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Foreword

Before I reviewed the book, I could not help wondering whether the scope was too 
narrow for a book of this size. I was completely and totally wrong. Firstly, the 
authors have done a magnificent job of bringing together the disciplines of both 
neurosurgery and otolaryngology with the leading authors that they chose. The 
book will be an important reference for surgeons in both specialties. Secondly, the 
work is particularly relevant, because the appropriate diagnosis and management of 
CSF leaks has changed dramatically, has major potential complications, and at 
least from the otolaryngological standpoint, has become a significant issue 
medicolegally.

The endoscopic closure of CSF leaks was first formally described in 1989, 
although Wigand had made a reference to it well prior to that point in time [1–3]. 
Since the first formal descriptions of endoscopic closure, the appropriate manage-
ment of anterior, middle, and posterior fossa CSF leaks has been radically trans-
formed, in terms of diagnosis, when to operate, and in terms of the preferred surgical 
approach. Accordingly, this book is very timely in terms of bringing every otolaryn-
gologist and neurosurgeon up to date. Whereas previously the morbidity from CSF 
leak closure performed from above was high, with endoscopic techniques the mor-
bidity from the closure itself is now typically minimal. This morbidity reduction has 
called into question the appropriateness of conservative or medical management in 
the absence of associated intracranial injuries, and this is one of the most important 
evolutions. Additionally, with the epidemic of obesity, the frequency of spontaneous 
CSF leaks appears to likely be on the rise, making the importance of dealing with 
this issue and skull base meningoencephaloceles ever more important. Finally, the 
ever-increasing opportunity to manage skull base lesions extracranially has created 
increasingly large skull base defects.

The text starts with an overview of the anatomy of both the anterior and lateral 
skull base, and then discusses CSF physiology and leak diagnosis, anterior and lat-
eral skull base pathologies, repair materials and anesthesia. There are separate sec-
tions for anterior and for lateral base reconstruction. In addition to free grafts and 
vascularized flaps, there are chapters on free flaps and the management of posterior 
fossa defects. I was also delighted to see that the authors have included chapters on 



viii

both anterior and lateral skull base approaches, as well as anesthesia during skull 
base reconstruction and CSF diversion. In terms of reconstructive techniques, in 
addition to free grafts and vascularized flaps, the work also contains chapters on 
extracranial and microvascular repairs. One of the most difficult areas to repair, 
clival and craniocervical junction defects, has an excellent chapter for the manage-
ment of such frequently high flow defects. This chapter carefully elucidates the 
options for multilayer reconstruction, the importance of judicious packing in the 
region, and additional options when a vascularized posterior septal flap is not avail-
able. Overall, the book is comprehensive in its approach and truly a multidisci-
plinary work.

The dramatically reduced morbidity and higher closure success rates associated 
with extracranial repair have tipped the scales in favor of surgical closure of leaks, 
and at an earlier point in time than had previously been considered appropriate. It is 
important that all specialists in both otolaryngology and neurosurgery are aware of 
this significant shift, as well as of the most applicable approaches for CSF leak clo-
sure. Failure to manage this issue appropriately can be devastating to the patient and 
raise questions of appropriate standard of care. During my career as a rhinologist/
skull base surgeon, I have been asked to get involved in a number of medico-legal 
cases, where the creation, diagnosis, or management of a CSF leak has been the 
major focus. Inaccurately believing that the success rate for closure is higher with 
an intracranial approach, utilizing outdated diagnostic tests, and inappropriately 
managing an iatrogenic CSF leak have all been issues that can be difficult to defend. 
However, more importantly, with the increasing use of extracranial approaches to 
skull base lesions, the defects created have become significantly more sizeable and 
it is important to be familiar with different closure options available today.

I am delighted with the way that the authors have utilized a comprehensive mul-
tidisciplinary approach in putting this text together. I believe that it will be the defin-
itive text on this issue for years to come and I hope that it is read by all otolaryngologists 
and neurosurgeons. It is an important book even among those not performing skull 
base surgery, as traumatic and iatrogenic CSF leaks can present unexpectedly and it 
is critical for our patients that they are managed appropriately and with some confi-
dence on the part of the treating surgeon.

University of Pennsylvania David W. Kennedy
Philadelphia, PA, USA
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Preface

The skull base poses a unique challenge to the medical community, as it is a highly 
anatomically sensitive area at the intersection of multiple disciplines. The tradi-
tional problem of accessing or approaching the skull base has largely been circum-
vented with the advent of multiportal techniques, including open, endoscopic, 
other minimally invasive, and combined means, and our ability to deliver appropri-
ate treatment has also improved with advances in surgical and nonsurgical modali-
ties. However, a longstanding problem in skull base surgery is reconstruction, 
which may challenge even the most experienced of surgeons, for which there is 
currently no dedicated text. The importance of skull base reconstruction cannot be 
understated to prevent patient morbidity and to restore normal physiologic function 
surrounding the brain and meninges, sinonasal cavity, temporal bone, and aerodi-
gestive tract.

To fill this gap, we pooled our academic interests and expertise and proposed the 
first edition of this text. There is currently no updated book uniquely dedicated to 
the topic of skull base reconstruction. We hoped to create a centralized, multidisci-
plinary, comprehensive, and balanced text that would allow readers to access all 
queries on this developing topic. We were fortunate to have been able to invite a 
truly stellar group of multidisciplinary authors, all of whom have academic and 
clinical focus areas in skull base reconstruction, to share their expertise and experi-
ences on various topics. The first section is dedicated to basic principles, anatomy, 
physiology, imaging, and anesthetic considerations. The second and third sections 
discuss pathological processes which lead to cerebrospinal fluid leaks and the need 
for skull base reconstruction within the anterior and lateral skull base, respectively. 
The fourth and fifth sections focus on anterior and lateral skull base reconstruction, 
respectively, with attention to reconstruction techniques and strategies for managing 
each defect type. The sixth section comprehensively reviews postoperative care and 
management strategies, where there is high variability and limited evidence, and is 
intended to present multiple perspectives and provide experiential guidance on this 
topic. The final section highlights developments, research, and emerging ideas.
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The intended audience of the book includes skull base surgeons, otolaryngolo-
gists, neurosurgeons, medical and radiation oncologists, radiologists, pathologists, 
ophthalmologists, endocrinologists, neurologists, trauma physicians, and emer-
gency physicians, and trainees and students in all of those areas. We hope that our 
efforts will provide a user-friendly and informative resource for this exciting area, 
and further stimulate curiosity in how we can improve the status quo.

Irvine, CA, USA Edward C. Kuan  
Chicago, IL, USA  Bobby A. Tajudeen  
Irvine, CA, USA  Hamid R. Djalilian  
Irvine, CA, USA  Harrison W. Lin   
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Chapter 1
Anterior Skull Base Anatomy

Sarah Khalife, Rickul Varshney, and Rohit Garg

 Introduction

An increasing shift from open approaches to less invasive endoscopic techniques for 
surgical treatment of sinonasal and skull base pathology has taken precedence over 
the last 30 years. It was in the 1990s that the first endoscopic surgery team of oto-
laryngologists and neurosurgeons was created [1]. Subsequently, endoscopic access 
gained popularity and has now become the mainstay of treatment for many sinona-
sal and anterior skull base pathologies with fewer complications and good outcomes 
[2]. For the endoscopic surgical team, knowledge of the complex anatomy of the 
nasal cavity, orbit, and anterior skull base and its many variations is essential to 
ensure proper surgical resection while avoiding devastating complications of sur-
rounding structures [3]. In this chapter, we discuss their important anatomical fea-
tures and key surgical landmarks to remain safe during endoscopic surgery.
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 Nasal Cavity

Nasal septum: The nasal septum is separated into an anterior cartilaginous part and 
a posterior bony portion formed by the maxilla, vomer, and perpendicular plate of 
the ethmoid bone [4]. It is important to assess the anatomy of the nasal septum both 
on physical exam and on preoperative imaging in order to identify a septal devia-
tion, a septal spur, or, rarely, pneumatization of the posterior septum [3]. These 
anatomic abnormalities can hinder proper access and visualization during surgery, 
thus increasing the risks of complications. A 26–97% prevalence of septal anoma-
lies has previously been reported [3]. In the latter cases, one would proceed with a 
septoplasty to optimize endoscopic visualization and maximize space for the surgi-
cal instruments.

Lateral nasal wall (Fig. 1.1): The lateral nasal wall is formed by the uncinate 
process; the inferior, middle, and superior turbinates; and occasionally supreme 
turbinate. The embryological origin of these structures is from the ethmoturbinals 
that appear by the tenth week of gestation and develop over time into ridges with 
ascending and descending portions [5]. Each ethmoturbinal and its final anatomical 
structure are listed in Table 1.1. However, there is much debate on the accuracy of 
each of these embryological associations which varies from one source to 
another [5].

The uncinate process is an extension of the ethmoid bone that is sickle-shaped 
in a sagittal plane [5]. It is attached anteriorly to the lacrimal bone and inferior- 
posteriorly to the inferior turbinate and palatine bone, and superiorly, six alterna-
tive attachment points have been reported [5]. The most common superior 
attachment is to the lamina papyracea which shifts the frontal drainage pathway 
lateral to the uncinate and into the middle meatus [4, 5]. Attachments to the skull 

a b

Fig. 1.1 Lateral nasal wall cadaveric image in sagittal view. (a) The inferior, middle, and superior 
turbinates can be seen protruding from the lateral nasal wall. Posteriorly, above the sphenoid, an 
Onodi cell can also be seen. (b) The second portion of the middle turbinate (white double-line) in 
coronal plane separates the anterior and posterior ethmoid air cells. The third portion in axial ori-
entation is shown as an orange double-line. (With permissions from Peris-Celda et al. 2019)

S. Khalife et al.
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base and middle turbinate are less common, and both lead to frontal sinus drain-
age into the ethmoid infundibulum [4, 5]. The ethmoid infundibulum is bordered 
medially by a 2-D structure known as the hiatus semilunaris. The latter is formed 
by the uncinate process antero-inferiorly and the ethmoid bulla postero-superi-
orly. From a surgical standpoint, it is important to determine the uncinate’s lateral 
distance from the lamina papyracea and to identify its superior attachment, as this 
may alter the frontal drainage pathway as mentioned above [5]. Anatomical varia-
tions of the uncinate process must also be identified preoperatively and can 
include its pneumatization, paradoxical shape, medialization, atelectasis, absence, 
and its different attachment points [5, 6]. Atelectasis increases the risk of orbital 
injury during uncinectomy, while pneumatization can lead to sinus obstruc-
tion [6].

The inferior turbinate is known to have a separate embryological origin and 
becomes its own separate bone that develops by endochondral ossification [7]. 
Beneath each turbinate lies an anatomical space known as a meatus, into which 
drain different components of the nasal cavity. The inferior meatus lies beneath the 
inferior turbinate and receives drainage from the nasolacrimal duct via Hasner’s 
valve [5, 6]. The middle meatus is an anatomical space beneath the middle turbinate 
that drains the anterior compartment of the nasal cavity, notably the frontal sinus, 
anterior ethmoid sinuses, and the maxillary sinus [6]. The superior meatus, beneath 
the superior turbinate, drains the posterior component of the nasal cavity, including 
the sphenoid sinus and posterior ethmoids [6].

The middle turbinate merits a more detailed description of its structure, as it is 
subdivided into three parts [4]. Its first segment, visualized in the sagittal plane, is 
attached superiorly to the skull base at the cribriform plate; its second segment in 
the coronal plane (also known as the basal lamella) is attached laterally to the lam-
ina papyracea; and its third segment, in the axial plane, also inserts onto the lamina 
papyracea. Understanding the orientations of each of these segments is essential in 
order to avoid destabilization of the middle turbinate during endoscopic sinus sur-
gery and also to be able to identify the basal lamella as the landmark that separates 
the anterior and posterior ethmoid compartments [4]. In addition, anatomical differ-
ences of the middle concha include its size and shape [4], the presence of a concha 
bullosa in 15–80% of patients (Fig. 1.2a), concha bullosa mucocele or mucopyo-
cele, or a paradoxical middle turbinate [3].

Table 1.1 Embryology of 
the lateral nasal wall and their 
ethmoturbinal origin

Ethmoturbinal Final anatomical structure

First Agger nasi/uncinate process
Second Ethmoid bulla
Third Middle turbinate basal lamella
Fourth Superior turbinate (+/− supreme turbinate)

1 Anterior Skull Base Anatomy
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a b e

c d

Fig. 1.2 Anatomic variations in sinus anatomy can be seen on CT scans preoperatively. (a) Right 
concha bullosa. (b) Left haller cell. (c and d) Coronal and sagittal views of an Onodi cell. (e) 
Dehiscence of left lamina papyracea with orbital prolapse

 Paranasal Sinuses

The four pairs of paranasal sinuses are complex and have variations in pneumatiza-
tion and timing of development. Embryologically, the maxillary sinus is the first to 
start developing at 10 weeks of gestation, followed by the ethmoids, sphenoids, and 
then frontals. Sinuses are fully developed during adolescence in the following order: 
ethmoids, maxillary, and sphenoid followed by frontals, which are not even present 
at birth.

The maxillary sinus in its adult form is bounded superiorly by the floor of the 
orbit, in which the infraorbital canal and infraorbital nerve cross and inferiorly by 
the maxilla’s alveolar process [5]. Infraorbital nerve dehiscence has been reported 
in up to 14% of patients, making it a nerve structure that should be identified during 
sinus surgery and trans-antral surgeries to avoid its inadvertent injury [3, 6]. The 
maxillary sinus ostium opens within the medial wall of the sinus with a 3–10 mm 
opening through the lateral nasal wall behind the nasolacrimal duct and lateral to the 
uncinate process [5]. When performing a maxillary antrostomy, one must be cogni-
zant of the fact that the true ostium is not visible with a 0° endoscope and is hidden 
by the uncinate process. The pterygopalatine fossa is an inverted pyramidal space 
that is located posterior to the posterior wall of the maxillary sinus. Sieur cells are 
found between these two structures in 34–42% of cases [3]. Septations of the maxil-
lary sinus are also quite commonly found in 29% of patients, and other variations 
include sinus hypoplasia, aplasia, and hyper-pneumatization [3, 6]. The sinus sur-
geon must be aware of these differences, as they can increase the risk of orbital 
injury during surgery.

The ethmoid sinuses are divided into anterior and posterior compartments sepa-
rated by the basal lamella of the middle turbinate. An important landmark to 

S. Khalife et al.
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identify is the largest air cell of the anterior ethmoids, known as the ethmoid bulla 
[5]. The latter is the most constant anteriorly, where it forms the posterior edge of 
the ethmoid infundibulum and semilunar hiatus, laterally, where it attaches to the 
lamina papyracea and, medially, where the middle turbinate is a consistent land-
mark [4, 5]. However, its anatomy superiorly and posteriorly can vary depending on 
its pneumatization. Posteriorly, an air space known as the “retrobullar recess” can 
be present as an air space between the bulla and the second segment of the middle 
turbinate [5]. Similarly, the “supra bullar recess” is a potential space between the 
bulla and the skull base. However, if no air space is found, the superior border of the 
ethmoid bulla/ethmoid roof forms the posterior aspect of the frontal recess [5].

Other patterns of pneumatization of surgical importance include the agger nasi 
cell, haller cells, and sphenoethmoidal cells (Fig. 1.2). The agger nasi is known as 
the most anterior ethmoid air cell and serves as an important landmark for frontal 
sinus dissection. When an ethmoid cell pneumatized into the maxillary sinus and 
lies beneath the inferior orbital wall, this is known as a “haller cell” [5] (Fig. 1.2b). 
It can lead to maxillary sinus obstruction and can mislead the surgeon during sur-
gery if he/she is not aware of its presence. The sphenoethmoidal cell, also known as 
an Onodi cell (Fig. 1.2c, d), can also increase the surgical risk, notably to the optic 
nerve, internal carotid artery, and skull base [5]. By definition, it consists of a pos-
terior ethmoid air cell pneumatized into the superior-lateral sphenoid sinus [5].

The sphenoid sinuses are also paired and separated by an intersinus septum, 
which can occasionally insert itself onto the carotid canal in 4.7% of cases [3] or 
optic nerve. The pneumatization of the sphenoid sinuses varies and can be classified 
into conchal (Fig. 1.3), pre-sellar, and sellar, in order of least to most pneumatized 
[1]. Sternberg’s canal is an anatomic variation of the sphenoid sinus that can be 
present in 4% of the adult population and results in lateral sphenoid sinus pneuma-
tization and more specifically a defect of congenital origin [5]. A more detailed 
anatomy of the sphenoid bone and sinus will be discussed in the ventral skull base 
section.

Frontal sinus endoscopic procedures can be considered the most complex of all 
sinuses. The frontal sinus can be asymmetric when comparing both sides and can be 
aplastic in up to 33% of patients bilaterally and 7.4% unilaterally [3]. In endoscopic 
surgery, comfort with the use of angled endoscopes and instruments is necessary to 
approach the frontal sinus due to its posterior and superior location to the frontal 
beak [8]. In addition, the frontal sinus has a drainage pathway that can vary 

a b c

Fig. 1.3 Sphenoid sinus pneumatization variations on sagittal cut CT sinus: (a) conchal, (b) pre- 
sellar, and (c) sellar

1 Anterior Skull Base Anatomy
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extensively from one patient to another, notably due to the numerous air cells that 
can obstruct the frontal recess or the frontal sinus itself. The boundaries of the fron-
tal recess, into which the frontal sinus ostium drains, consist of the frontal beak 
anteriorly, the basal lamella of the middle turbinate posteriorly, the lacrimal bone 
and the lamina papyracea laterally, and the first sagittal segment of the middle tur-
binate and the cribriform plate’s lateral lamella medially [8]. Multiple classifica-
tions and their modifications over the years have been followed. The most recent 
classification published in 2016 by Wormald et  al. is “The International Frontal 
Sinus Anatomy Classification (IFAC)” [8]. This new IFAC classification separates 
cells into anterior, posterior, and medial [8]. Anterior cells consist of cells that move 
the frontal drainage pathway in a medial, posterior, or posteromedial direction and 
include the three following cells: agger nasi cell, supra agger cell, and supra agger 
frontal cell [8]. Posterior cells move the frontal drainage pathway anteriorly and 
include the three following cells: supra bulla cell, supra bulla frontal cell, and supra-
orbital ethmoid cell [8]. The frontal septal cell is the only medial cell that forces the 
frontal drainage in a lateral direction. Understanding the anatomy and the differ-
ences between these cells is vital and will allow for appropriate and safe surgery of 
the frontal sinus. A more detailed description can be found in the IFAC classifica-
tion article by Wormald et  al. [8]. It is important to note that an associated 
“Classification of the Extent of Endoscopic Frontal Sinus Surgery (EFSS)” was also 
described in the same publication [8] but will not be discussed for the purposes of 
this chapter.

