora, nasal 
secretions and visual disturbance), influence on 
emotion and a total score. It is also used to 
report on outcomes of patients treated with the 
endoscopic resection of sinonasal malignancies 
[8]. The endoscopic endonasal sinus and skull 
base surgery questionnaire (EESQ) is developed 
for patients undergoing endoscopic endonasal 
surgery for sinus or skull base pathology. It 
assesses nasal morbidity after treatment and 
covers physical, psychological and social 
 functioning [9].

Another option is the 22 item sinonasal out-
come test (SNOT-22) which is a validated 
disease- specific questionnaire designed to assess 
QOL related to benign sinonasal disease. It is 
originally devised for the context of chronic rhi-
nosinusitis and therefore focuses on nasal symp-
toms as well as some social and emotional 
consequences [10]. However, specific symptoms 
of CSF hypotension, like headache relieved when 
lying flat, nausea, vomiting and double vision, 
and especially the fear of getting serious compli-
cations like meningitis are not included.

Given the lack of a disease-specific instrument 
for CSF rhinorrhea, other domains such as anxi-
ety, depression, and headache, could be investi-
gated using separate validated questionnaires for 
each domain.
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38.4  Quality of Life in Endoscopic 
Endonasal Surgery 
Techniques in CSF 
Rhinorrhea

The chosen technique for closure can influence 
QOL. During surgical endoscopic repair, healthy 
sinonasal structures are resected which induces 
nasal morbidity. The same is true for anterior skull 
base pathology warranting endoscopic surgery 
even without CSF rhinorrhea. In these cases, using 
the SNOT-22 would make sense, as it deals exten-
sively with the nasal domain. On the other hand, it 
also encompasses items not relevant to anterior 
skull base surgery, such as ear-related symptoms. 
Still, many authors have used this instrument to 
obtain QOL measurements peri- operatively (for 
example Ransom 2012, Pant 2010, McCoul 2012, 
McCoul 2012, Thompson 2014, Patel 2015, Jones 
2016, Riley 2019, Ahn 2019) [3, 11–18]. The gen-
eral tendency is that the QOL in nasal domains 
decreases postoperatively in the first few weeks or 
months, after which it will again improve, and in 
some studies increases to better levels than preop-
eratively. A good overview of the various QOL 
outcomes in anterior skull base surgery is given by 
Kirkman et al. [19].

There is debate in the literature regarding the 
influence of a nasoseptal flap for skull base repair 
on the postoperative QOL. Some studies identify 
the use of such a flap as a negative factor for QOL 
[16, 20, 21], although others do not confirm this 
finding [11].

Another important issue is olfactory function-
ing and its influence on QOL.  It has been sug-
gested that using a nasoseptal flap impairs 
olfaction [22]. From an anatomical point of view, 
middle turbinate resection could also negatively 
impact olfactory performance. As such, some 
authors have modified their endoscopic approach 
to preserve middle turbinate anatomy and restrict 
the use of a nasoseptal flap where possible, thus 
obtaining improved postoperative QOL [13]. 
Others have chosen to use a unilateral transeth-
moidal and paraseptal approach where possible, 
thus retaining olfactory function and good sino-
nasal QOL [23].

In light of CSF rhinorrhea, currently available 
studies on QOL after (endoscopic) surgery hardly 
ever deal will CSF rhinorrhea per se. It seems 
logical that the influences of specific approaches/
techniques on QOL that are found in non-leaking 
subjects are also true for those with CSF rhinor-
rhea. Still, no real data exist on this issue.

38.5  Conclusions

The QOL in CSF rhinorrhea can be influenced on 
several levels (current complaints and risks, type 
of (surgical) therapy). Not surprisingly, the impact 
of CSF rhinorrhea alone on QOL is not well 
known. Given the expanding range of indications 
for endonasal surgery in skull base pathology, the 
incidence of CSF rhinorrhea might well increase. 
Therefore, a newly validated disease- specific 
questionnaire could be of value. This disease-spe-
cific questionnaire ideally contains items in the 
sinonasal, neurological, and psychological 
domain. The impact of endonasal surgery on 
healthy sinonasal structures and related QOL 
should not be overlooked and be kept in mind 
while performing the procedure. In the rapidly 
evolving field of endonasal surgical techniques 
and indications such a validated instrument spe-
cific to the CSF leak population may play an 
important role in the balanced evaluation of the 
surgical intervention, and thus patient 
counseling.
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Surgical Competencies 
and Simulation Models  
in CSF Leak Repair

Abeer Albathi, Saud Alromaih, 
and Abdulaziz A. AlQahtani

39.1  Introduction

The surgical approaches, techniques, and materi-
als used for endoscopic skull base reconstruc-
tions vary widely. In the hands of an expert 
surgeon, skull base reconstructions can be suc-
cessful. However, a steady learning curve is nec-
essary to master different techniques [1, 2]. Smith 
et  al. examined one team’s first 51 endoscopic 
CSF leak repair cases and found that there was a 
significant decrease in the risk of Diabetes 
Insipidus and CSF leak in the last group of 
patients (p = 0.039) [2]. Snyderman and Gardner 
reported a retrospective quantitative analysis of 
CSF leaks in 1000 consecutive cases of endo-
scopic endonasal surgeries. When they compared 
the recurrence rate of CSF leak, they found that 
there is a significant decrease in CSF leaks 
(p = 0.002) between the first half (88/500) and the 
second half (53/500) of the series. They con-
cluded that continued improvement in second 

half of the series may reflect a learning curve of 
the surgeons [1].

Training performed on simulation models that 
mimic real situations enables trainees to receive 
hands-on experience at an earlier stage of train-
ing, before operating on patients [3–5]. 
Simulation models allow residents and fellows to 
perform different procedures under lifelike con-
ditions, in a safe environment, without time 
restrictions [6, 7]. There are many simulation 
models available for endoscopic sinus surgery 
that have demonstrated positive impacts on actual 
operating room performance [6]. However, lim-
ited simulation models exist for skull base sur-
gery, especially for CSFL repair [8–11].

In the following section, authors will describe 
a novel CSFL repair simulation model that has 
been designed to train surgeons and facilitate the 
acquisition of the fundamental skills necessary for 
skull base reconstruction [10]. The feasibility and 
validity of the model has been reported [10, 12].

39.2  The CSF Leak Simulation 
Model

39.2.1  Settings

The surgical model was prepared to simulate a real 
CSF leak scenario. This model has utilized Fresh-
frozen human cadaveric heads, standard sinus and 
skull base endoscopic instruments, 4-mm 0° and 
45° endoscopes, and a high-speed drill.
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39.2.2  Steps

 1. The control holes: Two 10-mm skin incisions 
were made in the right and left uppermost 
areas of the frontal bone, followed by a bur 
hole approach, using a size 6 cutting bur. The 
dura was incised, and two tubes with free ends 
were inserted, to drain the intracranial space 
when the fluid fills the space (Fig. 39.1). The 
use of two control holes in the forehead is the 
benchmark design of this model. These two 
holes are necessary to flow off intracranial air 
during the initial fluid loading process and 
ensure that the fluid fills the intrathecal space. 
Additionally, rising the fluid through the con-
trol holes works as an indicator of watertight 
closure after the reconstruction. The control 
holes also decrease the fluid pressure over the 
skull base/neck foramina, as the control holes 
provide an outlet for excess fluid.

 2. Fluid infusion: The spinal canal at the cervi-
cal end was explored, and the epidural space 
was identified and spaced from the spinal 
cord. A Foley’s catheter, French size 14, was 

inserted into the epidural space at a 10–11 cm 
depth until it reached the intracranial space. 
The catheter’s balloon was inflated with 8 cm 
of air to fix the tube in place. We applied a 
commercial glue to seal the dura over the 
catheter. Subsequently, the skin of the neck 
was collected around the spinal canal and 
sutured together tightly, with 3.0 silk sutures 
(Fig. 39.2). This additional measure was nec-
essary to prevent any fluid leakage through 
different neck foramina during the fluid infu-
sion. The other end of the Foley’s catheter was 
connected to an infusion pump containing a 
normal saline bag, to deliver the fluid in pul-
sating mode. Fluorescein dye was injected 
into the fluid to enhance endoscopic visualiza-
tion and to test the closure of the defect. The 
intracranial space was filled with fluid until it 
drained through the control holes at the 
 forehead. The average time necessary to pre-
pare the model was 43 min (33–55 min).

In the initial version of this model, we con-
nected one of the control holes to the infusion 
pump instead of the cervical route, to deliver 

a b

Fig. 39.1 (a) Open-ended tubes (red arrows) are inserted in the frontal bur holes. (b) Fluorescein-dyed fluid is drained 
through the forehead tube (blue arrow) when the intracranial space is filled with fluid
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a cb

Fig. 39.2 (a) Foley catheter is inserted into the spinal canal. (b) The spinal canal dura is sutured around the tube. (c) 
The neck skin is sutured around the tube to prevent a fluid leak from the neck

Fig. 39.3 The fluorescein-dyed fluid is leaking through 
an iatrogenic skull base defect in the left ethmoid roof

fluid, and sealed the neck with “melted wax.” 
We found that this technique was useful for 
chemically embalmed specimens, where the 
brain is smaller and wax adherence to the 
neck skin is feasible. Fresh frozen specimens 
offer very similar conditions to live humans. 
However, the brain is often swollen, and the 
neck skin is wet and difficult to seal with wax. 
For these reasons, we have modified the infu-
sion system from the transcranial route to the 
spinal canal route.

 3. Surgical dissection: Standard functional 
endoscopic sinus surgery, transclival, and 
transsellar approaches were performed in all 
specimens. Afterward, one skull base defect 
was created at a time, in the ethmoid roof, 
cribriform plate, sella, and clivus. A 
fluorescein- dyed fluid leak was observed 
(Fig. 39.3).

 4. Reconstruction: The participant then identified 
the defect, smoothened the bony edges, skele-
tonized the mucosa around the defect, under-
mined the dura, applied the reconstruction 
material, and then applied glue at the edges. The 
participant performed skull base reconstruction 
using local flaps/grafts and human fascia tem-
poralis. The graft used in the reconstruction was 
the muco-periostium of the middle turbinate or 

floor of the nose while nasoseptal muco-perios-
tium was used as a pedicled flap. A multilayer 
technique (inlay and overlay) was used for the 
ethmoid roof, sella, and clival defects, while the 
overlay technique was used for cribriform 
defects (Fig. 39.4).