 Orbit

The orbit is in very close proximity to all sinuses and is therefore a structure at high 
risk of injury during endoscopic sinus surgery and endoscopic skull base surgery. It 
lies in a bony compartment bounded superiorly by the orbital process of the frontal 
bone and the sphenoid; laterally by the frontal, sphenoid, and zygomatic bones; 
inferiorly by the sphenoid, palatine, and maxillary bone; and medially by the frontal 
process of maxilla, lamina papyracea (ethmoid bone), and lacrimal and sphenoid 
bones [9]. The lamina papyracea is normally 0.2–0.4 mm in thickness, decreasing 
in width from posterior to anterior, making it susceptible to injury and invasion [5]. 
Preoperatively, it is always important to note any evidence of dehiscence and orbital 
prolapse (Fig. 1.2e) or if the lamina is uncharacteristically medial to the maxillary 
sinus ostium, which all increase the risk of orbital injury [3, 5, 6]. The globe itself 
is surrounded by the periorbita and contains orbital fat, nerves, vessels, and extra-
ocular muscles. The extraocular muscles include the superior and inferior oblique 
muscles and the superior, medial, inferior, and lateral rectus muscles [5]. Together 
with their fibrous attachments, the rectus muscles form a ring that is anatomically 
known as the annulus of Zinn [9]. During endoscopic surgery, the medial rectus 
muscle is at greatest risk of injury due to its close proximity to the lamina papyracea.

S. Khalife et al.
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Fig. 1.4 Bony anatomy of the orbit demonstrates the superior orbital fissure (SOF) and inferior 
orbital fissure (IOF) within the posterior orbital wall formed by the sphenoid bone. The medial 
orbital wall is formed by the frontal process of maxilla (Frontal Proc. Maxilla), lamina papyracea 
(Lam. Pap.), lacrimal (Lacr.), and sphenoid bones. AEC, anterior ethmoid canal; PEC, posterior 
ethmoid canal; IO For., infraorbital foramen; Midd Turb., middle turbinate; Inf. Turb., interior 
turbinate (Modified from Peris-Celda et al., 2019)

Along the posterior orbital wall is the optic canal which courses the ophthalmic 
artery, optic nerve, and sympathetic fibers [9, 10]. Lateral to this canal are the supe-
rior and inferior orbital fissures (Fig. 1.4). The superior orbital fissure carries numer-
ous cranial nerves and vessels including cranial nerves III (oculomotor nerve), IV 
(trochlear nerve), VI (abducens nerve) V1 branches of cranial nerve V (trigeminal 
nerve), inferior and superior ophthalmic veins [9, 10]. The inferior orbital fissure 
carries the infraorbital nerve, artery, and vein [9].

 Ventral Skull Base

The ventral skull base can be described as a bony division that separates the anterior 
intracranial contents from the nasal cavity. Its boundaries can be subdivided into the 
lamina papyracea laterally, the planum sphenoidale posteriorly, and the posterior 
table of the frontal sinus anteriorly [11, 12].

If we begin anatomically from a front to back approach, the first anterior skull 
base structure that is encountered endoscopically is a part of the ethmoid bone 
known as the cribriform plate. Its boundaries consist of the frontal bone anteriorly, 
planum sphenoidale of the sphenoid bone posteriorly, laterally the middle and 
superior turbinates, and medially the nasal septum [5]. The crista galli of the eth-
moid bone attaches posteriorly to the anterior edge of the falx cerebri and divides 
the paired cribriform plates into right and left [5, 13]. Although rare, pneumatiza-
tion of the crista galli is present in approximately 13% of patients [5, 13]. Together, 
the crista galli, the cribriform plate, and the lateral lamella form the olfactory 
fossa that house the olfactory bulbs [5]. Olfactory epithelium is found in specific 
locations of the nasal cavity, notably the upper nasal septum, the cribriform plate, 
and the superior and medial portions of the superior and middle turbinates [5]. 
Multiple olfactory nerve fibers pass through the little foramina of the cribriform 
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plate to reach the olfactory bulbs and allow for the sense of smell. From a surgical 
standpoint, the lateral lamella of the cribriform is the thinnest bone of the skull 
base and is at high risk of cause of a cerebrospinal fluid leak in the anterior skull 
base [5]. In addition, it is important to remember that increased depth and asym-
metry of the olfactory fossa also increases this risk [5, 13]. The Keros classifica-
tion is most commonly used to determine this depth as described in Table  1.2 
(Fig. 1.5) [5, 13].

Between the lateral lamella of the cribriform plate and the lamina papyracea sits 
the fovea ethmoidalis (also known as the ethmoid roof) across which one can iden-
tify the anterior and posterior ethmoid arteries [5, 13]. The course of the anterior 
(AEA) and posterior ethmoid arteries (PEA) are important to understand as their 
injury can lead to significant bleeding. They both derive from the internal carotid 
artery’s ophthalmic branch and branch off between the medial rectus and superior 
oblique muscles [2]. The AEA then enters the anterior ethmoid foramen, crosses the 
ethmoid sinuses through an ethmoid canal in a slanted anteromedial direction, and 
enters the lateral lamella of the cribriform plate forming the anterior ethmoid sulcus 
[1, 5, 13]. Here, it branches into an intracranial component and a nasal component 
that supplies the septum and middle turbinate [5]. During endoscopic sinus surgery, 
the AEA is often found posterior to the frontal recess or in the suprabullar recess [1, 
5]. In more than 40% of patients [5, 6], the AEA can be found on a mesentery rather 
than within its bony canal; therefore it is very important to identify any dehiscence 
of the AEA on preoperative CT scans [5, 6] (Fig. 1.6). Its injury can lead to exces-
sive bleeding and even retroorbital hematoma. Conversely, the PEA is not at an 
increased risk of injury, as it enters the posterior ethmoid foramen and crosses the 
posterior ethmoids skull base almost always within a bony canal between the pla-
num sphenoidale and the cribriform plate [1, 5].

Anatomically, it is conventionally taught that the distance in order from the lac-
rimal crest to the AEA, PEA, and optic nerve is 24 mm, 12 mm, and 6 mm from one 
another [5]. Song et al. conducted a cadaver study that determined the distance from 
the columella to the AEA was on average 64 mm on the right and 63 mm on the left, 
whereas the PEA was on average 72 mm on the right and 71 mm on the left [2]. A 
middle ethmoid artery has also been described in the literature in 29–38% of cases, 
but is not always present [13]. Variations in all three arteries including their number, 
course, location, and absence have also been described; one should therefore be 
cognizant of these potential differences.

The posterior edge of the cribriform plate comes into contact with the planum 
sphenoidale: the superior wall of the body of the sphenoid bone and sphenoid sinus 
[1]. To understand this association, the sphenoid bone anatomy must be discussed.

Table 1.2 Olfactory fossa 
depth measurement as 
described by the “Keros 
classification” [5]

Keros type Lateral lamella vertical height

1 1–3 mm
2 4–7 mm
3 8–16 mm

S. Khalife et al.
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a b c

Fig. 1.5 CT sinus coronal views demonstrating examples of olfactory fossa depth measurements. 
(a) Keros type 1 (2.2 mm depth shown in orange) in a patient who had previously undergone endo-
scopic sinus surgery. (b) Keros type 2 (6.2 mm depth shown in orange) in a and (c) Keros Type 3 
(10 mm depth shown in orange), in patients without a history of endoscopic sinus surgery

Fig. 1.6 Coronal CT scans 
demonstrating anterior 
ethmoid arteries on a 
mesentery

The sphenoid bone (Fig. 1.7) separates the anterior from the middle cranial fossa 
[5]. It is important to understand its unique shape and associations to surrounding 
structures. In the center is the body of the sphenoid bone in which lie the sphenoid 
sinuses and their variable pneumatization and septations as described above [5]. A 
greater wing and a lesser wing extend from the lateral aspect of the body bilaterally, 
and together, these wings form a space on either side named the superior orbital fis-
sures [1]. Inferiorly, the bony structure known as the pterygoid process and medial 
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c d

e f

Fig. 1.7 Sphenoid bone anatomy from the following views: (a) superior, (b) inferior, (c) lateral, 
(d) anterior, (e) posterior. (f) Sphenoid bone location in relation to temporal and occipital bones. 
(With permissions from Peris-Celda et al., 2019)

and lateral pterygoid plates also branch out from both sides of the sphenoid 
body [1, 5].

When looking at the sphenoid bone in posterior view, one can visualize small 
bony projections bilaterally. These are the anterior, posterior, and occasionally 
medial clinoid processes that extend from the posterior-medial lesser wings of the 
sphenoid, superior-lateral dorsum sellae, and the superior-lateral sella turcica, 
respectively [1]. Medial to the anterior clinoid process projections are the optic 
canals, through which the optic nerve crosses and in between which the optic chi-
asm’s prechiasmatic sulcus is found [1]. The ophthalmic artery and sympathetic 
nerves of the orbit also run through the optic canal [5]. Other canals to keep in mind 
within the sphenoid are the vomerovaginal canal, the palatovaginal canal (also 
known as the pharyngeal canal), and the vidian canal (also known as the pterygoid 
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canal). A branch of the sphenopalatine artery passes through the vomerovaginal 
canal, but is not always present [5]. The pharyngeal branches of the maxillary artery 
and nerve cross through the palatovaginal canal, and the vidian nerve courses 
through the pterygoid canal, which is the most lateral of the three canals [5]. The 
pterygoid canal begins at the foramen lacerum and ends in the pterygopalatine fossa 
[5]. The vidian nerve, which consists of the greater and deep petrosal nerves carry-
ing parasympathetic and autonomic fibers, respectively, can be dehiscent into the 
sphenoid sinus, partially bulging into it or completely covered by the bone [5].

The sella turcica is an essential anatomical space within the middle cranial fossa, 
in which the pituitary gland is found. It does not hold any cerebrospinal fluid since 
it is below the arachnoid layer [1]. It is this space that can be accessed by transsphe-
noidal approach to resect pituitary adenomas, for example. The boundaries of the 
sella turcica consist of the cavernous sinuses laterally, the tuberculum sella anteri-
orly, the dorsum sella posteriorly, the body of the sphenoid inferiorly, and the dia-
phragma sella superiorly [1]. The latter is formed by dura, separates the sella from 
the arachnoid space, and has a small pituitary aperture through which the pituitary 
stalk which attaches to the hypothalamus is found [1, 5]. Laterally, within the cav-
ernous sinuses are found important neurovascular structures including the internal 
carotid artery (ICA), oculomotor nerve, trochlear nerve, abducens nerve, and V1 
and V2 branches of the trigeminal nerve [5].

The sella turcica can be visualized from an endoscopic view through the sphe-
noid sinus (Fig.  1.8). In this view, the middle prominence consists of the sella; 
beneath it is the clival recess; above it is the planum sphenoidale [1]. Latero- 
superiorly is the opticocarotid recess, which has variable pneumatization, but allows 
clear identification of the optic nerve superior to it and the ICA inferior and medial 
to it [1].

Fig. 1.8 Endoscopic image of 
the posterior sphenoid sinus 
and lateral recess. C, clivus; 
ICAc and ICAs, internal 
carotid artery paraclival and 
parasellar segments, 
respectively; FL, foramen 
lacerum; fSphS, sphenoid 
sinus floor; GG, Gasserian 
ganglion; PG, pituitary gland; 
SOF, superior orbital fissure; 
V1, V2, V3, nerve branches of 
cranial nerve V; VI, cranial 
nerve VI (abducens nerve). 
(With permissions from 
Cavallo et al. 2016)
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Fig. 1.9 Endoscopic view 
of the anatomy of the left 
cavernous sinus as viewed 
from the sphenoid sinus. 
ICA, internal carotid 
artery; For. Rot, foramen 
rotundum; Palatovag. 
Canal, palatovaginal canal; 
Max n., maxillary nerve; 
Pit Gland, pituitary gland; 
N, nerve. (With 
permissions from 
Peris-Celda et al. 2019)

The ICA’s cavernous division has a peculiar course that must be understood prior 
to any endoscopic skull base surgery. It originates as the paraclival vertical carotid 
arteries on either side of the of the clival recess before entering the cavernous sinus 
as a vertical posterior segment [1]. The latter curves anteriorly forming the posterior 
genu, followed by a horizontal segment that eventually curves into the anterior genu 
and forms the paraclinoid segment anteriorly [5] (Fig. 1.9). The incidence of dehis-
cence of the cavernous ICA within the sphenoid sinus ranges from 2 to 25% and 
must be assessed on preoperative imaging [3, 5].

Another important reported finding is the presence of ICA and optic nerve pro-
jection into the sphenoid which can be, respectively, present in 5.2–67% and 7–35% 
of patients [3]. In addition, anterior clinoid pneumatization and its possible link to 
an increased incidence of optic nerve projection into the sphenoid sinus has also 
been reported and must be noted preoperatively due to the increased risk of injury 
to this nerve that can lead to blindness [3].

 Conclusion

The anatomy of the nasal cavity, paranasal sinuses, orbit, and anterior skull base is 
complex yet essential to understand for the endoscopic skull base surgeon. With 
such proximity to important structures including the orbits, brain, arteries, and 
nerves, surgery in this area can lead to devastating and life-threatening injuries if the 
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intricate anatomy is not well understood. To enable a better understanding, this 
chapter focused on the anatomical aspects most relevant to the endoscopic sinus 
surgeon.
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Chapter 2
Lateral Skull Base Anatomy

Renata M. Knoll and Elliott D. Kozin

As the lateral skull base has an intricate and complex anatomy, the understanding of 
the anatomic interrelationships of its components and appropriate identification of 
its multiple anatomical landmarks are critical to accurately diagnosing and manag-
ing neurotologic disorders. Thus, this chapter presents an overview of the anatomy 
of the lateral skull base.

 Osseous Anatomy of the Lateral Skull Base

The temporal bone is located centrally in lateral skull base and forms part of the 
middle and posterior cranial fossae. It articulates with the occipital, parietal, sphe-
noid, and zygomatic bones and is divided into five parts: squamous, petrous, mas-
toid, and tympanic portions and the styloid process.

The squamous portion forms part of the lateral wall of the middle fossa, the pos-
terior part of the zygomatic arch, and the upper part of the mandibular fossa 
(Figs. 2.1, 2.2, and 2.3). It articulates with the sphenoid bone and zygomatic process 
anteriorly, with the parietal bone superiorly, and with the tympanic portion in the 
external auditory canal (EAC), which forms the tympanosquamous suture. The lat-
eral surface of the squamous portion is grooved with the sulcus for the middle tem-
poral artery and provides an anchor for the temporalis muscle. Its medial surface 
contains the sulcus for the middle meningeal artery.

The tympanic portion forms the inferior, anterior, and part of the posterior wall 
of the bony EAC, part of the wall of the tympanic cavity, the osseous portion of the 
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Fig. 2.1 Lateral view of a 
left temporal bone. The 
temporal line extends 
posteriorly from the root of 
the zygoma. (1) 
Tympanosquamous fissure; 
(2) tympanomastoid 
fissure; EAC, external 
auditory canal; S, Henle’s 
spine; *, suprameatal 
triangle; VP, vaginal 
process. (From: Mansour, 
Salah, et al. 
Comprehensive and 
Clinical Anatomy of the 
Middle Ear, Springer 
International Publishing 
AG, 2019. p10)

Fig. 2.2 Posterior view of a left temporal bone. (From: Mansour, Salah, et al. Comprehensive and 
Clinical Anatomy of the Middle Ear, Springer International Publishing AG, 2019. p 11)

eustachian tube, and the posterior wall of the glenoid fossa. Within the EAC, it 
interfaces with the mastoid and squamous portions forming the tympanomastoid 
and tympanosquamous sutures, respectively. Medially within the middle ear, it joins 
the petrous part at the petrotympanic fissure through which the chorda tympani and 
anterior tympanic artery pass. These sutures are important anatomical landmarks 
during ear surgery [1, 2]. Laterally, the tympanic bone ends at the cartilaginous por-
tion of the EAC, whereas medially it ends at the tympanic (or annular) sulcus, into 
which the tympanic membrane attaches.

R. M. Knoll and E. D. Kozin
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Fig. 2.3 Superior view of a left temporal bone. The red lines represent the relation of the internal 
auditory canal with respect to the eminencia arcuata and the greater superficial petrosal nerve 
(GSPN), middle meningeal artery (MMA). (From: Mansour, Salah, et  al. Comprehensive and 
Clinical Anatomy of the Middle Ear, Springer International Publishing AG, 2019. p 13)

The mastoid portion (mastoid bone) forms the posterior part of the temporal 
bone and projects downwards on its lateral surface in a somewhat triangular shape 
to form the mastoid process (Fig. 2.1). It is composed by an extension of both the 
squamous and petrous portions, which are separated medially by the Körner’s (pet-
rosquamous) septum. The sternocleidomastoid muscle attaches to the inferior aspect 
of the mastoid, while the posterior belly of the digastric muscle attaches to the mas-
toid groove on the posteroinferior aspect of the mastoid process. In the lateral sur-
face of the mastoid, the MacEwen’s triangle (suprameatal triangle) can be identified, 
which is limited superiorly by the temporal line and anteriorly by the posterior wall 
of the EAC. This triangle contains numerous perforating small blood vessels (crib-
riform area), which are located immediately posterior to the suprameatal spine of 
Henle (Fig.  2.1) and serve as a landmark for mastoidectomy drilling [1–3]. The 
mastoid antrum is located deep to the cribriform area (Fig. 2.4). The mastoid fora-
men is located posteriorly on the mastoid process, through which the mastoid emis-
sary vein and mastoid artery pass (Fig.  2.2). The medial aspect of the mastoid 
process is grooved by the sigmoid sinus, which represents the posterior limit of the 
mastoid cavity. The mastoid bone articulates posteriorly with the parietal bone 
superiorly and with the occipital bone inferiorly forming the parietomastoid and 
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Fig. 2.4 A left mastoidectomy showing the antrum, with the lateral semicircular canal (LSSC) in 
its medial wall. Notice the relation between the Henle’s spine (S) and the antrum: the antrum is 
always superior and posterior to the spine and the external auditory canal (EAC). (From: Mansour 
S., Magnan J., Haidar H., Nicolas K., Louryan S. (2013) The Mastoid. In: Comprehensive and 
Clinical Anatomy of the Middle Ear. Springer, Berlin, Heidelberg. p 105–122)

occipitoparietal suture, respectively. The union of these sutures is an important sur-
gical landmark for craniotomies in retrosigmoid craniotomies [3].