 5. Testing the reconstruction: The fluid infusion 
pump was then operated to deliver the fluid. 
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Fig. 39.4 The muco-periosteal graft of middle turbinate 
is applied over the left ethmoid roof defect. The seeker 
helps in positioning the graft

The reconstruction was labeled as a watertight 
closure if the fluid drained from the control 
holes at the forehead and as a failure if it 
leaked through the defect. The participant per-
formed each skull base reconstruction sepa-
rately before introducing an additional 
iatrogenic defect, to test the sealing of each 
area independently.

39.2.3  Validation

This simulation model underwent face, content, 
and construct validity [12].

Eight novices (residents- PGY3) and eight 
experts have participated in the validation pro-
cess. The experts completed a post-study 21-item 
questionnaire to assess the face and content valid-
ity. The performances of the participants were 
recorded and scored by two independent investi-
gators who were blinded to the participant’s level. 
Global Rating Scale of Operative Performance 
(GRSOP) and a Specific Skull Base 
Reconstruction Checklist (SBRC) were used to 
score the performances.

Face and content validation represent subjec-
tive processes during which experts in the field 
review and examine the contents of a simulator, 
in detail, to determine if the simulator measures 
what it is designed to measure. Validation 

includes testing the logical steps and the skills 
used in the procedure. Whereas face validity tests 
the realism of the model and the degree of simi-
larity between the model and real conditions, the 
content validity tests the ability of the model to 
teach the participants the principle surgical skills 
necessary for skull base reconstruction [13]. For 
this simulation model, the face and content valid-
ity showed high response rates among the experts. 
The responses from the expert group for the 
21-item questionnaire were high for all items 
(4.13–4.88 out of 5). The internal consistency 
reliability of the questionnaire and the intra-class 
correlation, which was derived by Cronbach’s 
Alpha, were 0.913 and 0.941, respectively. Seven 
experts (87%) agreed or strongly agreed that the 
model mimics real CSFL conditions. All of the 
experts (100%) agreed or strongly agreed that the 
model helps to develop the skills necessary for 
skull base reconstructions and believe that the 
model can increase competency among the resi-
dents/fellows. All other questionnaire items 
received high response rates (minimum 87%), 
regarding the reality of the model, whether the 
model helps teach how to harvest different flaps/
grafts and different reconstruction methods, the 
reality of the fluid pulsation, and the development 
of hand-eye coordination.

Construct validation is an objective test of 
simulator power, to identify the quality of the 
model to differentiate between participants 
according to proficiency levels. The model 
showed high construct validity, with a statisti-
cally significant difference (p-value <0.001) 
when comparing the performances of partici-
pants according to their general and specific sur-
gical skills (GRSOP and SBRS). This validity 
confirms the assumption that the performance 
associated with a high-proficiency level under 
real conditions will be similar during the simula-
tion and vice versa.

39.2.4  Limitations

The model lacks CSF pressure measurements, 
which could help determine the actual intracra-
nial pressure after the reconstruction. We opted 
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not to add a CSF pressure-measuring tool because 
doing so would increase the complexity of the 
model. Additionally, under real conditions, the 
surgeons do not measure the pressure after the 
reconstruction. The closure of skull base defect 
depends mostly on the healing process rather 
than the intracranial pressure fluctuation. The 
healing can take days after the surgery, which is 
not applicable in the simulation model that 
requires a prompt watertight closure. This model 
relies on the amount of fluid, rather than the pres-
sure to confirm the watertight closure, which is 
the rationale for the use of control holes that 
allow the fluid to drain when the intracranial 
space is full. Another limitation is lacking the 
dedicated instruments used for skull base recon-
struction that are available for human use but not 
for cadaver dissection.

39.3  Other Models

The first simulation model for skull base recon-
struction was developed by a group of research-
ers from the University of South Carolina in 
2017. They performed a cervical laminectomy 
and durotomy, followed by the insertion of an 
arterial catheter into the intradural space for 
Intrathecal perfusion of fluorescein-infused 
saline into the ventricular/subarachnoid space [8, 
9]. The model has been validated for different 
neurosurgical procedures, as well as skull base 
reconstruction. The significant limitation of this 
model that it was based on full-body human 
cadavers, which are difficult to obtain for regular 
educational programs. Our model in 2018 over-
comes this limitation by utilizing cadaveric heads 
only to make it easier for uses in dissection 
courses [10].

In 2020, Mattavelli et  al. reported a similar 
preclinical model, in which they injected a 
fluorescein- dyed fluid in the subarachnoid space 
through the cervical route. Measuring CSFL 
pressure points was the merit of the model [11]. It 
was achieved by connecting the cervical catheter 
to a vertical graded tube. Graduation of the tube 
was adapted to have the “0” value at the same 

height of the predicted skull base defect. Once 
the skull base reconstruction is done, they inject 
the fluid and measure the height of the fluid in the 
vertical tube at the level when it leaks from the 
defect. This measure is labeled as “CSF leak 
pressure point.” However, the authors concluded 
that correlation between the expert surgeon’s 
impression and the measured CSF leak pressure 
point was suboptimal.

Muhamed et al. in 2021 evaluated the use of a 
three-dimensional (3D) printed, anatomically 
accurate model to simulate CSF leak closure 
[14]. The volunteers (Thirteen otolaryngologists 
and eleven neurosurgeons) performed two ses-
sions of skull base repair. They showed signifi-
cant improvement in the surgical skills; time to 
close the defect and an increase in confidence 
after the second attempt.

In conclusion, the CSFL simulation models 
allow trainees to perform multiple skull base 
reconstructions, using different techniques and 
materials, under conditions similar to live surger-
ies. These models could be implemented in the 
training curriculum for rhinology, neurosurgery, 
and skull base surgery.
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Patient Advocacy and Medicolegal 
Issues In CSF Rhinorrhea

Jonathan R. Mallen, Eric H. Holbrook, 
and Seth M. Brown

40.1  Informed Consent

The importance of informed consent is derived 
from the ethical principle of patient autonomy. 
Given the significant difference of medical knowl-
edge and power differential inherent to the patient–
doctor relationship, there is ample opportunity for 
physicians to guide their patients’ decision mak-
ing. For surgeons, this includes understanding 
both the underlying medical knowledge as well 
as patients’ values to help them decide when to 
undergo surgery and perhaps just as importantly, 
when not to. To do this, the surgeon must con-
currently play the role of advisor, advocate, and 
confidant. Patients are entitled to make informed 
decisions, and it is their physician’s responsibil-
ity to provide them with the requisite information 
needed to make such choices. It is helpful to view 
informed consent as a process instead of a con-
tract to be signed. To be valid, a truly informed 
consent must contain three key elements: ade-
quate information, a process free of coercion, and 

patient capacity of understanding. While the term 
“adequate” is subject to interpretation, and can 
differ culturally and geographically, it typically 
involves a standard involving what either a “pru-
dent doctor” would discuss with a patient or what 
a “reasonable layperson” would want to know 
to make a decision. Secondly, the process must 
be free of coercion—namely, the patient should 
not feel pressured one way or the other (though 
this does not necessarily preclude physician 
paternalism in the form of medical expertise and 
recommendation). Finally, the person must have 
capacity, which is loosely defined as the ability to 
both recognize that a decision must be made, and 
reflect on the risks and benefits and alternatives as 
they relate to their personal values [1].

Documentation is increasingly essential. 
Insofar as there is validity to the expression “if it 
isn’t in the chart, it didn’t happen,” it is likely par-
ticularly relevant with regards to the surgical 
informed consent. While the discussion is arguably 
more important than the documentation, it is insuf-
ficient to simply note, “risks, benefits, and alterna-
tives discussed.” These conversations should be 
explicitly documented in the same way that they 
are discussed. While time consuming, in the event 
that a patient develops a postoperative cerebral spi-
nal fluid (CSF) leak, or has a complication through-
out the course of treatment, the documentation of 
the consent can significantly affect liability. 
Demonstrating that appropriate medical therapy 
was trialed first can also stave off questions regard-
ing the necessity of the procedure. Part of explain-
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ing the proposed benefits of surgery and managing 
expectations is noting that it is imprudent, if not 
impossible, to  guarantee a cure or specific out-
come. Additionally, we recommend explicit inclu-
sion of the phrase “risks include but are not limited 
to ‘need for additional surgery’, CSF leak, and 
meningitis” in the consent for sinonasal proce-
dures. These complications have specifically been 
cited in malpractice cases alleging that failure to 
discuss them constituted consent inadequacy. In 
regards to the use of repair grafts, it is good prac-
tice to inform the patient of possible graft material 
such as acellular dermis from human cadavers or 
membranes synthesized from animal tissue (por-
cine or bovine) since religious, cultural, or ideo-
logic beliefs should be respected and adhered to.

Some physicians worry that listing rare, but 
potentially very serious complications may cause 
patients undue anxiety, but this does not appear to 
be the case [2]. This is particularly true when the 
patient is counseled on what to expect in the 
event of a given complication and how that would 
subsequently alter the treatment plan and long- 
term outcomes [1]. There are notable geographic 
differences based on country of practice. 
Historically, a formal consent form was not 
signed in France, Sweden, or the Netherlands, 
though they tended to document a discussion 
took place. Conversely, in Germany, documenta-
tion is required even for notably atypical severe 
complications, such as MI following local anes-
thetic injection [3]. In any case, even with patients 
who request to “leave the decision” in the sur-
geon’s hands and are quick to sign the form, it is 
the physicians responsibility to ensure the patient 
has understood all aspects of the discussion.

Patient comprehension and recall of the con-
sent process tends to be poor. Despite a 97% satis-
faction rate with his consent process, Godwin 
found that on average patients could only recall 
25% of discussed potential complications with a 
maximum of 50% observed [4]. It is a matter of 
preference which member of the surgical team 
obtains the consent and the American College of 
Surgeons goes so far as to explicitly state that the 
surgeon “responsible for obtaining informed con-
sent from the patient need not personally obtain 
the patient’s signature on the consent form.” [5] 

Irrespective of the specific team member obtaining 
consent, in order to maximize comprehension, it is 
recommend that 15–30 min is needed for the aver-
age patient, though this clearly differs based on a 
host of patient and procedure-specific factors [6]. 
Supplemental information sheets can be helpful to 
standardize consent among patients, increase 
patient recall, and serve as further documentation 
of the consent process [7]. Along these lines, a 
printed or digital copy of post-op instructions on 
signs/symptoms of potential complications such 
as CSF leak can decrease the delay in postopera-
tive patient recognition of relevant issues.