The petrous portion has a pyramidal shape and is the densest bone of the lateral 
skull base, containing the sensory organs of the inner ear. The superior surface of 
the petrous bone contributes to the middle cranial fossa floor and contains the arcu-
ate eminence, which corresponds to the bony prominence of the superior semicircu-
lar canal (Figs. 2.2 and 2.3). The superior surface also contains the tympanic tegmen 
overlying the middle ear and is grooved by the trigeminal impression of the CN V 
anteriorly. More medially and anteriorly to the arcuate eminence, the superficial 
petrosal nerve can be found exiting the facial hiatus. The foramen spinosum is found 
anterolaterally, through which the middle meningeal artery passes. The posterome-
dial surface (cerebellar surface) forms the anterolateral wall of the posterior cranial 
fossa, containing the opening (operculum) of the vestibular aqueduct and the subar-
cuate fossa through which the subarcuate artery and vein pass. The medial surface 
of the petrous bone (Fig. 2.2) contains the opening (porus) of the internal auditory 
canal (IAC).

The styloid process is located just laterally to the posterior aspect of the jugular 
fossa and projects down and forward from under the surface of the temporal bone 
(Figs. 2.1 and 2.5). The stylomastoid foramen lies just posterior to the styloid pro-
cess, through which the facial nerve exits the skull. The distal part of the styloid 
process provides attachment to several muscles associated with the tongue 
and larynx.

R. M. Knoll and E. D. Kozin
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Fig. 2.5 Inferior view of a left temporal bone. The red arrow passes through the carotid canal. 
(From: Mansour, Salah, et al. Comprehensive and Clinical Anatomy of the Middle Ear, Springer 
International Publishing AG, 2019. p 16)

 Anatomy of the Auricle and External Canal

The auricle (or pinna) comprises the external cartilaginous portion of the ear. Its size 
and shape are determined by the configuration of the cartilage frame. The major 
concavity of the lateral aspect of the auricle is the concha, which is contiguous with 
the cartilaginous portion of the EAC (Fig. 2.6). The auricle is attached to the cra-
nium by its skin, cartilage, and a complex of and ligaments and muscles.

The EAC is approximately 3.5 cm in length and can be divided into two parts—
the lateral one-third (cartilaginous) and medial two-thirds (bony). The cartilaginous 
part comprises a continuation of the cartilage of the auricle, and its skin has a thick 
subcutaneous layer, replete with hair follicles, sebaceous glands, and ceruminal 
glands. The osseous part of the EAC is formed by the tympanic portion of the tem-
poral bone and contains a very thin skin with no hair follicles or sebaceous glands 
and is contiguous with the skin of the tympanic membrane. The sensory innervation 
of the EAC is supplied by branches of the CN V (V3), CN VII, and CN X (Arnold’s 
nerve), lesser occipital nerve (C2 and C3 via cervical plexus), and greater auricular 
nerve (C2 and C3 via cervical plexus). The arterial blood supply is derived from 
branches of the external carotid artery, and the veins accompanying the arteries 
drain into the internal jugular vein by either the facial or external jugular veins.
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Fig. 2.6 Surface anatomy of the auricle. (Left) Anterior. (Right) Posterior. (From: Prendergast 
P.M. (2013) Anatomy of the External Ear. In: Shiffman M. (eds) Advanced Cosmetic Otoplasty. 
Springer, Berlin, Heidelberg. p 16)

 Anatomy of the Middle Ear and Eustachian Tube

The middle ear is composed by the tympanic membrane and cavity, which contains 
the ossicular chain (malleus, incus, and stapes), two muscles, and neurovascu-
lar supply.

The tympanic membrane is a trilaminar structure with an irregular conical shape 
given the attachment of the manubrium of the malleus in its surface (Fig. 2.7). The 
adult tympanic membrane is about 9 mm in diameter, and it is separated into a supe-
rior pars flaccida (Shrapnell’s membrane) and an inferior pars tensa.

The middle ear space (Fig. 2.8), or tympanic cavity, is limited by the tympanic 
membrane laterally, the cochlea medially, the tegmen superiorly, the mastoid poste-
riorly, the jugular bulb inferiorly, and the carotid artery and Eustachian tube anteri-
orly. The tympanic cavity is lined with a mucosal epithelium and can be divided into 
compartments, including the epitympanum (attic), mesotympanum, hypotympa-
num, and protympanum.

The ossicular chain consists of three small ossicles: the malleus, incus, and sta-
pes. The malleus is the most lateral of the ossicles and attaches directly to the tym-
panic membrane. It has a head, manubrium (handle), neck, and anterior and lateral 
processes, and it is suspended via several ligaments. The incus is located immedi-
ately medial to the malleus, and it is the largest of the three ossicles. It has a body 
and a long, a short, and a lenticular process. While the body of the incus articulates 
with the head of the malleus in the epitympanum, the lenticular process articulates 
with the stapes. The stapes is the smallest and the most medial ossicle. It has a head, 
a footplate, and two crura. Its head articulates with the lenticular process of the 
incus, whereas its footplate sits in the oval window.

R. M. Knoll and E. D. Kozin
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Fig. 2.7 Endoscopic view 
of a normal left tympanic 
membrane. Surface 
features of the tympanic 
membrane include (1) pars 
flaccida, (2) lateral process 
of malleus, (3) malleus 
umbo, (4) inferior central 
pars tensa, and (5) fibrous 
annulus. (From: Isaacson, 
B. (2018). Anatomy and 
Surgical Approach of the 
Ear and Temporal Bone. 
Head & Neck Pathology 
(Totowa, N.J.), 12 (3) 
p 324)

Fig. 2.8 Transcanal endoscopic view of the left middle ear after removal of the tympanic mem-
brane: (1) semicanal of the tensor tympani muscle, (2) malleus handle, (3) tympanic facial nerve, 
(4) incus long process, (5) stapes capitulum and incudostapedial joint, (6) inferior margin of oval 
window niche, (7) sinus tympani, (8) round window niche, (9) cochlear promontory, (10) subco-
chlear canaliculus leading to inferior petrous apex, (11) high, non-dehiscent jugular bulb, (12) 
Jacobson’s nerve, (13) horizontal petrous carotid artery, (14) eustachian tube. (From: Isaacson, 
B. (2018). Anatomy and Surgical Approach of the Ear and Temporal Bone. Head & Neck Pathology 
(Totowa, N.J.), 12 (3) p 325)
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The tensor tympani muscle, which is innervated by the CN V, originates from the 
greater wing of the sphenoid and cartilage of the Eustachian tube. Its tendon inserts 
onto the cochleariform process and to the neck of the malleus. The stapedius muscle 
is innervated by the facial nerve and connects the pyramidal eminence to the poste-
rior crus of the stapes.

The Eustachian tube connects the nasopharynx to the middle ear, traveling 
downward anteromedially at an angle of 45° and measuring approximately 
35  mm in length in adulthood. The anteromedial two-thirds of the eustachian 
tube are fibrocartilaginous, whereas the posteromedial two-thirds is bony. The 
tympanic orifice is located in the anterior wall of the tympanic cavity, and the 
posterior lip of the pharyngeal orifice forms the torus tubarius in the nasophar-
ynx. The Eustachian tube remains mostly closed, opening only during actions 
such as yawning and swallowing, which is accomplished by the tensor veli pala-
tini muscle.

 Anatomy of the Inner Ear

The inner ear is located within the petrous portion of the temporal bone, consisting 
of the cochlea, vestibule, and three semicircular canals.

The cochlea is a spiral canal with 21/2 turns around its central axis (modiolus) that 
contains three main compartments with different fluids: the scala tympani and ves-
tibuli which contain perilymph and the scala media (the cochlear duct) which con-
tains endolymph. The latter houses the organ of Corti, which consists of inner and 
outer hair cells. The spiral ganglion neurons are located in the spiral canal of the 
cochlea (Rosenthal’s canal), and the cochlear nerve fibers pass through the cribrosa 
area and spiral osseous lamina.

The vestibule is the central chamber, consisting of two membranous compo-
nents: the utricle and saccule. Each of these organs contains a macula, which 
includes clusters of sensory hair cells. The utricle communicates with the endolym-
phatic duct through the utriculo-endolymphatic valve, whereas the saccule commu-
nicates with the scala media through the ductus reuniens. The semicircular canals 
(superior, lateral, and posterior canals) are situated posteriorly to the vestibule 
arranged in a perpendicular plane to each other. Each canal has a non-ampullated 
end and a large ampullated end, which contains a cluster of hair cells (crista ampul-
laris). The non-ampullated end of the posterior and superior canals fuse to form the 
common crus, whereas the non-ampullated ends of the lateral canal form an anterior 
and a posterior crura.

The Scarpa’s ganglion neurons are located in the vestibular nerves within the 
IAC, projecting nerve fibers to the vestibule and semicircular canals through cribrosa 
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Fig. 2.9 Cadaveric left mastoidectomy showing lateral semicircular canal (LSCC), the superior 
semicircular canal (SSCC), and the posterior semicircular canal (PSCC). Notice the relationship 
between the PSCC and the facial nerve (VII). Notice the Donaldson’s line (the black dotted line) 
and the endolymphatic sac (*). (From Mansour S., Magnan J., Haidar H., Nicolas K., Louryan 
S. (2013) The Mastoid. In: Comprehensive and Clinical Anatomy of the Middle Ear. Springer, 
Berlin, Heidelberg. p 105–122)

areas. The superior vestibular nerve innervates the utricle and the superior and lat-
eral semicircular canals, while the inferior vestibular nerve innervates the saccule 
and the posterior semicircular canal.

The endolymphatic system includes the endolymphatic duct and sac. The endo-
lymphatic duct is located in the posterolateral wall of the vestibule, starting at the 
utriculo-endolymphatic valve and ending at the aperture of the vestibular aqueduct. 
The endolymphatic sac has an intraosseous and an intradural portion, lying approxi-
mately 10 mm inferior and lateral to the porus of the IAC. It can be located inferi-
orly to the Donaldson’s line (Fig. 2.9), which is an important surgical landmark 
derived by extending the plane of the lateral semicircular that also divides the pos-
terior semicircular canal [1].

The cochlear aqueduct is a small opening from the scala tympani of the basal 
turn of the cochlea, close to the round window membrane, which runs inferiorly and 
medially to open at the posterior cranial fossa just at the anterior division of the 
jugular foramen. Surgically, the cochlear aqueduct is an important landmark during 
translabyrinthine craniotomy to prevent injury of the lower cranial nerves [1].

The vascular supply of the inner ear is provided by branches of the anterior infe-
rior cerebellar artery (AICA), the labyrinthine and subarcuate arteries. The latter is 
not an essential vascular supply and is commonly encountered during labyrinthec-
tomies as it courses within the arc of the superior canal [1].

2 Lateral Skull Base Anatomy
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 Anatomy of the IAC, Jugular Foramen, and Petrous Apex

The IAC is a bony, neurovascular canal within the petrous portion of the temporal 
bone that houses CN VII (facial nerve), CN VIII (vestibulocochlear nerve), and the 
labyrinthine artery and vein. The average length and diameter of the IAC is 8 mm 
and 3.4  mm, respectively, although these dimensions may suffer variations. The 
canal ends laterally at the fundus and medially at the porus. The lateral portion of 
the IAC is divided into two compartments—superior and inferior—by a horizontal 
bony ridge called transverse (or falciform) crest. The superior compartment is fur-
ther divided by a smaller vertical crest (Bill’s bar), which separates the facial nerve 
(anteriorly) from the superior vestibular nerve (posteriorly) and is a useful landmark 
in translabyrinthine surgery (Fig. 2.10) [2]. As the nerves approach the cerebello-
pontine angle (CPA), the cochlear and vestibular fibers rotate, with the vestibular 
nerve fibers assuming a superior position to the cochlear fibers at the brainstem. The 
facial nerve also rotates from an initial anteroinferior position relative to the ves-
tibular nerve at the pons.

The jugular foramen is located in the medial-inferior surface of the petrous pyra-
mid, between the temporal and occipital bones. It can be divided into three compart-
ments: (1) a sigmoid compartment posteriorly, through which the sigmoid sinus 
drains; (2) a petrous compartment anteromedially, through which the inferior petro-
sal sinus drains; and (3) a neural intrajugular compartment, which is located between 
the other two and is traversed by the glossopharyngeal (CN IX), vagus (CN X), and 
spinal accessory (CN XI) cranial nerves and meningeal branches of the ascending 
pharyngeal artery as they exit the skull. Within the jugular foramen, the CN IX pro-
vides a tympanic branch (i.e., Jacobson’s nerve) to form the tympanic plexus of the 
middle ear while the CN X an auricular branch (Arnold nerve) to provide sensory 

a b

Fig. 2.10 Cadaveric Internal acoustic canal (IAC) unroofed with middle cranial fossa approach. 
(a) Superior view into the unroofed right IAC; the vertical crest (Bill’s bar) separates the facial and 
superior vestibular nerves at the fundus of the IAC; (b) posterior view to the fundus of left IAC. The 
superior and inferior vestibular nerves are located posteriorly and the facial and cochlear nerves 
anteriorly in the IAC; (From: Battelino S., Bošnjak R. (2013) Surgical Approaches and Anatomy 
of the Lateral Skull Base. In: Kountakis S.E. (eds) Encyclopedia of Otolaryngology, Head and 
Neck Surgery. Springer, Berlin, Heidelberg. https://doi.org/10.1007/978- 3- 642- 23499- 6_567 p 2648)
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innervation to the posterior wall of the external auditory canal. Of note, the anatomy 
of the jugular foramen may be highly variable, which has important implications for 
neurotological surgery [1]. Additionally, the right jugular foramen is generally 
larger than the left due to its larger venous drainage.

The petrous apex is the anteromedial limit of the petrous pyramid. Its anterosu-
perior portion forms the floor of the middle cranial fossa, whereas the posterosupe-
rior portion constitutes the anterior wall of the posterior cranial fossa. The petrous 
apex can be divided by the IAC into an anterior (larger) and a posterior (smaller) 
portion. It often contains bone marrow and can be pneumatized in up to 35% of 
patients, which may provide a direct pathway for diseases to spread from the mas-
toid or middle ear cavity, in addition to being a preferred location for malignant 
metastasis and cholesterol granulomas [1].

 Anatomy of the Middle Cranial Fossa

The middle cranial fossa comprises the area between the sphenoid ridge anteriorly 
and the petrous ridge posteriorly. Within its medial aspect, from medial to lateral, 
four foramina can be identified: (1) the superior orbital fissure, through which the 
ophthalmic division of the CN V (V1) passes; (2) foramen rotundum, though which 
the maxillary division of the CN V (V2) passes; (3) foramen ovale, though which the 
mandibular division of the CN V (V3) passes; and (4) foramen spinosum, through 
which the middle meningeal artery enters the middle cranial fossa. Medially to the 
middle meningeal artery, the greater superficial petrosal nerve can be found, serving 
as an important surgical landmark for middle cranial fossa procedures (Fig. 2.11) 
[4]. The lateral aspect of the middle cranial fossa contains the carotid canal, the 
hiatus of the greater petrosal nerve, and the hiatus of the lesser petrosal nerve. The 

Fig. 2.11 Surgical view of 
the middle cranial fossa. 
Greater superficial petrosal 
nerve (GSPN), superior 
petrosal sinus (SPS), 
middle meningeal artery 
(MMA) from the foramen 
ovale (FO). (From: 
Oghalai, J. S., & Driscoll, 
C. L. W. (2015). Atlas of 
neurotologic and lateral 
skull base surgery. p 23)
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horizontal portion of the carotid canal passes in an inferomedial position to the 
greater superficial petrosal nerve.

The greater superficial petrosal nerve ends posteriorly at the level of the genicu-
late ganglion, which is covered by a thin lamina of the bone. The IAC can be found 
at an angle of approximately 60° medially to the long axis of the superior semicir-
cular canal. The labyrinthine segment of the facial nerve emerging from the IAC is 
located medially and posteriorly to the geniculate ganglion. The cochlea can be 
identified within an obtuse angle of approximately 120° formed between the greater 
superficial petrosal nerve and labyrinthine segment of CN VII.

The tegmen tympani and mastoideum can be identified lateral to the arcuate 
eminence and geniculate ganglion, forming the roof of the middle ear and mastoid, 
respectively. Just inferiorly to the tegmen, the epitympanum, the tympanic segment 
of the facial nerve, and the incudomalleolar joint can be accessed anteriorly, whereas 
the mastoid antrum and the three semicircular canals are found posteriorly.

The superior petrosal sinus creates a longitudinal groove in the petrous ridge, 
which is an important surgical landmark corresponding to the medial limit of the 
middle fossa approach [3].

 Anatomy of the Posterior Cranial Fossa

The posterior cranial fossa is located between the foramen magnum and the tento-
rial incisura. The posterior surface of the temporal bone forms the anterior border of 
the posterior cranial fossa, whereas posterior and lateral walls are formed by the 
occipital bone.

The posterior cranial fossa contains the CPA, a space located between the supe-
rior and inferior limbs of the angular cerebellopontine fissure, from which the intra-
cranial segments of many cranial nerves and vascular structures traverse. Both the 
CN VII and VIII leave the brainstem at the lateral end of the pontomedullary sulcus 
immediately rostral to the foramen of Luschka, with the VII assuming a position 
about 1 to 2  mm anteroinferior to the CN VIII.  Additionally, the AICA courses 
between the CN VII and VIII. The CN V can be found superiorly, whereas the CN 
IX, X, and XI pass inferiorly within the CPA (Fig. 2.12).
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Fig. 2.12 Anatomy of the posterior cranial fossa. (a) Superior view; (b) Medial view; (c) Superior 
view with the dura lining the posterior fossa; (d) The posterior cranial fossa dura opened to expose 
the internal structures; (From: Surgical Anatomy of the Posterior Fossa Basma, Jaafar; Sorenson, 
Jeffrey Skull Base Surgery of the Posterior Fossa, 2017-11-12, p 3–24)

 Anatomy of the Infratemporal Fossa

The infratemporal fossa is a space bounded superiorly by the infratemporal surface 
of the greater wing of the sphenoid bone, inferiorly by the superior limit of the pos-
terior belly of the digastric muscle and the angle of the mandible, anteriorly by the 
posterolateral surface of the maxillary sinus, and posteriorly by the styloid process 
and the mastoid and tympanic portions of the temporal bone. The ascending ramus 
of the mandible forms the lateral limit, whereas the medial pterygoid and tensor veli 
palatini muscles form the medial border (Fig. 2.13).

The medial and lateral pterygoid muscles are located within the infratemporal 
fossa. The latter servers as a surgical landmark and is divided into two parts: the 
upper head and the lower head. The upper head originates from the infratemporal 
surface and the greater wing of the sphenoid bone, whereas the lower head origi-
nates from the lateral aspect of the lateral pterygoid plate. While the lower head 
inserts onto the pterygoid fovea under the condylar process of the mandible, the 
upper head inserts onto the joint capsule of the temporomandibular joint. The medial 
pterygoid muscle arises with two heads rising from the maxillary tuberosity and 
lateral pterygoid plate, which insert onto the inferior and posterior part of the medial 
surface of the ramus and angle of the mandible.

2 Lateral Skull Base Anatomy
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Fig. 2.13 Bone landmarks of the infratemporal fossa. (From: Infratemporal Fossa Approach 
Gidley, Paul W; DeMonte, Franco; Weber, Randal S, Temporal Bone Cancer, 2018-05-04, 
p 267–282)

The mandibular branch of the CN V (V3) arises from the foramen ovale and 
transverses the infratemporal fossa to provide motor and sensory innervation to sev-
eral muscles. The vasculature encountered within the infratemporal fossa includes 
the maxillary artery and associated branches, including the middle meningeal artery 
and accessory meningeal artery. The venous drainage of the infratemporal fossa 
occurs though the pterygoid venous plexus, which also forms anastomoses with the 
cavernous sinus and eventually drains into the maxillary and facial veins.
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Chapter 3
CSF Physiology and Intracranial Pressure

Jordan Davies, Michelle Paff, Jefferson W. Chen, Kiarash Golshani, 
and Frank P. K. Hsu

 Introduction

Since the time of Hippocrates and Galen, the form and function of cerebrospinal 
fluid (CSF) has been debated and postulated. Additional knowledge has led to addi-
tional disputes. The most widely accepted dogma is that CSF is primarily secreted 
by the choroid plexus, tufts of highly vascular structures lined by epithelial cells in 
the ventricles of the brain. This fluid then circulates through the ventricular system 
and eventually bathes the brain and spinal cord in the subarachnoid spaces. 
Absorption is done via protrusions of the subarachnoid space, arachnoid granula-
tions, into the dural venous sinuses, primarily the superior sagittal sinus, and various 
sources of lymphatic drainage. Of course, it isn’t all that straightforward, which will 
be discussed further below, and there are alternative theories to even the longest 
accepted principles.

CSF is a clear fluid, derived primarily from ultra-selective filtration of plasma, 
but with about 20% derived from CNS synthesis. It has the density of water, appear-
ing hypodense on CT imaging and bright on T2 MRI sequencing. The functions of 
CSF include mechanical protection, cerebral environment homeostasis, and deliv-
ery and removal of neuroactive substances—all through a tightly controlled process 
involving osmotic pressures, specialized receptors, and active transport to create a 
specialized ultra-filtrate of plasma. It’s no wonder the brain requires 20% of total 
body oxygen and 15% of basal cardiac output despite occupying only 2% of total 
body weight [1].

As with all things in the cranium, this process relies on several processes being 
in sync to deliver function. Several different pathologies, both spontaneous and iat-
rogenic, can throw off this delicate balance to produce devastating side effects. 
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Understanding the pathology requires beginning with two principles: first, the 
Monro-Kellie doctrine, which states the skull is of finite volume and the pressure 
within is a balance between the three constituents of the brain, blood, and CSF. And 
second, disturbance in the balance of CSF typically can be attributed to alteration of 
its production, circulation, or resorption.

 CSF Production

The choroid plexus is considered one of the most active secretory systems in the 
body, producing about 0.4 ml of CSF/min or an average of 500 ml of CSF per day 
[2]. At any given time, there is 150 ml of CSF in the CNS, which indicates the vol-
ume of CSF undergoes turnover 3–4 times per day [3]. This turnover and renewal is 
an important part of maintaining neuronal homeostasis and clearing cerebral by- 
products in the interstitial milieu surrounding neurons and glial cells. The ventricles 
contain about 25 ml of CSF, and the CSF in and around the spinal cord is approxi-
mately 30 ml [4], leaving about 100 ml of CSF to circulate in the subarachnoid 
spaces and cisterns. This provides a mechanical protection against traumatic forces 
as it will cushion the brain as it propels toward the skull and the resulting reverbera-
tions. This buoyancy also decreases the weight of the brain tenfold to avoid com-
pression of vital structures at the base of the brain against the skull.

As noted, the choroid plexus is considered the primary site of CSF production, 
accounting for about 60–75% of CSF production. This is supplemented by CSF 
production from the brain interstitial fluid (fluid transport across the blood-brain 
barrier to the spaces between neuronal and glial cells) and ependymal lining. The 
choroid plexus is contained in the temporal horns and body of the lateral ventricles, 
the roof of the third ventricle, and the caudal part of the fourth ventricle [3].

Overall production rate of CSF is affected by multiple factors. One is time of the 
day, with diurnal fluctuations increasing CSF production and turnover in the eve-
ning and during sleep. The intracranial pressure will also impact production, as well 
as resorption, with production decreasing during periods of elevated pressure. The 
autonomic nervous system also synapses on cells in the choroid plexus, with the 
noradrenergic-sympathetic nervous system decreasing production, while the 
cholinergic- parasympathetic nervous system will increase production [3].

 CSF Contents

Although CSF is touted as an ultra-filtrate of plasma, significant energy and work is 
expended to create a fluid designed for the special functions of the neurons and sup-
porting cells. The sodium, chloride, and magnesium concentrations are higher in 
CSF than plasma. The potassium and calcium concentrations are lower. In addition, 
the glucose and protein concentrations are lower, with protein being significantly 
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Table 3.1 Normal cellular and metabolic values in blood vs. cerebrospinal fluid

Content Blood CSF

Red blood cells 4.2–6.1 × 106/mm3 0/mm3

White blood cells 5–10 × 103//mm3 0–5/mm3

Glucose 90–110 mg/dL 45–80 mg/dL
Protein 6.0–8.3 × 103/mg/dL 20–40 mg/dL
Sodium 135–145 mmol/L 135–150 mmol/L
Chloride 96–106 mmol/L 116–127 mmol/L
Magnesium 1.3–2.1 mEq/L 2.0–2.5 mEq/L
Potassium 3.5–4.5 mmol/L 2.7–3.9 mmol/L
Calcium 9–11 mg/dL 4.0–5.0 mg/dL

lower [3]. Unless disturbed, no red blood cells should enter the CSF, while only a 
few white blood cells will be found. A summary comparing the cellular and meta-
bolic contents of blood and cerebrospinal fluid is shown in Table 3.1.

Diffusion of molecules across both the blood-CSF and blood-brain barriers is 
influenced by lipid solubility and size. The Oldendorf line was created after the 
observation that smaller, lipophilic molecules have greater rates of diffusion into the 
CNS [5]. This knowledge is used to increase cerebral bioavailability of drugs by 
modifying size, structure, and solubility of such medications as antibiotics to 
increase penetrance [6].

Also found in CSF are hormones made in the CNS to circulate to distant organs, 
as well as exert influences locally. Some examples include T4 (thyroxine), vasopres-
sin, insulin growth factor (IGF), and brain-derived neurotrophic factor (BDNF). 
Both IGF and BDNF are upregulated in response to chronic stress. IGF has also 
been found to enhance clearance of beta amyloid via aquaporin channels. Regulations 
of electrolytes and minerals can also occur in response to intracranial pathology. For 
example, iron concentration is significantly decreased during viral diseases of the 
brain to reduce viral activity [2].

 CSF Circulation

Again, tradition has largely postulated unidirectional flow of CSF from sites of pro-
duction to sites of resorption. This is shown in Fig. 3.1. This was thought to be 
driven by the pulsations of CSF secretions, which is a mirror of the arterial pulse 
wave. This was a system of flow from high pressure to low pressure areas of the 
venous sinuses and resorption sites [3, 4]. Additional knowledge of CSF as an agent 
in neuronal homeostasis and drug delivery has yielded evidence of CSF as bidirec-
tional, and at times convective, flow between subarachnoid spaces, brain intersti-
tium, perivascular spaces, and lymphatic drainage.

3 CSF Physiology and Intracranial Pressure
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Fig. 3.1 CSF circulation. (Image courtesy of Dr. Michelle Paff, University of California Irvine, 
Neurosurgery Department, 2021)

Fig. 3.2 Intracranial pressure (ICP) waveforms. Percussion wave (P1) represents arterial pulsa-
tion, tidal wave (P2) represents brain tissue compliance, and dicrotic wave (P3) is due to closure of 
the aortic valve. Under normal conditions, P1 > P2, indicative of normal complaint brain. In acute 
brain injury, brain compliance starts decreasing resulting in reversal of P1:P2 ratio (i.e., P2 > P1) 
which is a sensitive predictor of poor brain compliance

The arterial pulse wave and its impact in intracranial pressure (ICP) differentials 
are embodied in ICP pressure waves seen during invasive monitoring, shown in 
Fig. 3.2. There are three components to an ICP wave, the first being the largest and 
representing the arterial pulsation, or rush of blood through the cerebral arteries 
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during systole. The second wave is a response of the brain pushing back, or recoil-
ing, against the arterial wave and is a rough measurement of brain compliance. The 
third wave is the smallest and a representation of the pressure wave sent through the 
arterial system with aortic valve closure [7].

Despite this correlation, there appears to be multiple components of CSF circula-
tion, including mechanical assistance via cilia and microvilli observed on the sur-
face of the choroid plexus [2]. Another component is gravity and posture, which 
assists in decreasing venous pressure. Increased abdominal or thoracic pressure, 
physical activity, or Valsalva maneuvers will increase venous pressure and decrease 
the pressure gradient driving resorption [8].

 Ventricular Anatomy

The majority of the choroid plexus and CSF production is in the lateral ventricles, 
which then flows through the interventricular foramen (or foramen of Monro) from 
each lateral ventricle into the third ventricle. From the third ventricle, CSF flows 
down the cerebral aqueduct (or Sylvian aqueduct) connecting the third ventricle to 
the fourth ventricle. CSF exits the fourth ventricle via the two lateral apertures 
(foramen of Luschka) and the median aperture (foramen of Magendie) and enters 
the subarachnoid space to then surround and bathe the brain and spinal cord. It is 
resorbed back into the blood circulation through a variety of means which will be 
explored later in this chapter. A visual reference of ventricular anatomy is provided 
in Fig. 3.3, as the individual components are described in the following paragraphs.

Fig. 3.3 Ventricular system anatomy. (Image courtesy of Dr. Michelle Paff, University of 
California Irvine, Neurosurgery Department, 2021)
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 Lateral Ventricles

The lateral ventricles are the largest ventricles and located near the center of the 
brain on either side of midline. The structure that connects both cerebral hemi-
spheres, the corpus callosum, lies superior, and the ventricles are medial to the bilat-
eral thalami while having projections into multiple lobes. The main part is the body 
with a projection, or horn, into the frontal lobe, which hugs the head of the caudate. 
The body becomes the atrium more posterior where the occipital horn and temporal 
horn diverge into their respective lobes. The choroid plexus runs along the infero-
medial part of the body before it turns into the third ventricle via the foramen of 
Monro. Posteriorly, it wraps around the atrium of the ventricles and then runs along 
the roof of the temporal horn.

 Third Ventricle

The third ventricle is a midline cavity between the two thalami. Occasionally, the 
two thalami connect forming the interthalamic adhesion in the middle of the third 
ventricle. Choroid plexus comes through the foramen of Monro and rides the roof 
of the third ventricle but stops prior to the channel to the fourth ventricle, called the 
cerebral aqueduct. The anterior border and floor of the third ventricle contains mul-
tiple vital structures, which are often viewed when performing an endoscopic third 
ventriculostomy (ETV) for obstructive hydrocephalus. These structures include the 
fornix, the anterior commissure, the optic chiasm, the infundibulum, and the mam-
millary bodies. The floor of the third ventricle is made up by the membranous tuber 
cinereum, which can be perforated via ETV to provide a new route for CSF flow 
past the obstruction (usually at the cerebral aqueduct or fourth ventricle) directly 
into the subarachnoid spaces. The anterior extension of the tuber cinereum is the 
lamina terminalis, located just anterior to the optic chiasm.

The roof of the third ventricle is formed by the body of the fornices, and the 
posterior border is the posterior commissure and pineal gland.

Like the lateral ventricle, there are extensions or recesses of the third ventricle 
which are named by the structures surrounding them. Anteriorly there exists the 
supra-optic recess (for its relation to the optic chiasm) and the infundibular recess. 
At the posterior border, the pineal gland creates a pineal recess and suprapi-
neal recess.

CSF exits the third ventricle at the posterior, inferior section and flows through 
the cerebral aqueduct. This hollow connection to the fourth ventricle runs through 
the midbrain, where it is surrounded by the periaqueductal gray and signals a transi-
tion from the tegmentum anteriorly to the tectum posteriorly. It is the common site 
for congenital obstructive hydrocephalus when malformed or obstructed.
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 Fourth Ventricle

The fourth ventricle is a diamond-shaped structure that lies posterior to the brain 
stem and anterior to the cerebellum. The cerebral aqueduct lies at the superior tip 
with the obex at the inferior tip. The floor of the fourth ventricle is the anterior por-
tion or the dorsal side of the pons. The floor of the fourth ventricle contains the 
facial colliculus, the vagal triangle, and the hypoglossal triangle. Also found is the 
area postrema, which is responsible for detecting toxins and inducing vomiting to 
assist the body in removing them [9].

The roof of the fourth ventricle is formed by the medullary velum, which is a 
membranous covering between the ventricle and the cerebellum, and contains cho-
roid plexus. The peak of the roof is at the level of the pontomedullary junction and 
lies near the fastigial nucleus of the cerebellum. The walls, or lateral borders, are 
formed by extensions of the medullary velum and the cerebellar peduncles.

CSF flow down from the cerebral aqueduct continues to the spinal cord via the 
obex into the central canal or exits the fourth ventricle via the foramen of Magendie 
(medial) into the cisterna magna or via the two foramen of Luschka into the cerebel-
lopontine cistern.

 Subarachnoid Space

As noted previously, CSF enters the subarachnoid space via the foramen of 
Magendie into the cisterna magna and the foramina of Luschka into the cerebello-
pontine cistern. As CSF surrounds the brain and spinal cord, it does so in the sub-
arachnoid space. The subarachnoid space is between the pia mater on the surface of 
the brain and the arachnoid mater. The subarachnoid space is made up of numerus 
trabeculae and channels. It also contains the major branches of the cerebral vascu-
lature and cranial nerves. The subarachnoid space is relatively small at the gyri of 
the brain, but enlarge in the sulci as space is created between separate gyri. The 
subarachnoid space has pools or pockets of CSF as part of the drainage system 
mainly at the base of the brain, called subarachnoid or basal cisterns, shown in 
Fig. 3.4. These are located often in areas where more fluid is needed to help support 
the form and function of the brain and protect it from contact with the skull. This is 
commonly at the skull base. These cisterns have subarachnoid membranes that 
often form incomplete borders. Though CSF does communicate across these bor-
ders, the arachnoid does serve to blunt the communication of flow, particularly with 
pulsations of the brain. The basal cisterns are important aspects of intracranial sur-
gical anatomy, as they are often accessed to aid in brain relaxation via CSF egress 
and thus decrease injury from brain retraction. However, this also results in increased 
transmission of pulsatile flow, which can impact the integrity of a surgical dural 
closure.
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Fig. 3.4 Subarachnoid cisterns. (Image courtesy of Dr. Michelle Paff, University of California 
Irvine, Neurosurgery Department, 2021)

 Basal Cisterns

The cisterna magna is the largest basal cistern and is the most caudal, sitting poste-
rior to the medulla near the foramen magnum, or the opening of the skull where the 
spinal cord passes. It receives CSF from the fourth ventricle via the foramen of 
Magendie. The cisterna magna can be enlarged in a finding called mega cisterna 
magna. This is typically an incidental finding with no relation to pathology or symp-
tomology. However, when noted perinatally, it can be associated with chromosomal 
abnormality, infection, or a result of accompanying error in posterior fossa 
development.

Anterior to the medulla is the premedullary cistern, which contains the bilateral 
vertebral arteries as they join to create the basilar artery. Working superiorly along 
the posterior part of the clivus is the prepontine cistern, which contains the basilar 
artery and the fifth and sixth cranial nerves. The former enters a CSF pocket called 
Meckel’s cave, which contains the trigeminal ganglion and runs the branches of the 
trigeminal verve to their exiting foramina. The latter runs through the anterior pon-
tine membrane just medial to Meckel’s cave and through dural coverage toward the 
cavernous sinus [10]. Lateral to the brain stem lies the cerebellomedullary and cer-
ebellopontine cisterns.

The cerebellopontine cistern is a notable cistern for intracranial surgery as it 
provides access to the middle cranial nerves and contains the cerebellopontine angle 
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(CPA), which is a common location for surgical pathology. Contained within the 
cerebellopontine cistern are cranial nerves seven and eight, the facial nerve, and 
vestibulocochlear nerve, respectively. These can be traced to their course through 
the internal auditory (acoustic) meatus.

Surrounding the midbrain are the perimesencephalic cisterns, which can be the 
site of non-aneurysmal, spontaneous, subarachnoid hemorrhage. Making up the 
perimesencaphlic cisterns anteriorly is the interpeduncular cistern, anterolaterally 
by the crural cisterns, posterolaterally by the ambient cisterns, and posteriorly by 
the quadrigeminal cistern.

Moving anteriorly from the interpeduncular cistern between the underside of 
the brain and the anterior skull base is the suprasellar or chiasmatic cistern which 
contains the circle of Willis, the optic chiasm, and the pituitary stalk, or infun-
dibulum. The floor of the suprasellar cistern is the diaphragm sella, which is a 
dural continuation of the roof of the cavernous sinus that overlies the sella turcica 
with a small opening for the pituitary stalk. The dura then folds under itself and 
descends into the sella turcica to surround the pituitary gland. In radiographic 
evaluations of concern for intracranial hypertension, the suprasellar cistern can be 
seen to protrude through the diaphragm sella and consume the space in the sella 
turcica. This is a route to expand the fixed volume of the skull and displace CSF 
in abnormal spaces. On imaging this appears as the “empty sella sign” as the 
pituitary gland is pushed to the side and the hypodense CSF fills the cavity 
instead.