Since first described in 1985, Functional 
Endoscopic Sinus Surgery (FESS) has come a 
long way. Not only have complication rates for 
standard procedures decreased in the last 30 years, 
but our understanding of the risks of surgery are 
also better appreciated, even as the rate of injury 
has decreased. Current rates of CSF leak for FESS 
have been estimated to be as low as 0.17% at a 
high volume center, though rates of occult leak 
with spontaneous closure have been estimated at 
closer to 3% [8, 9]. In 1994, 76% of otolaryngolo-
gists regularly discussed the risk of CSF leak with 
patients [10]. By 2002, this number appropriately 
increased to greater than 99% [11].

With the advent of endoscopic techniques, 
patients are able to avoid the added morbidity of a 
craniotomy for many skull-base procedures. While 
the potential for improved outcomes and lack of 
incisions are no doubt a positive for patients, they 
can lull a patient into underestimating the risks of 
a skull-base procedure in a way which would be 
difficult to do with an open approach. It is thus 
perhaps even more vital for surgeons performing 
such minimally invasive approaches to stress that 
the risks include, but are certainly not limited to, 
CSF leak, meningitis, brain abcess and hemor-
rhage. Additionally, in regards to endoscopic 
skull-base approaches, the patient must also under-
stand the degree of surgery “hidden” by the nose. 
It should be clear that although there may be no 
external incisions or bruising, the extent of surgery 
is significant requiring similar lengths of post-op 
recovery as with craniotomy.

It is important to resist any urge to alter docu-
mentation after the fact, a practice known legally 
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as record spoliation. From a legal perspective, 
this is considered a premeditated act exposing the 
physician to punitive damages in addition to mal-
practice. Not only is this fraudulent and unethi-
cal, it is also easily uncovered by time stamps in 
electronic health records or analysis by handwrit-
ing experts. Such punitive damages have 
exceeded $1 million previously, and may not be 
covered by malpractice insurance. Further, it can 
lead to disciplinary action from professional 
boards and medical licensing authorities, includ-
ing license revocation [12, 29].

40.2  Intraoperative Tools

The use of intraoperative navigation has expanded 
rapidly in recent years as technological advances 
have made CT and MRI-guided surgery more 
accurate, user-friendly, and cost effective. There 
are clear potential benefits including identification 
of critical structures, particularly in patients with 
altered anatomy such as those who have under-
gone prior surgery. The American Academy of 
Otolaryngology Head and Neck Surgery (AAO-
HNS) endorses the use of image guidance for 
complex cases including in the treatment of 
patients with CSF rhinorrhea, skull-base pathol-
ogy, extensive polyposis, and a history of prior sur-
gery, as well as in patients with posterior ethmoid, 
frontal, and/or sphenoid pathology. Importantly, 
the official position statement stresses that this is 
not intended as a mandate, a standard of care, or 
medical/legal advice [13]. The decision to forgo 
the use of navigation does not appear to be a risk 
factor for litigation in cases which result in iatro-
genic CSF leak [14]. While many surgeons prefer 
to use navigation during surgical repair, it is not 
strictly necessary in every situation from a patient 
care nor medicolegal perspective. Conversely, 
having on-demand access to the images as needed, 
such as on a computer in the operating room, has 
been implicated in legal proceedings before and is 
more difficult to justify forgoing [15].

Fluorescein can safely and effectively be used 
intrathecally to localize CSF leaks and/or ensure 
water-tight closure [16]. At higher doses or con-
centrations, however, it can be neurotoxic owing 

to chemical irritation of the meninges [17]. It is 
for this reason that the drug package insert 
includes an advisory warning against intrathecal 
use despite its demonstrated safety and efficacy 
profile [16, 17]. Of note, the US Food and Drug 
Administration (FDA) neither approves nor con-
demns its usage. FDA approval of a medication 
for a specific indication is notably not required 
for doctors to use it to treat patients, however the 
potential harms of its use should be noted and 
communicated to the patient. Many physicians 
thus include the off-label use of intrathecal 
flourescein in the informed consent process.

40.3  Communication After 
Iatrogenic Leak

Disclosure of an error can be frightening and 
humbling for a physician. Patel et al. propose an 
outline for a straightforward approach [18]. The 
first step typically comes at the conclusion of a 
procedure once an error is identified. Disclosure 
should occur as soon as is reasonably possible, 
even if not all information is yet available. The 
communication process following a medical 
error such as an iatrogenic CSF leak is a contin-
ual one and patients and their families should be 
told as much. Failure to do so, or delegation of 
such a task to another team member, can lead to 
feelings of resentment by the patient, in addition 
to raising concerns about the motives and trans-
parency on the part of the surgeon. The initial 
conversation in particular should focus on facts 
available, and avoid the temptation to speculate 
as to prognosis or fault [1]. Next, one should 
explain in simple terms how and why an injury 
occurred. An explanation of the plan of action 
should follow with the understanding that the 
plan may involve additional team members and 
may change over time. There should be a low 
threshold for involving neurosurgical consulta-
tion for the patient either during surgery or in the 
immediate post-op period. Not only is this good 
medical-legal practice, but it can assure proper 
and timely care for the patient at a time when the 
surgeon may unconsciously minimize the extent 
of the complication.
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It is important during this process to continu-
ally provide emotional support. Patients’ nega-
tive feelings should be openly acknowledged and 
legitimized. It is never easy for patients and their 
families to hear about complications, but this is 
likely even more challenging for patients under-
going FESS given its elective and outpatient 
nature, and the historically high satisfaction rates. 
Finally, apologize without assigning blame. 
Patients and family members expect and appreci-
ate an apology following an adverse outcome 
[19]. While there are conflicting viewpoints on 
whether this suggests an admission of guilt [20, 
21], it is entirely feasible to structure an apology 
in a way which acknowledges the patient’s feel-
ings without admitting culpability. Body lan-
guage can be exceedingly important, particularly 
the decision to sit down next to a patient. This 
simple act leads patients to rate interactions as 
being longer and more meaningful, and to con-
sider their physicians to be more compassionate 
and accessible [22, 23].

The importance of patient relationships and 
communication to preventing lawsuits cannot be 
overstated [24]. With regard to medical quality, in 
some ways, patient perception is more relevant 
than reality—objective measures of medical care 
quality correlate poorly with patient satisfaction 
[1]. Strong rapport between doctors and patients 
on the other hand, is independently associated 
with patient perception of physician competence. 
Further, a good relationship is associated with 
decreased patient perception of physician respon-
sibility for an adverse outcome as well as 
decreased likelihood of litigation [24]. That is not 
to suggest that actual quality is unimportant, but 
rather that the importance of a strong relationship 
with patients should not be underestimated.

The level of communication with the patient 
and their family should be dependent on an 
understanding of the patient’s desires and fears. 
Particularly with CSF leak, the fear of the 
unknown with regard to potential neurological 
sequelae are often more distressing than the 
actual physical manifestations. It is important to 
avoid isolating oneself from the patient. In addi-
tion to the moral obligation to be available to our 

patients, particularly those with iatrogenic injury, 
it is notable that patients and family who feel 
abandoned are more likely to sue [18]. Conversely, 
it can come across as disingenuous interest when 
a physician suddenly is smotheringly attentive. 
Follow-up office visits and phone calls should be 
appropriate for proper medical care of the patient 
without appearing over-attentive.

With regard to the disclosure of asymptomatic 
complications such as in the case of a CSF leak 
identified and repaired intraoperatively, some 
physicians may be inclined to be less forthcom-
ing, believing that doing so may invite unneces-
sary scrutiny. Such obfuscation is difficult to 
justify ethically and is potentially a violation of 
the American Medical Association’s Principles 
of Medical Ethics [25]. Additionally, this strategy 
is often ultimately self-damaging, as patients are 
more understanding of errors which are disclosed 
honestly, directly, and in a timely manner. In fact, 
this was a protective factor against eventual liti-
gation and from a risk management perspective 
when compared to patients who learned of com-
plications through other means [26–28].

Finally, we should consider the needs of the 
surgeon who would be best served avoiding 
self- isolation during a vulnerable time. Research 
shows that the doctor is often the second victim 
after a medical error [29]. Shame, and fear of 
retribution, litigation, or damage to reputation 
can lead doctors to withdraw from the patient 
and their colleagues. Such isolation can lead to 
counterproductive decisions such as attempting 
to hide errors, which often serves only to com-
pound mistakes. It is important to understand 
which kinds of professional communication can 
be helpful versus those which may be damag-
ing. Formal discussion of errors with colleagues, 
as occurs in a Morbidity and Mortality confer-
ence, is importantly immune from legal discov-
ery and should be considered a safe space to 
solicit objective advice on managing a compli-
cation. This legal exemption does NOT, how-
ever, have blanket applicability to most other 
formal and  informal communications with col-
leagues when discussing specific case-related 
details of a case.
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40.4  Legal Considerations

40.4.1  Logistics

In the United States, for doctors practicing in 
high-risk specialties, which encompasses sur-
geons operating near the skull-base, litigation is 
all but a guarantee. Such doctors have an 88% 
likelihood of being sued before the age of 45, and 
a 99% chance of being sued for malpractice at 
some point in their careers [30]. When consider-
ing just neurosurgeons, this rate is even more dra-
matic, as this group traditionally has an annual 
risk of lawsuit of 19% [30]. It is worth noting that 
even among patients who have suffered injury 
from negligent care, the litigation rate is a meager 
1.53% (CI 0–3.24%) [31]. A similar study found 
such litigation rates to be 2.5% (CI 0.1–4.9%) 
with a modest increase to 3.8% when considering 
patients with significant or major disability [32].

Legal precedent and norms are notably 
regional in their application and impact. We will 
herein focus on the United States (US), with the 
understanding that there are considerable differ-
ences seen in other countries (which often have 
out-of-court, no-fault systems) and even between 
jurisdictions within the US.  Malpractice law is 
based on the historical English Common Law 
[33]. Put simply, court rulings are based on his-
torical precedent, applying similar reasoning and 
decisions from past comparable cases when pos-
sible. These rules have been influenced over time 
by legislative actions as well. Malpractice law is 
under the authority of individual states (Veterans 
Affairs care notwithstanding), leading to notable 
geographic differences, though most states have 
significant overlap in their underlying principles.

Medical malpractice suits require proof that 
care was provided negligently and that this care 
resulted in harm. To prove negligence, four ele-
ments must be demonstrated. (1) A professional 
duty was owed to the patient, (2) this duty was 
breached through a violation of the standard of 
care, (3) injury was caused by that breach of duty, 
and (4) damages resulted from said breach of 
duty [33, 34]. Element one is implicit with any 
physician–patient relationship. The standard of 
care is regionally determined and is based on 

what a reasonable, similarly-situated physician 
would do in the same scenario. This is tradition-
ally determined by expert testimony. There is 
also a variable time constraint on when a suit can 
be filed with relation to the alleged malpractice, 
known as the statute of limitations.