An important surgical component of the diaphragm sella is whether parasellar 
pathology has violated it and opened the sella to communications with the CSF- 
filled basal cisterns. If not, CSF leak is unusual during endoscopic, endonasal 
approaches to sella pathology. If the diaphragm sella is compromised either by 
pathology or during a surgical case, the risk of CSF leak postoperatively increases, 
and there is increased importance on the repair of the skull base defect created 
during surgery as well as perioperative, prophylactic measures to decrease 
CSF leak.

Moving superior from the suprasellar cistern is the cistern of the lamina 
terminalis. This lies just anterior to the third ventricle, and approach to the 
third ventricle can be obtained via the posterior border of this cistern, aptly 
named the lamina terminalis. This cistern is entered during approaches to ante-
rior cerebral arteries, as the A1 and A2 segments of the anterior cerebral arter-
ies and the anterior communicating artery are found within the cistern of the 
lamina terminalis.

Other cisterns exist in sulci between cerebral gyri and in the divisions between 
separate lobes. The most prominent is the Sylvian cistern which exists in the Sylvian 
fissure that separates the frontal lobe from the temporal lobe. This cistern contains 
the middle cerebral artery and is frequently opened during neurosurgical procedures 
to access portions of the middle cerebral artery, distal intracranial internal carotid 
artery, and lesions at the skull base.
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 CSF Resorption

Resorption of CSF from the subarachnoid space back into the circulating blood 
volume is primarily thought to occur via protrusions of the subarachnoid space, 
called arachnoid villi, through the dura mater into the main drainage spaces of the 
brain, named dural venous sinuses. Additional resorption is known to happen via the 
lymphatic system from CSF-filled spaces along the cranial and spinal nerve sheaths, 
including the cribriform plate [11]. There is also additional drainage in the adventi-
tia and perivascular spaces of cerebral blood vessels [3]. Resorption is a dynamic 
process, partially dependent on the local pressure gradient, as the pressure in the 
subarachnoid space roughly equals the intracranial pressure – which is much higher 
than the venous or lymphatic pressures. The change in resorption based on pressure 
is also observed in alterations to local pressure dynamics caused during position 
adjustments. For example, there is increased CSF resorption in the lumbosacral 
nerve roots when standing or upright [12]. Additionally, in normal circumstances, 
cervical lymph is 10% CSF, but during times of elevated pressure, CSF can make up 
80% of cervical lymph contents [13].

 Venous Sinuses

Venous sinuses collect all of the venous blood in the brain and return it to the heart 
via the jugular system in the neck, as detailed in Fig. 3.5. They are called sinuses 
rather than veins because they are channels or spaces created between two layers of 
dura mater. They collect blood from draining cerebral veins, both cortical and deep. 
The flow of this blood goes from the superior sagittal sinus at the top of the head, 
midline, and superior to the falx cerebri—which is a dural fold that splits the two 
cerebral hemispheres. The superior sagittal sinus runs from anterior to posterior and 
joins deep drainage of the brain and posterior fossa drainage at the confluence of 
sinuses, or torcula. From the torcula split bilateral transverse sinuses, which run 
laterally and join the superior petrosal sinus drainage of the cavernous sinus and 
cerebellum to become the sigmoid sinus near the mastoid bone. The sigmoid sinus 
meets additional cavernous sinus and cerebellum drainage via the inferior petrosal 
sinus at the jugular bulb in the jugular foramen, which then transitions to the inter-
nal jugular vein. The cavernous sinus lies on either side of the pituitary fossa and is 
thus commonly encountered during endoscopic, endonasal approach to sellar 
pathology and can be a difficult area to control bleeding if there is tumor or iatro-
genic invasion. It receives venous drainage from the eye.

The inferior sagittal sinus mirrors the superior sagittal sinus by running from 
anterior to posterior, but inferior to the falx cerebri along the corpus callosum. The 
vein of Galen is formed by the conjoining of two pairs of veins, the basal veins of 
Rosenthal and the internal cerebral veins. The basal vein of Rosenthal drains the 
mesial temporal lobe and runs along the medial surface of the temporal lobe and 
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Fig. 3.5 Dural venous sinuses. (Image courtesy of Dr. Michelle Paff, University of California 
Irvine, Neurosurgery Department, 2021)

laterally around the midbrain in the ambient cistern. The internal cerebral vein 
drains the choroid plexus and thalamus via the choroidal vein and thalamostriate 
vein, respectively, which join at the foramen of Monro and run as the internal cere-
bral vein along the roof of the third ventricle until meeting with the basal vein of 
Rosenthal at the vein of Galen.

The deep drainage system ends in the straight sinus that runs midline near the 
falx cerebri and connects to the torcula. The straight sinus anteriorly receives corti-
cal drainage from the inferior sagittal sinus and from the deep structures via the 
great cerebral vein or vein of Galen.

Arachnoid villi, also known as arachnoid granulations, are endothelium lined, 
finger-like protrusions of the arachnoid mater through the dura mater of the dural 
venous sinuses to allow the subarachnoid space to communicate with the draining 
blood volume. These have been shown to grow and shrink to alter the surface area 
for modifiable CSF resorption based on the pressure [3]. They are most commonly 
found in the superior sagittal sinus and transverse sinus, commonly next to the con-
fluence of a cerebral vein into the sinus.

 Lymphatics

The importance of lymphatic drainage in CSF resorption into the bloodstream is a 
more novel idea than the findings of arachnoid granulations in the dural venous 
sinuses, but many studies are connecting CSF to the draining lymphatic system of 
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the head. Lymphatic vessels have been found in the dural covering of the brain, as 
well as around the nerve sheaths of cranial and spinal nerves [3, 11]. When research-
ers occlude the neural protrusions through the cribriform plate or the cervical lymph 
vessels, intracranial pressure has been shown to rise [14, 15]. Lymphatic drainage is 
also noted to be decreased in subarachnoid hemorrhage and ischemic strokes, cur-
rently through unknown mechanisms, possibly contributing to the development of 
hydrocephalus seen as a delayed complication in these conditions [16].

The lymph system of the cochlea is connected to the subarachnoid space via the 
cochlear aqueduct. This may provide the association of auditory disturbances 
observed with episodes of elevated intracranial pressure or those seen with patients 
who have undergone ventricular shunting [3].

In animal models, the lymphatic drainage of CSF is seen to decrease with age. 
This supports the hypothesis of age leading to decreased CSF turnover from 
decreased CSF production and resorption leading to increased toxic cerebral metab-
olites and increased development of neurocognitive disorders [11].

 Perivascular Pathway

As CSF fills the perivascular spaces and interfaces with neuronal interstitial fluid, 
increased importance of the perivascular drainage has been noted. The interface 
between the interstitial fluid, CSF, and perivascular drainage is a convective process 
with bidirectional flow. This is increased during sleep, highlighting the importance 
of sleep in clearing toxic waste products of cerebral metabolism [17]. This drainage 
is associated with a protein membrane channel called aquaporin-4 (AQ-4). AQ-4 
knockouts in mice studies are observed to have less CSF drainage via the perivascu-
lar system. The consequences are decreased resorption of dangerous cerebral 
metabolites, such as tau and beta amyloid proteins [18]. AQ-4 is also found to be 
decreased in chronic or repetitive traumatic brain injuries, connecting the increasing 
neurocognitive disorders found in this condition [16].

 Pathology

Intracranial pathology is best understood in the context of a principle called the 
Monro-Kellie doctrine. This states the skull is a fixed, finite volume and the pressure 
within is made up of the volume of its constituents, namely, the brain, blood, and 
CSF. All methods to modulate intracranial pressure are geared toward modulating 
one of those three elements. Ultimately, if intracranial pressure was left untreated 
and continued to increase, those three components would look for routes outside the 
fixed space of the skull. This is what leads to cerebral herniation, and eventually all 
blood would be squeezed out of the intracranial space—leading to brain death.
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Modulating intracranial pressure is an important consideration in skull base 
pathology, as elevated pressure can worsen skull base CSF leaks and disrupt skull 
base reconstructions. The reverse is true as skull base surgery and pathology can 
affect intracranial pressure with mass lesions taking up intracranial space or altering 
CSF flow, intracranial seeding of malignancy or sinus infections, procedural hemor-
rhage, and post-procedural infection, including meningitis and disruption of CSF 
absorption.

Normal values for intracranial pressure (ICP) in adults are typically 5–15 cm 
H2O, while in infants <5 cm H2O. There are normal physiologic processes that can 
temporarily increase ICP, such as any activity that increases cardiac output like 
exercise or any process that decreases venous return like Valsalva maneuvers. Also, 
the concept that the cranial vault is a fixed volume is not true in children, as the 
sutures separating the individual skull bones have not fused and can expand, allow-
ing for increased volume. This is seen commonly in infants with hydrocephalus or 
increased CSF. The size of the head and the openings around the bones in children, 
such as the fontanelles, allow a window into evaluating intracranial pressure.

We will explore each intracranial constituent and how it is modulated in control-
ling intracranial pressure and also how skull base pathology can influence each of 
those elements. However, full depth discussion of the skull base pathology and 
some of the therapies to counter elevated ICP will be found in chapters later in this 
book. In general, approaches to managing intracranial pressure follow a tiered man-
agement approach targeting the etiology of the elevated pressure and moving from 
the least invasive to the most invasive. The obvious exception is in the cases of a 
mass lesion (intracranial hemorrhage, enlarged CSF spaces, or cerebral neoplasms) 
where invasive surgery is often required, urgently in the setting of elevated intracra-
nial pressures.

 Altering Brain

The most direct way to alter the volume of the brain is to physically remove certain 
components. This can become necessary during processes where increases in brain 
volume have raised the intracranial pressure and are putting the rest of the brain at 
risk. Cerebral edema during ischemic stroke or traumatic brain injury is the most 
common etiology. These lead to increased brain volume with the development of 
cytotoxic edema. This is a temporary process, and the affected brain will eventually 
shrink in size to smaller than the original size due to the apoptosis and necrotic cell 
death that occurs. During this temporary increase in edema and intracranial pres-
sure, a procedure called a decompressive craniectomy can be performed to increase 
the volume of the previously fixed and finite cranial compartment. In addition to 
this, lobectomy can be performed if cerebral swelling is expected to exceed the 
additional volume created. During traumatic brain injury, the anterior non-dominant 
frontal lobe (usually the right side) is the safest target without long-term neurologic 
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deficits. During ischemic stroke, portions of the affected brain can be removed if 
necessary [19].

Another approach to decrease brain volume in these two pathologic entities is to coun-
ter the cerebral swelling by increasing the osmolality of the blood to encourage interstitial 
fluid to re-enter the bloodstream. This impacts the affected tissue, but also the currently 
unaffected brain tissue, so there are limits of this approach before neurologic side effects 
occur. The two most common approaches to increase osmolality are to use mannitol or 
hypertonic saline injected intravenously. These will make the blood hypertonic in com-
parison to cerebral tissue and decrease brain volume through fluid migration from the 
brain to the bloodstream. An additional approach to counter cerebral swelling is the use 
of steroids for vasogenic edema caused by tumors. Decreasing brain volume will improve 
ICP through an additional benefit of improved CSF circulation and resorption by opening 
the cisterns and subarachnoid spaces.

 Altering Blood

When considering how to alter the blood component in the intracranial space, we 
have to separate the blood contained in the cerebral vasculature from any blood that 
has violated the barriers in the brain and taken up valuable real estate. This adds vol-
ume to the fixed compartment and may require surgery to remove the foreign collec-
tion. Hemorrhage can occur in any of the intracranial compartments that have been 
created by the meninges of the brain. These compartments are detailed in Fig. 3.6.

Fig. 3.6 Intracranial spaces. (Image courtesy of Dr. Michelle Paff, University of California Irvine, 
Neurosurgery Department, 2021)
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 – Epidural hemorrhage, between the dura and the skull, is most often caused by 
trauma and rupture of a dural vessel/sinus or bleeding from the bone. This is 
often a convex shape as the epidural space is separated in areas where the dura 
attaches to the inside of the skull.

 – Subdural hemorrhage would be between the dural layer and the arachnoid layer 
and is also most frequently caused by trauma. It is a convex shape that forms 
along the outside of the brain and follows the contouring. Other causes include 
rupture of vascular malformation or even spontaneous hemorrhage from cerebral 
sag pulling the brain parenchyma away from the skull and stretching the veins 
that bridge from the parenchyma to the dural sinuses. This etiology can occur 
with age and brain shrinkage or even from over drainage of CSF from a lumbar 
puncture or lumbar drain.

 – Subarachnoid hemorrhage is between the arachnoid layer and the pial layer – or 
the layer right on top of the parenchymal surface. This can occur from trauma, 
but is traditionally attributed to rupture of a cerebral aneurysm. This layer is 
where CSF production, circulation, and absorption occur and is in communica-
tion around the entire brain. Typically surgery isn’t performed to drain the blood 
as it rarely forms a focal mass lesion, but blood in this space can cause a host of 
issues with CSF circulation as well as irritation of the cerebral vasculature.

Outside of surgical evacuation of blood that has formed a mass lesion in the 
brain, sometimes it becomes necessary to decrease the amount of blood in the cere-
bral vasculature in order to decrease intracranial pressure. The least invasive of 
these methods is positioning to maximize venous blood return from the brain. This 
includes elevating the head, ensuring no compression of the major neck veins by 
external devices (such as a cervical collar), and preventing increased abdominal or 
thoracic pressure that would decrease venous return. This is most relevant during 
surgery when positive pressure ventilation results in an increase in thoracic pressure 
and reduced venous return. In an effort to minimize this effect, use of high peep 
should be avoided. In addition, if the peak pressures are elevated, the tidal volume 
is usually reduced, and the respiratory rate increased. Obese patients also have sig-
nificantly increased intrathoracic pressure in the supine position, so reverse 
Trendelenburg is used to minimize this effect.

 Altering CSF

Managing CSF as an intracranial component relies on understanding the tenets dis-
cussed earlier in this chapter. Therapeutic aims to decrease the amount of CSF focus 
on decreasing production, improving circulation, or increasing resorption. The body 
has developed some means to develop an equilibrium between the CSF volume and 
the intracranial pressure, such as decreased production from the choroid plexus and 
increased resorption at the arachnoid villi when ICP is elevated. External interven-
tion is required when these intrinsic processes cannot overcome the pathologic 
disturbances.

3 CSF Physiology and Intracranial Pressure



46

CSF production naturally decreases as we age, and consequently so does the 
resorption as outflow will equal inflow to keep a steady volume of CSF intracrani-
ally. The vessels “feeding” the choroid plexus are similar to the types of vessels that 
first get affected with the calcifications and atherosclerotic changes that come with 
age. This small vessel disease is often not visualized on vessel imaging and usually 
manifests in magnetic resonance imaging. Also, the lymphatic component of CSF 
resorption has also been shown to undergo age-related degeneration, resulting in 
decreased resorption [11]. If one comes first and causes the other, or they share a 
similar process, there is no certainty. But the result is decreased turnover, and one of 
the purposes of CSF reviewed earlier in this chapter is maintaining delicate homeo-
stasis of the neuronal environment and eliminating waste from utilized products. 
The decreased turnover leads to increased concentrations of toxic metabolites and 
development of neuron loss as the subsequent neurocognitive disorders [3].

Not all disease processes altering CSF dynamics can be categorized into just 
affecting production, circulation, or resorption of CSF. Neither do they always result 
in elevated pressure. One example of this is normal pressure hydrocephalus, which 
develops later in life as a consequence of reduced production, reduced resorption, 
increased CSF volume, and decreased brain volume. Despite there being normal 
pressure when tested invasively, some prove to benefit from CSF diversion [20].

 Production

Pathology that increases production of CSF involves tumors of the choroid plexus, 
including choroid plexus papilloma and choroid plexus carcinoma, which are both 
treated surgically. Due to their origin in the choroid plexus, which is an intraven-
tricular substance, these tumors can also cause hydrocephalus via impaired 
circulation.

There aren’t many treatments that are targeted at modulating CSF production, 
but the most common medical treatment is acetazolamide. Acetazolamide is a car-
bonic anhydrase inhibitor, which is an important protein in the production of CSF at 
the choroid plexus. This medication has been used commonly in the treatment of 
idiopathic, intracranial hypertension (IIH) to decrease CSF production and ICP in a 
chronic manner. Many patients do not tolerate the side effects of this medication.

Surgical approach to decrease CSF production involves cauterizing the choroid 
plexus. This is most commonly done in conjunction with a treatment titled endo-
scopic third ventriculostomy, which aims to treat obstructive hydrocephalus by 
improving circulation via a new route from the ventricular system to the cisternal 
system. This combined approach has been utilized to help children with hydro-
cephalus avoid shunts, particularly in developing countries where access to health-
care is less reliable and shunt failure is common and can have dire consequences 
[21]. This technique is yet to be fully investigated in adults.
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 Circulation

Any substance that can disrupt the path from CSF production to CSF resorption can 
cause elevated ICP and development of hydrocephalus. When there is impairment 
of CSF circulation, it is known as obstructive hydrocephalus, where a focal point of 
compression in the ventricular system is causing upstream dilation. Impairment of 
resorption, or communicating hydrocephalus, will be discussed next. Obstructive 
hydrocephalus can occur from congenital causes, such as aqueductal stenosis, or 
developed causes, such as mass effect from a para- or intraventricular tumor causing 
closure of a ventricle. At times, the etiology of hydrocephalus can cause either 
obstructive or communicating hydrocephalus and sometimes a combination of the 
two. One example is intraventricular hemorrhage. Intraventricular hemorrhage and 
subarachnoid hemorrhage are the most common causes of hydrocephalus. If the 
blood traps CSF circulation at the cerebral aqueduct, this is likely to cause a picture 
of obstructive hydrocephalus with upstream dilation of the ventricular system. This 
is a common etiology of hydrocephalus in the pediatric population. However, sub-
arachnoid hemorrhage causing hydrocephalus in adults is most commonly from 
ruptured cerebral aneurysm. This blood is outside the ventricular system and most 
closely associated with CSF absorption sites. Thus it causes a communicating 
hydrocephalus, where the entire ventricular system is enlarged [22]. This is not 
uncommon, known to occur 20–30% of the time after aneurysm rupture [23].

Intraventricular tumors are known to cause obstruction of the ventricular system 
when large enough. These can be categorized by which parts of the ventricular sys-
tem they affect. Choroid plexus tumors were mentioned previously and include cho-
roid plexus papilloma (80% of primary choroid plexus tumors) and choroid plexus 
carcinoma, which typically occur in the first 5 years of life but only accounts for a 
small percentage of pediatric brain tumors (1–5%) [24, 25]. Other intraventricular 
tumors grow from the lining or walls of the ventricles. These include ependymoma, 
subependymoma, central neurocytoma, and subependymal giant cell astrocytoma. 
Lastly, the most common tumor found inside the ventricle does not come from ven-
tricular components. This is the colloid cyst, which is almost always found at the 
foramen of Monro and is made up of primitive neuroepithelium.