Plaintiffs’ lawyers are typically hired on con-
tingency and are only paid if they secure an 
award. Because of this payment structure, there is 
a disincentive to file suits in which they feel they 
are unlikely to prevail. These decisions are made 
by individual legal firms and are based on how 
similar cases have historically been decided, with 
outcomes often recorded in public legal data-
bases. Defense lawyers alternatively are typically 
assigned and paid for by the insurance company. 
Nearly all malpractice trials are decided by a jury, 
as opposed to by a judge. The standard of proof is 
“more likely than not” or “preponderance of the 
evidence” which is easier to prove than the stan-
dard for criminal trials which require “proof 
beyond a reasonable doubt.” [33] Post-trial 
appeals are rarely successful [33]

The process of case selection often starts with 
evidence of a disability and works backwards 
through the use of medical record discovery to 
determine whether there was antecedent negli-
gence leading to harm or if the case is frivolous. If 
the plaintiffs feel there is a case to be made, the 
case will proceed and will eventually reach deposi-
tion, which is sworn testimony, recorded outside of 
court in a mutually agreed upon setting, commonly 
the defendant doctor’s office. The goal of this 
arrangement is to have both parties come to an 
understanding of the facts and merits of the case 
early in the process. This is by design to encourage 
out of court settlement, potentially saving all 
involved parties substantial time, money, and stress, 
and to reduce the risk associated with an uncertain 
outcome. This is not fool- proof however, as a study 
of cases from five different liability insurers found 
that 37% of malpractice cases brought were frivo-
lous, in that they did not involve any medical errors. 
Such claims, while less likely to result in compen-
sation, still accounted for 13–16% of the system’s 
total monetary costs. Notably, 54 cents of every 
dollar spent on patient compensation goes toward 
administrative costs [35].
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Unfortunately, the only factor correlated with 
payment in a malpractice suit is extent of disabil-
ity; specifically, there is no correlation appreci-
ated between payment to the plaintiff and history 
of any adverse event (injury sustained secondary 
to medical treatment) [36]. Shockingly, this is 
true regardless of the presence or absence of neg-
ligence. While it may be expected that a portion 
of lawsuits are initiated in response to a subopti-
mal outcome with discovery used to determine 
the merits of a suit, absence of negligence or even 
of adverse event were not protective [36]. 
Notably, there is a degree of selection bias as 
cases settled early in the process or quickly 
dropped by the plaintiffs are inherently not 
included in the public record.

40.4.2  Financial Considerations

Like many aspects of the American medical sys-
tem, the malpractice system and risk pooling 
are largely handled within the private domain. 
Malpractice insurance rates and availability have 
fluctuated significantly over time. As with many 
other types of insurance, the financial viability 
lies in the timing discrepancy between when 
premiums are received and when claims are paid 
out. Even a company which pays out a similar 
amount in claims as it collects in premiums is 
able to invest this money and collect interest 
in the intervening years. In the 1970s, the West 
entered an economic recession and interest rates 
fell. This occurred at a time when malpractice 
claims were increasing nationally and many 
insurers abandoned medical malpractice mar-
kets. The task of insurance fell largely on pro-
fessional societies, state run Joint Underwriting 
Associations, and publicly administered pro-
grams which offered umbrella coverage. In the 
1980s commercial insurance was more widely 
available but rates for premiums climbed dra-
matically [37]. Since that time, malpractice fil-
ings have continued to increase. The reasons 
for this are myriad but include a litigious soci-
ety, improvements in medicine and subsequent 
increased patient expectations with regards to 
outcomes, and a relatively new (over several 

decades) willingness of physicians to act as 
expert witnesses and testify on behalf of plain-
tiffs. Outlier awards, while uncommon, have 
reached into the hundreds of millions of dollars. 
This makes it difficult for even large insurance 
companies to adequately prepare and ultimately 
increases premiums and makes malpractice cov-
erage for physicians a costlier and riskier finan-
cial proposition. Employed physicians often 
have their insurance premiums covered, though 
it is worth noting that from an employers’ per-
spective, this is included in the total calculated 
compensation and benefits package, such that 
over time if insurance rates rise, other compen-
sation is likely to decrease commensurately.

Importantly, malpractice insurance rates are 
tied to both geographic location as well as type of 
practice. Perhaps not surprisingly, neurosurgeons 
most commonly have the highest premiums, sur-
passing even high-risk obstetricians. General oto-
laryngologists can expect significantly lower 
premiums in line with the median of all medical 
specialties [38] Malpractice administration in the 
US has substantial financial cost. In 1991, the 
World Bank estimated the annual cost at $4.9B 
[39] By 2003, that cost was estimated to have 
grown by 29% to $6.3B in addition to an esti-
mated $60-108B in unneeded medical care pro-
vided in the practice of defensive medicine [40]. 
Furthermore, there are substantial indirect costs 
of even an unsuccessful lawsuit which include 
time lost, stress, and damage to reputation and 
mental health.

Malpractice monetary awards typically take 
into account both economic and noneconomic 
damages. Economic damages are comparatively 
straightforward and encompass such factors as 
income lost from inability to work, and further 
medical bills accrued. Loss of future income is 
calculated by projecting a patient’s pre- and post- 
injury income prospects over a lifetime, which 
can add up quickly for a younger patient with a 
high income potential. It is perhaps not surprising 
then that the elderly and the poor have tradition-
ally been less likely to bring suit [32].