Tumors can also grow from other cerebral tissues and obstruct the ventricular 
system when large enough. Third ventricular compression can occur from skull 
base lesions, including pituitary adenomas, craniopharyngiomas, and anterior skull 
base meningiomas. Pineal region tumors may also cause hydrocephalus but putting 
pressure on the tectum resulting in narrowing/obstruction of the cerebral aqueduct. 
Due to the constrictive size of the posterior fossa, masses in that region can cause 
obstructive hydrocephalus from fourth ventricle compression. In adults, the most 
common posterior fossa mass is metastasis, and the most common primary tumor in 
the posterior fossa is a hemangioblastoma. In children, posterior fossa masses are 
the most common site for brain tumors [26]. Medulloblastoma accounts for 30–40% 
of all posterior fossa tumors, followed by pilocytic astrocytoma accounting for 
25–35% [27]. Other less common pediatric posterior fossa masses include 
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ependymoma, atypical teratoid/rhabdoid tumor, brain stem glioma, and teratoma. 
Other etiologies that can cause compression of the ventricular system and obstruc-
tive hydrocephalus include traumatic brain injury with the associated swelling and 
cerebral edema, as well as ischemic and hemorrhagic stroke, particularly in the 
posterior fossa.

There is currently no medication designed to treat the mechanical problem of 
obstructive hydrocephalus, so the mainstays have been surgical and mechanical 
diversion or re-routing of CSF. An external ventricular drain (EVD) is a common 
measure to quickly alleviate hydrocephalus and is one of the first procedures learned 
by training neurosurgeons. This will be discussed in a later chapter in detail. But in 
brief, a catheter is placed through a small burr hole (or twist drill hole)craniotomy 
into the lateral ventricle. This diverts fluid to an external drainage bag and alleviates 
the buildup of hydrocephalus and intracranial pressure. At times, obstructive hydro-
cephalus is known to be permanent, such as in congenital causes or inoperable 
tumors, or the hydrocephalus fails to resolve after obstruction removal. This neces-
sitates a new permanent alternative to circulation, which can come in the form of a 
ventricular shunt. This is a catheter that is placed in a similar fashion to an EVD, but 
the tubing is tunneled under the skin and CSF diverted to another body system to be 
reabsorbed. Most commonly the site is the peritoneal space, but the cardiac atrium, 
pleural space, urinary bladder, and even gall bladder have been used [28, 29].

As mentioned above, ventricular shunts can have frequent problems with clotting 
and infection, and attempts to surgically introduce new routes of circulation have 
been utilized. The most common is the endoscopic third ventriculostomy. This is 
where a hole is made in the floor of the third ventricle into the suprasellar cistern. 
This bypasses the normal route of CSF from the ventricular system to the cisternal 
system, which usually occurs at the foramen of Magendie or Luschka in the fourth 
ventricle. Another procedure that also attempts to connect the ventricles to the cis-
terns is fenestration of the lamina terminalis. As a reminder, the lamina terminalis is 
the anterior wall of the third ventricle, and fenestration of it would connect the third 
ventricle to the cistern of the lamina terminalis which freely communicates with 
other subarachnoid cisterns. This is a common maneuver in the surgical approach to 
clipping anterior circulation aneurysms and has the additional benefit in that surgery 
of providing increased brain relaxation and decreased harmful brain retraction. A 
randomized control trial is evaluating whether this can decrease development of 
hydrocephalus following aneurysmal subarachnoid hemorrhage [30] after meta- 
analyses have shown the maneuver to decrease shunt-dependent hydrocephalus 
from 15.3% to 11.4% [31].

 Resorption

As mentioned earlier in this chapter, CSF is constantly made, and the system experi-
ences turnover about four times daily. This is reliant on a robust and intact CSF 
resorption system, the details of which we have covered. As the final pathway in this 
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system, there are many pathologies that can collect at resorption sites and cause 
disturbances. This can be seen in traumatic brain injury, when inflammatory media-
tors are released from injured brain into surrounding fluid, which then circulate 
around the brain impacting normal tissue and leading to a cascade that can cause 
hydrocephalus [16, 32]. A similar process can occur in both ischemic and hemor-
rhagic stroke [16], and we have already reviewed how subarachnoid hemorrhage 
often leads to hydrocephalus via decreased resorption in 20–30% of cases.

Skull base surgery can also be the etiology of hydrocephalus, as one study 
showed 8% of cranial base surgery patients developed shunt-dependent hydroceph-
alus due to postoperative hemorrhage or meningitis from postoperative CSF leak. 
Anything that can settle in, obstruct, or inflame the resorption sites can lead to 
hydrocephalus. Some tumors approached through skull base surgery must be com-
pletely removed en bloc, as CSF spread has been known to cause aseptic meningitis 
and postoperative hydrocephalus [33]. In addition, some of these processes such as 
meningitis may affect cerebral compliance which can lead to hydrocephalus with-
out a significant increase in intracranial pressure.

Similar to obstructive hydrocephalus, the mainstay of treatment for elevated ICP 
and communicating hydrocephalus from impaired CSF resorption is surgical. 
Unlike obstructive hydrocephalus, these cases almost always require internal shunt-
ing, as creating new circulation routes doesn’t address the primary problem of 
decreased resorption. Novel techniques to establish new connections from the sub-
arachnoid space to the venous sinuses are being developed and trialed, but none are 
in mainstream use [34–36].

 Conclusion

• Reviewed the details of cerebrospinal fluid physiology including the production, 
circulation, and resorption and when those processes malfunction

• Reviewed an introduction to intracranial pressure and how the three constituents 
that make up ICP are modulated

• Set the framework for understanding the intracranial spaces associated with skull 
base surgery and potential pitfalls

• Set up later chapters that will dive into diagnosis, imaging, and treatment of CSF 
leaks, as well as associated repairs of skull base defects
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Chapter 4
Diagnosis of CSF Leak

Charles C. L. Tong

 Introduction

Cerebrospinal fluid (CSF) rhinorrhea is defined by the presence of CSF in the nasal 
cavity as a result of a bony defect and disruption of the dura in the anterior or middle 
cranial fossae. The etiology of the breakdown of the barriers separating the sub-
arachnoid space and the extracranial space can be classified into traumatic, sponta-
neous, or neoplastic. Historically, repairs of CSF leak in the anterior and middle 
cranial fossae were performed by neurosurgeons using open intracranial approaches, 
but subsequent development and widespread adoption of endoscopic approach have 
become the standard of care, with high success rates and decreased morbidity. This 
chapter explores the diagnostic work up and preoperative tests for CSF leaks.

 History and Physical Exam

The etiology of anterior skull base CSF leak is often revealed through careful his-
tory taking and physical examination with nasal endoscopy. The exact location of 
bony defect with dural disruption and the presence of a meningoencephalocele can 
be further characterized with imaging.
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Fig. 4.1 Intoxicated young male ejected from the driver’s seat without his seat belt fastened at 
twice the legal highway speed limit. Non-contrast computed tomography and three-dimensional 
reconstruction showing multiple midface fractures including a severely comminuted zygomatico-
maxillary complex fracture, medial orbital wall fracture, frontal sinus fracture, and mandible frac-
ture (not shown). Initial exam revealed a Glasgow score of 8, severe epistaxis, periorbital 
hemorrhage, and various musculoskeletal injuries. His nasal drainage collected on day 2 of admis-
sion was positive for beta-2 transferrin

 Traumatic CSF Leak

Traumatic CSF leaks may result from blunt head trauma (accidental, Fig. 4.1) or 
penetrating trauma (most often iatrogenic). The incidence of a skull base fracture 
can be as high as 20% among patients with a skull fracture, most commonly in the 
anterior cranial fossa (ACF) [1]. The most common causes of ACF injury are motor 
vehicle accidents and mechanical falls, and risk factors include male gender (>70%) 
and young age (<35 years old) [2, 3]. In recent reports, post-traumatic CSF leaks 
have seen a reduction in rates in adults compared to the past, dropping from 10–30% 
to more recently 2.3%, possibly due to widespread use of safety belt and improved 
vehicle safety features [4, 5]. The most notable reason that the ACP is more vulner-
able than the middle cranial fossa or posterior cranial fossa is the variable depth of 
the cribriform plate and the thin lateral lamellae which can be less than 1 mm thick. 
The depth of the cribriform plate is dictated by the length of the lateral lamellae of 
the ethmoid bone, as classified by Keros in 1962: Type I (1–3 mm depth), Type II 
(4–7 mm depth), and Type III (8–16 mm depth) [6]. Although functional endoscopic 
sinus surgery and neurosurgical procedures are most common surgeries leading to 
iatrogenic ACF CSF leaks, the actual incidence is quite low, estimated between 0.2 
and 0.57% [7, 8]. Nevertheless, proper presurgical planning and patient counseling 
identify patients most at risk for iatrogenic CSF leaks.

C. C. L. Tong



55

Table 4.1 Symptoms and signs of ACF CSF leak

Traumatic (accidental or Iatrogenic) Non-traumatic (spontaneous, neoplastic)

Epistaxis, rhinorrhea Rhinorrhea

Meningitis Meningitis

Ocular or periorbital hemorrhage Hyposmia or anosmia

Other motor or sensory nerve deficits

For patients with ACF fractures and CSF leaks, over 95% of them present early 
in their clinical course (within 48  h) with associated alarming symptoms 
(Table 4.1) [9–11]. Delayed presentations due to limited access to healthcare ser-
vices or lack of initial symptoms usually present with meningitis or intermittent 
rhinorrhea, most often unilateral. The most common sites leading to CSF rhinor-
rhea after trauma are frontal sinus (31%), followed by sphenoid (11–31%) and 
ethmoid sinuses (15–19%) [12]. Temporal bone fractures can also present with 
rhinorrhea via the Eustachian tube.

 Spontaneous CSF Leak

The cerebrospinal fluid is a clear fluid produced mainly by the choroid plexus. It 
consists of glucose (about 60–80% of serum concentration), electrolytes, proteins 
(including beta-2 transferrin), and a few cells. At baseline, this fluid is clear and 
colorless, without significant concentration of immune infiltrates. As the CSF is 
being produced by the plasma passing through the epithelial cells of the choroid 
plexus, it circulates from the lateral ventricles into the cisterns and the subarachnoid 
space prior to being resorbed into the venous system at the level of the arachnoid 
villi. Approximately 500 mL of CSF is produced daily at a rate of 18-24 mL per 
hour, with the total CSF volume being circulated at 90–150 mL in adults [13–15]. 
This equilibrium of production and resorption establishes the hydrostatic pressure, 
which ranges from 5 to 25 cmH2O [16].

Historically, patients with spontaneous CSF leaks have been related to normal 
intracranial pressure, but they are increasingly found to have elevated ICP in lumbar 
punctures measured in recent studies [11, 17–19]. Elevated CSF pressure in the 
absence of a space-occupying lesion or dilated ventricles is most commonly found 
in idiopathic intracranial hypertension (IIH), also known as pseudotumor cerebri. 
Patients with IIH can present with symptoms of pressure-type headaches, pulsatile 
tinnitus, papilledema, visual disturbances, and clear rhinorrhea. They are most com-
monly seen in females of childbearing age and overweight [12, 20–23]. 
Radiographically, IIH patients can have partial or total empty sella syndrome with 
the diaphragma herniating into the sella and displacing the pituitary gland (Fig. 4.2). 
Of patients with sphenoid sinus fistula, over 90% had extensive pneumatization of 
the lateral recess, 60% with arachnoid pits (arachnoid granulations that penetrate 
the dura but do not communicate with the venous system), with a similar number 
with empty sella syndrome [24]. A smaller proportion of patients (30%) was also 
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Fig. 4.2 MRI brain, 
T2-weighted image 
showing CSF replacing an 
enlarged and empty sella

found to have erosion of the dorsum sellae in a separate study, which all support the 
diagnosis of intracranial hypertension [25].

While the exact pathophysiology is not well understood, three main mechanisms 
have been described that could lead to increased ICP: increased venous sinus pres-
sure, decreased CSF resorption, and increased CSF production. Fundamentally, the 
resorption rate of CSF depends on the pressure gradient between the CSF and the 
venous sinus system. A rise in venous sinus pressure stemming from venous sinus 
stenosis is commonly observed in patients with IIH, especially in the transverse 
sinus [26]. Reduction in ICP via CSF diversion has shown to relieve the venous 
stenosis, suggesting another process in causing IIH [27]. Other early studies have 
investigated the potential role for increased CSF production in IIH, but in cases 
where hypersecretion of CSF is known to occur such has choroid plexus papilloma, 
hydrocephalus and ventricular enlargement are observed which are rare in IIH [28]. 
In contrast, obesity is a common risk factor for developing IIH, with majority of 
patients with BMI over 30 [29–32]. Some theorized that excess weight leads to 
increased abdominal mass, thus raising intrathoracic pressure and venous pressure 
[33]. This theory is supported by clinical observations that weight loss improves this 
condition, and subsequent studies have confirmed objective reduction in ICP and 
papilledema in patients with significant weight loss [34, 35]. The mechanism by 
which weight loss improves IIH is not known, and by this theory alone, obese men 
should be equally affected. Inflammatory mediators have become the focus of recent 
investigations as cytokines produced by adipose tissue are found to be significantly 
higher in CSF of IIH patients compared to controls [36, 37]. Concentrations of CSF 
estrone were also found higher in patients with IIH than in controls, although con-
tribution of hormonal factors remains observational [38, 39]. Regardless of the 
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Fig. 4.3 MRI brain, T1-weighted images with contrast. Left image shows a patient with sinonasal 
Ewing sarcoma with extensive intracranial extension. Right image shows a patient with an olfac-
tory groove meningioma

proposed mechanisms leading to increased ICP, it is generally accepted that the 
constant pulsatile pressure exerted on the skull base would ultimately lead to ero-
sions and defects over sites of inherent weakness.

 Neoplastic CSF Leak

CSF leak related to anterior skull base neoplasm can occur through direct erosion of 
the surrounding bone or, most commonly, during resection of the lesion. Tumor 
burden, location, and degree of intracranial extension often dictate the size of the 
dural defect and the difficulty in achieving a water-tight seal (Fig. 4.3). Please refer 
to Sect. 4 and 5 for reconstruction techniques.

 Labs: Halo Sign, Beta-2 Transferrin, Beta-Trace Protein

Diagnosing CSF rhinorrhea has been, and remains, a diagnostic challenge. Advanced 
imaging, such as the high-resolution computed tomography (CT) and magnetic 
resonance imaging (MRI), has greatly enhanced the ability to localize the defect, 
but small fistulas may not be detectable (Fig. 4.4). Nevertheless, the presence of 
CSF in sinonasal drainage is sufficient to support the diagnosis. Historically, the 
“halo sign,” “target sign,” or “double ring sign” has been noted on absorbent sur-
faces (dressing, bedsheets, pillow covers) in patients with active serosanguinous 
rhinorrhea or otorrhea. Since the drainage contains plasma, a central blood stain is 
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Fig. 4.4 Healthy young male presented to a rhinology practice for persistent perennial allergy 
symptoms and clear rhinorrhea. Initial consultation reveals a significant history of hospitalization 
7 years ago in which he presented to a local emergency department with fever, headache, and 
altered mental status. He has poor recollection of the events but recall that he was diagnosed with 
meningitis and was admitted to the intensive care unit. No definitive etiology was determined. On 
nasal endoscopy, a smooth pulsating lesion was identified in the anterior ethmoid cavity. The red 
arrow denotes the bony dehiscence in the anterior skull base as identified on the CT scan and the 
meningoencephalocele on MRI

often observed and is surrounded by a clear or lightly stained ring around it. This 
finding often represents a basilar skull fracture, but it is not specific for CSF, and 
further testing is required for confirmation. If an aspirate of the nasal secretions can 
be collected, further analysis can be performed. As normal CSF glucose concentra-
tion is lower compared to serum glucose (50–80 mg/100 mL or 2/3 of serum glu-
cose), the CSF/plasma glucose ratio has been used to confirm the presence of a leak, 
but it is subject to patient’s glycemic status. Other chemical tests also have limited 
clinical utility due to low specificity and unreliability.

The single most commonly used assay today is the Beta-2-transferrin assay to 
detect the presence of CSF in sinonasal fluid. Also known as the tau protein, β-2 
transferrin is a molecule found only in CSF, perilymph, and aqueous humor but not 
in nasal secretions [40]. It has a high sensitivity approaching 99% and specificity of 
97%; thus it is currently the gold standard in detecting CSF rhinorrhea [41]. In 
patients able to cooperate with examination, nasal secretions can be collected in a 
plain sterile tube by leaning forward or flexing the patient’s head. Location of the 
drainage can suggest the laterality of the defect, but paradoxical rhinorrhea can 
occur due to anatomical obstruction. Occasionally, samples could not be collected 
at the time of exam but in a delayed fashion. It should be noted that β-2 transferrin 
could remain detectable for 14 days stored in room temperature [42]. The perfor-
mance of the assay, which is qualitative, requires several hours to days to process 
contingent on the assay system.

Beta-trace protein is another noninvasive marker that has been used for diagnosis 
of CSF rhinorrhea. Also known as prostaglandin D synthase, it is synthesized 
mainly in the epithelial cells of the choroid plexus and is found in CSF concentra-
tions of 35-fold higher than in plasma [43, 44]. Thus, it is of great interest for the 
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protein to be used as a marker for diagnosis of CSF leak. The main advantage of the 
beta-trace protein assay is that it is quantitative, which can be automated with a 
reported sensitivity of 91% in diagnosing CSF leak [45]. It is certainly less time- 
consuming and labor-intensive than the β-2 transferrin assay, with results available 
in as few as 15 min [46]. However, the beta-trace protein assay is not always suit-
able, as CSF beta-trace levels are significantly decreased in the setting of bacterial 
meningitis [47]. Serum beta-trace protein is also altered by the presence of renal 
disease, although not known to significantly affect the results.

 Fluorescein

One of the most significant advancements in localizing CSF leaks has been the use 
of intrathecal fluorescein (Fig. 4.5). While β-trace protein and β-2 transferrin have a 
high sensitivity and specificity for diagnosis of CSF leakage, the test does not pro-
vide information regarding the site or laterality of the defect. For patients with an 
unclear site of defect, a thorough endoscopic exam following the administration of 
intrathecal fluorescein can aid in identifying potential multiple small defects and 
ensuring successful closure at the end of the case. In small or low flow leaks, a 
blight light filter may be necessary for detection. It should be noted that fluorescein 
is widely used for CSF leak repair, it is not approved by the US Food and Drug 
Administration for intrathecal injection, as complications range from mild to severe 
(malaise, headaches, dizziness, seizures, and cranial nerve deficit) [48, 49]. It is 
generally accepted to mix 0.1 mL of 10% fluorescein with 10 mL of the patient’s 

Fig. 4.5 Pterygopalatine 
fossa dissection for left 
lateral sphenoid recess 
encephalocele repair. 
White dotted circle 
indicates identification of 
intrathecal fluorescein
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CSF and slowly injected over 10 min. Premedication with steroids and antihista-
mines should also be considered [48].

 Complications: Meningitis and Pneumocephalus

The two most common complications of CSF rhinorrhea and ACF defects are men-
ingitis and pneumocephalus. The incidence of meningitis and pneumocephalus is 
more widely reported following ACF, with known factors associated with increased 
risk of infection (GCS score <8, bony displacement over 1 cm, and prolonged CSF 
leak) [4, 50, 51]. While historically meningitis has been reported in as many as 50% 
of cases with CSF leak and mortality of up to 70% in the 1970s, the incidence of 
contemporary rates of meningitis and associated mortality has dropped below 10%, 
likely due to broad-spectrum antibiotics [52–54]. Streptococcus pneumoniae is the 
most common bacteria isolated, followed by Haemophilus influenzae [54]. CSF 
culture-directed antibiotics are often adequate to manage the acute meningitis fol-
lowed by definitive closure of the defect. Pneumocephalus is almost only present in 
CSF rhinorrhea in the setting of a skull base fracture. This may present as a thin 
sliver of gas on the initial CT scan or with extensive subdural and intracranial air. 
While most injuries are managed conservatively, tension pneumocephalus can be 
observed with a characteristic “Mount Fuji sign” with the tips of the frontal lobes 
with a heaped-up appearance. The appearance of this sign often warrants immediate 
relief of the increased intracranial pressure.
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Chapter 5
Imaging for Detection of CSF Leaks

Marin Alisa McDonald

 Introduction

A skull base cerebrospinal fluid (CSF) leak describes the egress of CSF from the 
intracranial subarachnoid space into the extracranial space via an osteodural defect, 
most commonly at the sinonasal or tympanomastoid cavities [1]. Leakage of CSF 
into either the nose or the ear, coined CSF rhinorrhea or otorrhea, was identified as 
pathologic entities over a century ago with a wide range of potential etiologies, 
including post-traumatic, surgical, neoplastic, and spontaneous causes. Subsequent 
decades have shown increasing recognition for the clinical importance of CSF leaks 
as sources of significant potential morbidity and mortality, with persistent CSF rhi-
norrhea carrying a 10 to 37% lifetime risk for meningitis [2–6], as well as increasing 
risk for seizures, cranial neuropathies, and headache [7].

Given the potential long-term consequences of missed diagnosis, the timely and 
accurate identification of a suspected CSF leak is of tremendous clinical import. 
β2-Transferrin protein testing remains the mainstay for confirmation of any sus-
pected case of CSF rhinorrhea or otorrhea with reported sensitivity ranging from 87 
to 100% and specificity of 71 to 94% [7–10]. Once confirmed, imaging plays a criti-
cal role in determining the site of a suspected or confirmed CSF leak, often using a 
combination of high-resolution computed tomography (HRCT) and magnetic reso-
nance (MR) imaging, with or without the use of intrathecal contrast agents. Beyond 
the identification potential routes of CSF leak, radiological evaluation can also aid 
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in the diagnosis of any underlying causative etiology, such as spontaneous CSF 
leaks referable to idiopathic intracranial hypertension (IIH) or in the setting of skull 
base invasion from neoplastic or infectious etiologies [1, 7, 8, 11].

In the course of this chapter, we will review the imaging techniques used to diag-
nose and characterize the sites of CSF leak with an emphasis on noninvasive CT and 
MR imaging. We will highlight common imaging findings of confirmed CSF leaks 
and their causative factors, including traumatic, iatrogenic, and spontaneous leaks. 
We will then discuss potential mimics of CSF leak and common imaging pitfalls in 
this essential diagnosis.

 Diagnostic Techniques

At our institution, initial imaging modalities in the evaluation of suspected or con-
firmed leaks are usually noninvasive, including high-resolution computed tomogra-
phy (HRCT) and magnetic resonance cisternography (MRC). In complex or 
equivocal cases, more invasive techniques including computed tomography cister-
nography (CTC), contrast-enhanced magnetic resonance cisternography (CE-MRC), 
and radionuclide cisternography (RNC) are employed as problem-solving tech-
niques (Table 5.1). Ultimately, the choice of imaging modality and diagnostic accu-
racy remains dependent on local experience, imaging expertise, and the technical 
capabilities at any individual institution.

Table 5.1 Proposed imaging algorithm for patients with confirmed CSF leak
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 Computed Tomography

High-resolution CT (HRCT) of the paranasal sinuses and skull base is often the 
first-line imaging modality of choice in the setting of suspected CSF leak due to its 
relative clinical accessibility and short acquisition time. HRCT performed using 
submillimeter acquisition affords exquisite spatial resolution and superior delinea-
tion of osseous detail, making it ideal to identify potential regions of dehiscence of 
the anterior and posterolateral skull base [12–14]. In a recently meta- analysis, 12 
published studies reported HRCT sensitivity over 80% in the identification of the 
site of a β2-transferrin-confirmed CSF leak [7]. Moreover, a recent investigation 
indicated that the size of the defect can be accurately predicted on HRCT to within 
2 mm in 75% of cases [12] assuming minimum collimation and the ability to gen-
eral multiplanar reformats. Adding to the potential utility of this technique, the iden-
tification of osseous dehiscence by HRCT is not dependent on the presence of an 
active leak at the time of imaging, making it ideal for the investigation of subtle 
abnormalities or slow-flowing leaks [11, 15]. Furthermore, dedicated HRCT of the 
paranasal sinuses and skull base affords the surgeon a detailed view of the remain-
der of the sinonasal cavity for surgical planning and intraoperative navigation dur-
ing endoscopic repair [12, 14, 16].

HRCT performed for the identification of CSF leak should include minimum 
detector collimation, thin-section (0.5 mm or 0.625 mm) acquisition utilizing bone 
algorithms [1, 11, 17]. In general, axial images are considered superior for the eval-
uation of the vertically oriented structures of the skull base, including the posterior 
frontal and lateral sphenoid sinuses and in the evaluation of the mastoid air cells 
(Fig. 5.1). In distinction, coronal images offer advantage in the assessment of the 

a b

Fig. 5.1 High-resolution computed tomography (HRCT). Axial 0.625 mm direct acquisition (a) 
and reformatted coronal 1 mm (b) images of the anterior skull base obtained per HRCT protocol 
using bone algorithm reconstructions. In (a), axial views afford detailed evaluation of the vertically 
oriented components of the skull base, such as the posterior walls of the frontal sinus (arrows). 
Coronal reformats are ideally suited to assess the floor of the anterior cranial fossa, including com-
mon sites of CSF leak such as the olfactory fossa/cribriform plate (arrow), the lateral lamella (open 
arrow, shown near the attachment of the middle turbinate), and the fovea ethmoidalis (arrowheads)

5 Imaging for Detection of CSF Leaks
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longitudinally oriented cribriform plates, planum ethmoidale, planum sphenoidale, 
and temporal tegmen (Fig.  5.1). As such, historical acquisition parameters have 
included both axial and direct coronal planes for improved in-plane resolution, 
requiring prone positioning of the patient, significant neck extension within the gan-
try, and increased radiation dosage. Modern multi-detector CT now involves rapid, 
continuous volumetric acquisition with isotropic voxels, allowing for the creation of 
high-quality, high-resolution coronal and sagittal reformats from a single axial 
acquisition [1, 11]. Unless the location of a CSF leak is known, a thorough work up 
of CSF rhinorrhea requires HRCT imaging of the anterior, central, and posterolat-
eral skull base as CSF leaking into the middle ear cavity can present as rhinorrhea 
via egress through the Eustachian tubes [18]. Therefore, the authors recommend a 
field-of-view inclusive of the sinonasal cavity, anterior and central skull base, and 
temporal bones for complete evaluation of suspected or confirmed CSF rhinorrhea.

Relative disadvantages of HRCT include the inability to assess for a concomitant 
dural defect in the setting of multiple regions of osseous thinning at the skull base. 
HRCT is also limited in the ability to discriminate between adjacent mucosal thick-
ening and secretions from a suspected CSF collection in the paranasal sinuses [11, 
16]. These limitations may contribute to the wide ranges of specificity of HRCT in 
the detection of a CSF leak reported in the literature, ranging from 57 to 100% [7, 
19]. However, if only single osseous defect is identified on HRCT corresponding to 
the clinical symptoms, the patient can proceed to surgical repair without further 
imaging [12, 14].

 Magnetic Resonance Cisternography

Magnetic resonance cisternography (MRC) is often performed as an adjunct or even 
a stand-alone imaging study in the setting of confirmed CSF leak due to superior 
soft tissue resolution and ability to increase the conspicuity of CSF based on the 
imaging technique utilized. Most MRC protocols exploit heavily T2-weighted 
(T2W) 3D-fast (turbo) spin echo (e.g., T2 SPACE, T2 CUBE) or steady-state-free 
precession (SSFP) sequences to highlight the intrinsic T2 prolongation of CSF rela-
tive to the adjacent neural and osseous elements, as well as facilitating the creation 
of multiplanar reformats from submillimeter acquisition [11, 20] (Fig. 5.2). In this 
manner, MRC can not only confirm but also identify the site of a CSF leak by visu-
alizing a contiguous CSF column extending through a defect in the floor of the 
anterior cranial fossa, tegmen tympani, or tegmen mastoideum. Collectively, studies 
report a sensitivity of 56–94% for CSF leak detection, with a specificity of 
57–100% [7].

A further advantage of MRC relative to HRCT is the ability to identify herniation 
of the meninges or neural elements (e.g., meningocele or meningoencephalocele) in 
association with an ongoing CSF leak [1, 11, 14]. Underlying meningoencephalo-
cele should be considered in the setting of a skull base defect with downstream 
opacification of an adjacent sinus or mastoid air cell, particularly if the opacification 
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a b c

Fig. 5.2 Magnetic resonance cisternogram (MRC). Although various protocols exist, the mainstay 
of MRC is the use of a combination of multiplanar small field of view, thin section fast-spin-echo, 
and steady-state-free-precession (SSFP) imaging. In (a) coronal T2 fat-saturated images clearly 
depict the olfactory nerves in the olfactory groove (arrows), with easy differentiation from adjacent 
mucosal thickening of the ethmoid air cells (arrowheads). MRC performed to evaluate for recur-
rent leak after endoscopic nasal surgery (b and c) utilized both SSFP/FIESTA imaging (b) and thin 
section T1 fat-saturated post-contrast sequences (c) to clearly delineate the difference between 
native CSF signal (b and c, arrows) and adjacent mucosal thickening of the planum ethmoidale (b 
and c, arrowheads). No CSF leak was identified on the examination, and the patient continues to 
do well 2 years after surgery

is lobulated or anti-dependent. Although differentiation between fluid opacification 
and neural elements is often difficult by CT, the superior soft tissue resolution of 
MR easily distinguishes brain parenchyma from CSF, helping to aid surgical plan-
ning prior to repair (Fig. 5.2). The use of additional fast-spin echo and fast spoiled 
gradient-echo sequences, particularly with intravenous contrast and fat suppression, 
can further help identify potential complications related to CSF, such as retrograde 
meningitis and encephalitis.

One limitation of MRC is its dependence upon the presence of an active leak at 
the time of imaging to successfully identify the region of communication between 
the intracranial and extracranial compartments. Coupled with an inherently lower 
spatial resolution of the osseous skull base, many authors advocate use of both 
HRCT and MRC, with a combined reported accuracy of 92–100% in the current 
literature [21–23].

 Contrast-Enhanced Cisternography

In contrast to the previously described imaging methodologies, contrast-enhanced 
CT and MR cisternography are invasive techniques, requiring the administration of 
intrathecal contrast, usually via lumbar puncture in the fluoroscopy suite. With 
improvements in both HRCT and MRC, intrathecal contrast-based imaging is uti-
lized as a problem-solving tool at our institution, reserved for complex or equivocal 
cases after other imaging modalities have been employed.

CT cisternography (CTC) was previously the gold standard in the evaluation of 
potential CSF leaks, but now is predominantly used as a problem-solving technique, 
particularly to help pinpoint the site of an active leak in the setting of multiple 
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Fig. 5.3 Computed tomography cisternogram (CTC). 62-year-old patient presented with chronic 
but intermittent watery rhinorrhea, with β2 transferrin confirmed CSF leak at an outside institution. 
HRCT identified asymmetric opacification of the right superior meatus (a, arrowhead), although it 
was unclear if this was due to a low-lying right olfactory fossa or underlying osseous dehiscence. 
MRC revealed asymmetric opacification of the right superior meatus with otherwise appropriate 
localization of the right olfactory nerve (b, arrowhead). Of note, no clear CSF column could be 
identified on this study. In this setting, CTC was pursued as a problem-solving technique, demon-
strating contrast accumulation through the right cribriform plate into the right nasal cavity (c, 
arrowhead) confirming CSF leak in this location

a b c

Fig. 5.4 CTC in the setting of complex skull base findings. In this patient with a history of prior 
facial trauma and β2 transferring positive rhinorrhea, multiple regions of thinning of the anterior 
skull base structures were noted, including involving the bilateral lateral lamella (a, arrowheads) 
and the left fovea ethmoidalis (b, arrow). Subsequent CTC performed with provocative maneuver-
ing revealed contrast extravasation through the left fovea defect (c, arrow) as the site of the patient’s 
ongoing CSF leak

osseous defects [14, 24] (Figs. 5.3 and 5.4). CTC protocol involves obtaining HRCT 
in both the prone and supine positions through the region of interest before and after 
low osmolality intrathecal contrast material is introduced. One advantage to CTC is 
the ability to perform provocative maneuvers at the time of imaging, such as sneez-
ing or head hanging, to attempt to improve delineation of a leak. Evaluation of the 
obtained imaging requires comparison of the pre- and post-contrast scans, with a 
positive result considered if there is an increase in the attenuation of an opacified 
structure (sinus, nasal cavity, middle ear, etc.) adjacent to a skull base defect 50% or 
more above the baseline on the noncontrast examination [14]. The utility of a CTC 
is limited to patients in whom an active leak is present or elicited by provocative 
maneuvers. Additional pitfalls of this technique can include obscuration of small 
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leaks by adjacent sclerotic changes of the paranasal sinuses or high-density, inspis-
sated secretions, as well as the presence of blood. In combination, these factors may 
account for some degree of the disparity of reported sensitivities, ranging from 33% 
to 100% [7, 19, 22].

Intrathecal, contrast-enhanced techniques can also be combined with the MRC 
technique, utilizing thin-section, T1-weighted sequences obtained in multiple 
planes after the administration of gadolinium-based contrast. Similar to CTC, a 
positive study demonstrates contrast extravasation through an osseous and dural 
defect of the skull base and must be interpreted in conjunction with HRCT. Studies 
have shown enhanced sensitivity for detection of CSF leaks compared to both 
HRCT and standard MRC, with up to 100% sensitivity for high-flow leaks and 60% 
to 70% sensitivity for slow-flow leaks [20, 25, 26]. Some of this improved sensitiv-
ity may stem from the ability to perform delayed imaging up to 24 h after gadolin-
ium administration, which can be particularly useful in slow-flowing or intermittent 
leaks [26]. As with all MR-based protocols, superior soft tissue resolution and 
increased conspicuity of CSF afford the ability to detect concomitant meningoceles 
as well as improved discrimination of leaking contrast from adjacent sclerotic or 
hypertrophied bony structures compared to CTC. Although several studies indicate 
good safety data using low-dose intrathecal gadolinium in other countries, intrathe-
cal administration remains an off-label use of gadolinium by the US Food and Drug 
Administration (FDA), and long-term safety studies are still pending. As such, 
given the invasive nature of the study, the known neurotoxicity of gadolinium in 
high doses, and current off- label use, selective employment of this technique as a 
problem-solving tool only is recommended and only after thorough off-label use 
consent.

 Nuclear Medicine Cisternography

Radionuclide cisternography (RNC) is a nuclear medicine diagnostic examination 
involving the intrathecal administration of technetium-99 or indium-111 radio-
tracer. Multiple pledglets are introduced to the nasal cavity followed by placing the 
patient in the Trendelenburg position to facilitate craniad tracer flow [1, 16]. Pledglet 
radioactivity is measured after 24 to 48 h to confirm the presence of a CSF leak, 
with a positive study heralded by a pledglet to serum plasma tracer ratio of 2:1 or 
3:1 [1]. RNC is limited to the detection of active leaks and only offers minimal, if 
any, information about leak location given the inherent mixing of nasal secretions 
from side to side and the possibility of CSF rhinorrhea stemming from an underly-
ing temporal bone process [1, 11, 14]. For these reasons, and due to its invasive 
nature, RNC is only selectively employed at our institution as a problem-solving 
measure for CSF leak confirmation.
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 Imaging Findings of CSF Leak

Imaging hallmarks of CSF leak on HRCT include an osseous defect in the skull 
base associated with an air-fluid level or opacification of the contiguous sinus, mas-
toid air cells, or middle ear cavity. The most common location for a skull base CSF 
leak is at the cribriform plate although several additional locations are also com-
monly implicated, including the anterior ethmoid, posterior ethmoid, sphenoid, and 
frontal sinuses [1] (Fig. 5.5). CSF leaks from the temporal bone tegmen are rela-
tively less common but should be included in imaging protocol as CSF leakage into 

a b

c d

Fig. 5.5 Common sites of traumatic CSF leaks on HRCT. In (a), 1 mm bone algorithm coronal 
reformats clearly elucidate a focal region of pneumocephalus (arrowhead) adjacent to an otherwise 
subtle fracture of the right lateral lamella near the insertion of the middle turbinate. Focal pneumo-
cephalus also heralds a subtle, minimally displaced fracture of the right fovea ethmoidalis (b, 
arrow) with associated CSF leak suspected based on downstream opacification of the adjacent 
superior ethmoid air cell (b, arrowheads). Bone algorithm axial 0.625 mm acquisition easily iden-
tifies a nondisplaced fracture extending through the anterior and posterior walls of the right frontal 
sinus (c, arrows) in the setting of facial trauma. In (d) coronal 1 mm bone algorithm reformats 
successfully resolve a mildly displaced fracture of the right tegmen mastoideum (arrow) with 
downstream opacification of the right-sided mastoid air cells, raising concern for post-traumatic 
CSF leak (arrowheads)
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the middle ear can also manifest as rhinorrhea via egress through the Eustachian 
tubes [11, 14, 18] (Fig. 5.5). Anterior skull base defects are usually adjacent to the 
vertical insertion of the middle turbinate or at the lateral lamella, although normal 
thinning of these structures can make specific leak site detection difficult [1]. 
Identification is aided by comparing to the contralateral side, scrutinizing for subtle 
associated pneumocephalus adjacent to a fracture line, as well as identifying asym-
metric mucosal thickening or soft tissue opacification beneath a suspected osseous 
defect as the first sign of an underlying meningoencephalocele (Figs. 5.6 and 5.7).