Noneconomic damages are often more con-
tentious and involve more nebulous calculations 
of the monetary cost of “pain and suffering.” In 
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the case of CSF leak with subsequent neurologic 
insult, a given patient could claim pain and suf-
fering compensation for loss of enjoyment from 
not being able to play tennis or cook, mental 
anguish from being injured, the cost of poten-
tially life-long neurogenic pain, and loss of social 
contact with friends. This is in addition to poten-
tial claims by family members who are legally 
entitled to seek compensation as a result of dam-
age to their relationship with their spouse or par-
ent. This is known as loss of consortium. This 
component of awards is naturally more abstract 
and subjective with a very wide array of possible 
outcomes for any given jury. The movement to 
regulate these noneconomic damages is referred 
to as tort reform. Evidence suggests such efforts 
to cap noneconomic damages reduce malpractice 
premiums with the potential to decrease medical 
costs associated with defensive medicine and 
encourage doctors to practice in a given area [41, 
42]. The data is not unanimously in support of 
this notion however [43]. Predictably, it is diffi-
cult to isolate the extent to which fear of litigation 
discourages surgeons from operating on, and car-
ing for patients with complex medical issues such 
as skull-base tumors or CSF leaks.

40.4.3  Legal Outcomes by Type 
of Surgery

Rhinology is the most litigated field within oto-
laryngology with claim numbers continually 
increasing over time [44]. Rhinologic claims 
compromise 70% of all otolaryngological indem-
nity compensation paid out, with most cases 
involving FESS [45, 46] examining lawsuits 
stemming from endoscopic sinus surgery over 
a 15 year period, Lynn-Macrae et al. found that 
CSF leak was the cause of lawsuit in 10% of all 
cases reported. In lawsuits brought secondary to 
iatrogenic injury, CSF leak was the single most 
common injury implicated, with a prevalence of 
24%. Informed consent inadequacy was claimed 
in 37%, and unnecessary surgery alleged in 
27%, which is in line with previously reported 
rates 47–49. Recent work by Tolisano utilized 
the legal database LexisNexis Jury Verdicts and 

Settlements. Their work found that two-thirds 
of all rhinology malpractice cases had an unfa-
vorable outcome for the defendant. Half of their 
identified cases were settled, with out-of-court 
settlement payments averaging $1.3Million, as 
compared with $2Million for jury verdicts [45].

Kovalerchik utilized another preeminent legal 
database (the Westlaw legal database, Thomson 
Reuters, New York, NY) to specifically examine 
lawsuits brought as a consequence of iatrogenic 
CSF leaks [47]. Their group identified 18 lawsuits 
from 1990 to 2010. Notably, these include only 
cases which made it to trial, though cases which 
were resolved prior to judgment are included in 
the database. Of these, 10 were decided in the 
defendant’s favor, two were decided in the plain-
tiff’s favor, and 6 were settled out of court. Mean 
damages awarded for cases were approximately 
$1M regardless of whether it was decided in 
court or settled before trial. 78% of these suits 
involved patients who had undergone endoscopic 
sinus surgery. The most frequent alleged fac-
tors cited for litigation were need for additional 
surgery (88.9%), meningitis (50%), and failure 
to recognize complications in a timely manner 
(44.4%). Additionally, allegations of the ini-
tial procedure being unnecessary and informed 
consent inadequacy were cited in one-third of 
cases each [47] Importantly, CSF leaks identified 
intraoperatively and repaired without neurologic 
sequelae, rarely result in litigation [50].

When considering litigation for cases involv-
ing the anterior skull-base, only 33% are related 
to surgical intervention with the rest related to 
missed or delayed diagnosis [51]. Wang et  al. 
found that of the surgical cases, permanent 
injury (17%) and intraoperative complications 
(13%) were among the most commonly alleged 
factors prompting litigation. Thirty percent of 
cases were settled out of court for an average of 
$2.5M.  Of the remaining 16 cases, 13% were 
decided in the plaintiff’s favor for an average of 
$11.9M and 57% of cases were decided in the 
defendants favor. There was no statistically sig-
nificant difference based on open versus endo-
scopic approach.

When looking at legal outcomes for all oto-
laryngology cases, a trend was found between 
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the patient’s age and likelihood of negative out-
come for the defendant, such that pediatric 
patients were more likely to successfully obtain 
compensation (80% vs. 52.2%, respectively). 
Despite increased likelihood of legal success by 
the plaintiff’s representing pediatric patients, the 
total amount of compensation was irrespective 
of age [52].

40.5  Conclusion

Patients with CSF rhinorrhea are often medically 
complex and require multidisciplinary treat-
ment. To provide comprehensive care, we are 
tasked with understanding not just the medical 
and technical details, but also the ethical and 
medicolegal nuances involved. Much of the 
information covered in this chapter, particularly 
regarding consent, relationships with patients, 
and disclosure of adverse events, is widely appli-
cable. While the legal landscape can seem daunt-
ing, the fact that most skull-base surgeons will 
almost certainly be affected at some point in 
their careers, should serve as motivation to 
understand the medicolegal environment of our 
time. For our patients’ sake, we should strive to 
avoid making medical decisions rooted predomi-
nantly in fear of litigation and remember that 
clear communication with our patients ulti-
mately results in better care and stronger patient–
physician relationships.
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