As adjunct imaging, or in the case of suspected meningoencephalocele, MRC 
may further help localize the leak by identifying a contiguous CSF column extend-
ing through a deficiency in the skull base and adjacent dura (Fig. 5.6), although this 
is contingent upon an active leak being present at the time of imaging. Further mul-
tiplanar T1- and T2-weighted imaging of the skull base is essential to detect the 
presence of an underlying meningocele/meningoencephalocele. Other indirect 
signs of CSF leak can also be revealed by MR, including variable degrees of enceph-
alomalacia associated with an ongoing leak [11] (Fig.  5.6), associated dural 
enhancement (in the case of concurrent intravenous contrast administration), as well 
as the identification of potential intracranial complications, including meningitis/
cerebritis (Fig. 5.8). Contrast-enhanced CT and MR cisternography evaluations are 
both based on identification of extravasated contrast via an osteodural defect in the 
skull base, often quantified in comparison to pre-contrast images, as previously 
described.

a b

Fig. 5.6 Traumatic meningoencephalocele. 35-year-old male presents with new-onset seizures 
and watery nasal discharge for 1 year after assault. HRCT reveals focal dehiscence of the right 
cribriform plate (a, arrow) with polypoid opacification of the downstream ethmoid air cell (a, 
arrowhead). Concern for CSF leak and associated meningocele was raised and confirmed on MRC, 
with T2 fat-saturated sequences revealing herniation of the right gyrus rectus through the osteo-
dural defect (b, arrow) and contiguous CSF column extending into the superior ethmoid air cells 
(b, arrowheads). Note associated gliosis of the right gyrus rectus, potentially contributing to the 
patient’s ongoing seizure activity (b, open arrows)
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a b c

Fig. 5.8 Traumatic CSF leak with associated meningitis. 55-year-old male presenting as transfer 
from outside institution 1 month after left-sided head strike with persistent left-sided ear pain and 
constitutional symptoms. HRCT at our institution revealed a previously overlooked, subtle region 
of dehiscence of the left tegmen mastoideum (coronal reformats in a, arrow), prompting evaluation 
by MRC. In (b) T2 CUBE sequences were employed demonstrating a subtle meningoencephalo-
cele through the queried defect (b, arrows). MRC also revealed asymmetric edema within the left 
inferolateral temporal lobe (b, arrowheads) with associated enhancement of the leptomeninges 
(axial T1 post-contrast in c, arrows) raising concern for superimposed meningitis due to ascending 
infection from the left middle ear cavity, later confirmed by lumbar puncture

a b

Fig. 5.7 Traumatic meningoencephalocele. In (a) 1 mm bone algorithm coronal reformats reveal 
comminuted fracture deformity of the superior, medial, and inferior right orbit extending through 
the floor of the frontal sinus and fovea ethmoidalis (a, arrow). Asymmetric opacification of the 
right superior meatus and anterior ethmoid air cells (a, arrowheads) raised concern for ongoing 
CSF leak and meningoencephalocele given proximity to the right frontal lobe. Subsequent MRC 
confirmed herniation of the adjacent anteroinferior frontal convexities into the frontal sinus defect 
(coronal T2 imaging in b, arrow) and into the olfactory fossa (b, arrowheads). Subsequent endo-
scopic and open repair of the skull base was performed with frankly gliotic brain noted herniating 
through the osteodural defect, which was successfully resected

With these general principles in mind, it is important to note that the imaging 
appearance of a CSF leak is dependent upon the underlying etiology, whether trau-
matic, iatrogenic, spontaneous, or secondary to underlying neoplastic, congenital, 
or infectious causes.
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 Traumatic CSF Leaks

The majority of skull base CSF leaks are associated with traumatic injuries, with 
10% to 30% of skull base fractures complicated by concomitant CSF leak [14, 16, 
27]. Tightly adherent dura along the inherently thin cribriform plates and planum 
ethmoidale/sphenoidale may explain the propensity for comminuted anterior cra-
nial fossa fractures to result in CSF leak, although CSF from fractures of the poste-
rior frontal sinus, lateral walls of the sphenoid sinus, or even the sella turcica have 
also been reported (Fig. 5.5). CSF leak frequency ranges from 11 to 45% of patients 
with underlying temporal bone fractures, more often in the setting of otic capsule 
violation [28]. Although displaced or comminuted fractures are rarely a clinical or 
diagnostic dilemma, subtle or nondisplaced fractures can be overlooked by routine 
CT; in this setting, the presence of intracranial pneumocephalus can be the first clue 
for a subtle osseous traumatic injury and should prompt careful interrogation of the 
adjacent skull base and/or repeat evaluation with HRCT (Fig. 5.5).

 Iatrogenic CSF Leaks

CSF leak is a known complication of both neurosurgical and otolaryngologic proce-
dures, with a reported overall incidence of 14% via endoscopic and endonasal 
approaches to the anterior and central skull base [29] (Fig. 5.9). As such, the timely 
reporting of variant anatomy of the anterior cranial fossa and central skull base is of 
critical importance on presurgical HRCT, including the Keros classification of the 
olfactory fossa and any associated asymmetry of the cribriform plate [30]. Variant 
sphenoid sinus pneumatization should also be reported, as well as any extension 
anteriorly into the clinoid process, laterally into the sphenoid wing, inferiorly into 

a b c

Fig. 5.9 Iatrogenic CSF leak. In (a) coronal reformatted images from CT angiography performed 
for surgical planning prior to resection of a transpatial sinonasal osteoma (a, arrowheads) demon-
strating close approximation with and thinning of the planum sphenoidale (a, arrow). Although 
initially asymptomatic, the patient began to complain of watery rhinorrhea and worsening head-
aches on postoperative day 2. Subsequent HRCT demonstrated a focal osseous dehiscence of the 
left planum sphenoidale (b, arrow) with progressive pneumocephalus (b, arrowheads). Given con-
cern for ongoing CSF leak, surgical exploration was performed revealing multiple dural tears and 
exposed brain in the region of osseous dehiscence, which was then repaired with an extensive 
nasoseptal flap (c, arrowheads)
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a b c

Fig. 5.10 Postsurgical CSF leak. 30-year-old female presented with copious clear rhinorrhea after 
left translabyrinthine approach epidermoid resection (show in a, axial T2 sequence, arrows). 
HRCT revealed several areas of potential osseous dehiscence involving the tegmen tympani (b, 
arrow), although fat-grafting material appeared to approximate the potential defect in this location. 
Instead, there was an additional 10 mm region of dehiscence of the left petrous ridge (b and c, 
arrowheads) with apparent contiguous CSF column extending from this defect through to the left 
middle ear cavity (T2-weighted coronal image in c, arrow), subsequently confirmed as the site of 
ongoing leak by surgical re-exploration

the pterygoid plate, or posteriorly into the clivus, as associated bony thinning can 
increase the risk of postoperative CSF leak [31]. Most iatrogenic leaks occur within 
the first 2 postoperative weeks and resolve spontaneously [14]; if repair is indicated, 
typically only preoperative HRCT is required as the location of the leak is assumed 
at the surgical site, although initial evaluation can be difficult in the immediate post-
operative setting given adjacent post-surgical material and hemorrhage (Fig. 5.10).

 Secondary CSF Leaks

In the absence of trauma or prior surgery, there are many additional potential caus-
ative etiologies of CSF leak at the skull base, including sinonasal or primary skull 
base malignancy (Fig. 5.11), prior radiation therapy/osteoradionecrosis, or congeni-
tal abnormalities, including encephaloceles, persistent craniopharyngeal canal, or 
primary empty sella syndrome.
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Fig. 5.11 CSF rhinorrhea related to neoplasia. 53-year-old female presenting with positional 
headaches and bilateral rhinorrhea. Screening head CT revealed a widened sella with a focal osse-
ous defect of the anterior sella turcica and posterior wall of the sphenoid sinus (a and b, arrow-
heads). Internally, a polypoid, anti-dependent mass was noted without definite continuity with the 
brain parenchyma of the medial temporal lobes (b, arrowheads). Follow-up MRI demonstrated 
transpatial, T2 hypointense mass extending through the anteroinferior aspect of the sella turcica 
with low-level internal enhancement (coronal T2 fat-saturated in C and T1 post-contrast in d, 
arrows), compatible with underlying pituitary macroadenoma. Although no definite contiguous 
CSF column was identified through the osteodural defect of the central skull base, T2 hyperintense 
fluid in the adjacent sphenoid sinus (c, arrowheads) raised suspicion for subtle associated CSF leak 
as the cause of the patient’s ongoing rhinorrhea

 Spontaneous CSF Leaks

The last several decades have seen increased prevalence of idiopathic intracranial 
hypertension (IIH), a headache syndrome characterized by supranormal intracra-
nial pressure without clear cause, classically seen in overweight women associ-
ated with visual disturbance, papilledema, and other potential neurologic 
stigmata [32]. Spontaneous CSF leaks are becoming a frequent presentation of 
IIH and one of the most common indications for imaging in the setting of CSF 
leak [33, 34]. In this cohort of patients, it is proposed that elevated intracranial 
pressures leads to increased magnitude of dural pulsations, weakening the 
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a b c

d e f

Fig. 5.12 Spontaneous CSF leak in the setting of idiopathic intracranial hypertension. 59-year-old 
female presenting with postural headaches and intermittent left-sided rhinorrhea. HRCT demon-
strated thinning of both cribriform plates (a, arrowheads) with subtle downstream opacification of 
the left greater than right superior nasal cavity. Associated widening of the sella turcica (b, arrow) 
and foramen ovale (c, arrows) raised suspicion for elevated intracranial pressures. MRC (sagittal 
T2 CUBE sequences in c and d) confirmed active CSF leak on the left with contiguous CSF signal 
extending through the osteodural defect of the left cribriform plate (c, arrowheads). Associated 
meningoencephalocele with herniation of the olfactory bulb through the defect in the cribriform 
plate is best depicted on sagittal reformats (d, arrowheads). Additional stigmata of IIH were identi-
fied on the MRC, including widening of the sella turcica with flattening of the pituitary gland  
(e, arrow) and stenosis of the dural venous sinuses at the level of the transverse-sigmoid junctions 
(f, post-contrast MR venogram in e, arrows)

osseous skull base and resulting in multiple regions of thinning and dehiscence 
seen on HRCT [35, 36]. Loss of osseous integrity, coupled with elevated intra-
cranial pressures, allows for the formation of multiple arachnoid pits/granula-
tions and, eventually, dural tears with associated CSF leak. Although imaging 
findings are not in the diagnostic criteria for IIH, there are several MR imaging 
features that have been associated with IIH in the literature, including an 
expanded sella with a partially empty configuration, optic nerve sheath enlarge-
ment/tortuosity, flattening of the posterior globe, and/or papilledema [13, 37] 
(Figs. 5.12 and 5.13). Other works have described stenosis between the junction 
of the transverse and sigmoid sinuses as the most specific feature of IIH, although 
it remains unclear if this is a causative agent or secondary finding in this clinical 
diagnosis [38] (Fig. 5.12). Nevertheless, these imaging features in conjunction 
with clinical signs of papilledema and elevated opening pressure on lumbar 
puncture are strongly suggestive of the diagnosis of IIH. Given the propensity for 
multifocal regions of osseous thinning and the increased risk of meningocele/
meningoencephalocele formation, patients with suspected or confirmed IIH often 
require multimodal imaging work up including both HRCT and MRC prior to 
any elective intervention.
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Fig. 5.13 Spontaneous CSF leak in the setting of idiopathic intracranial hypertension. 70-year-old 
female with 3-month history of intermittent vertigo, sinonasal congestion, and watery nasal dis-
charge. An 8 mm defect was noted in the lateral wall of the right sphenoid sinus on HRCT (a, 
arrow) with polypoid opacification of the sinus lumen (a, open arrow) concerning for CSF leak and 
possible meningoencephalocele. Subsequent MRC demonstrated a large meningoencephalocele 
extending through the sphenoid sinus defect (b and d, arrows) with contiguous opacification of the 
sphenoid sinus with CSF as demonstrated by uniformly T2 hyperintense signal on heavily 
T2-weighted volumetric sequences (b). For this example, phase-sensitive-inversion-recovery 
(PSIR) sequences were also performed (d) which display native subarachnoid CSF signal as 
hypointense relative to the adjacent bony structures, which can be helpful in the discrimination 
between CSF and marrow signal. Also note additional focal regions of bony thinning of the inner 
margin of the middle cranial fossa (on HRCT in a, arrowheads), revealed as additional small 
meningoencephaloceles (b, arrowheads), in keeping with the diagnosis of IIH

 Pitfalls and Mimics

There are numerous challenges in the imaging evaluation of patients with suspected 
or confirmed CSF rhinorrhea and otorrhea. Some of the more frequently encoun-
tered include:

 – MRC, CTC, and contrast-enhanced MRC are dependent upon the presence of an 
active CSF leak at the time of imaging and, as such, may fail to detect intermit-
tent or very-slow flow leaks at the time of imaging.

 – Although HRCT can identify bony defects regardless of leak activity, thinning 
and irregularity of the skull base structures of the anterior and middle cranial 
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fossa are a relatively common finding in the population in the absence of clinical 
concern for CSF leak.

 – Particularly in the setting of IIH or polytrauma, multiple osseous defects, and 
even multiple meningoceles, may be present in one patient, making the identi-
fication of the true site of active leakage difficult on HRCT. MR cisternogram 
can be helpful in this setting, but can result in the occasional false negative if 
the patient is not leaking at the time of imaging. In these cases, consideration 
of CTC or contrast-enhanced MRC is recommended, potentially with provoca-
tive maneuvers or delayed imaging, as problem-solving tools for better 
localization.

 – Evaluation of contrast extravasation using CTC in the postoperative setting can 
be obscured by other high-density components, including hypertrophied osseous 
structures, inspissated secretions/blood products, and granulation tissue. 
Comparison between pre- and post-contrast images and careful windowing using 
soft tissue algorithms can be helpful to discriminate between artifact and true 
egress of contrast.

Although there is no real differential diagnosis for an underlying CSF leak, there 
are several imaging findings on HRCT that may mimic the opacification pattern of 
a CSF leak, yet belie a more insidious process. Ostiomeatal unit pattern sinonasal 
inflammatory disease, particularly if long standing, can result in various degrees of 
neo-osteogenesis and osseous thinning, although intact periosteum may be in place 
in the absence of symptoms referable to CSF rhinorrhea. Both CSF leaks and malig-
nancy can present as unilateral opacification of the sinonasal cavity; in this case, 
frank osseous destruction of the intervening bony boundaries can tip the radiologist 
toward a diagnosis of underlying malignancy, which is easily confirmed by MRI 
(Fig. 5.14).
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Fig. 5.14 Mimics of CSF leak. Coronal bone algorithm reformatted HRCT images (a and c) on 
two different patients, both of which demonstrate dehiscence of the floor of the anterior cranial 
fossa (a and c, arrowheads) with associated downstream opacification of the adjacent left ethmoid 
air cells (a and c, arrows). However, the follow-up MRI (coronal T2 weighted in b) in this patient 
with several months of long-standing left-sided nasal obstruction revealed a T2 hypointense mass 
extending from the superior meatus through the nasal cavity (b, arrows), now biopsy confirmed 
sinonasal neuroectodermal tumor (SNEC). In distinction, the patient in c presented with a history 
of remote trauma, chronic rhinorrhea, and recurrent meningitis, raising suspicion for an underlying 
CSF leak consequent to a previously undiagnosed fracture of the left lateral lamella. T2-CUBE 
sequences (coronal in d) were confirmatory, detailing a post-traumatic meningoencephalocele 
extending into the left anterior ethmoid air cells (d, arrow)
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Chapter 6
Conservative and Medical Therapy 
for Cerebrospinal Fluid Leaks

Jacob G. Eide and Michael A. Kohanski

 Introduction

Cerebrospinal fluid (CSF) leaks and associated management are largely dependent 
on the volume, location, and etiology of the skull base defect. CSF leaks can broadly 
be separated into traumatic, spontaneous, and iatrogenic categories, which inform 
and guide the treatment pathways. Conservative medical treatment—focused on 
bed rest, treatment of comorbid intracranial hypertension, minimizing straining, and 
meningitis prophylaxis—and surgical repair of the skull base are the predominant 
treatment modalities. Conservative therapy relies on healing by secondary intention 
to close a skull base dehiscence and seal off the intracranial space, although perma-
nent epithelialized tracts (fistulas) are unlikely to close with non-surgical therapy 
[1]. Of note, CSF diversion—either by lumbar drain, external ventricular device, or 
ventriculoperitoneal shunt—plays a prominent role for many physicians in the role 
of CSF leak therapy. CSF diversion will be discussed in detail in other chapters. In 
this chapter we highlight the indications for conservative medical management out-
side of CSF diversion and describe the current treatment paradigm.
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 Indications for Medical Management

Prior to decisions on treatment, the presence of a CSF leak must be confirmed, and 
the extent of the skull base defect delineated (please see preceding chapters for 
discussion on diagnosis and imaging modalities). The role of medical therapy for 
primary management of CSF leaks is controversial in the literature with some 
authors advocating for surgical repair of all leaks as soon as feasible [1]. There are, 
however, several scenarios where medical, nonoperative management has been 
utilized.

The most common indication for medical management is in cases of traumatic 
CSF leaks, where comorbid injuries to the central nervous system or resulting 
hemodynamic instability may delay operative repair while the patient is stabilized. 
The amount of time to delay operative management of a traumatic CSF leak is 
highly dependent on the patient’s other injuries, overall prognosis, and goals of 
care. Some authors have proposed a short waiting period to see if small traumatic 
leaks will close spontaneously—with the ideal candidate having a small skull base 
defect, few comorbidities, and normal intracranial pressure [2]. An initial waiting 
period of 3–7 days has been suggested, noting that 3 days of conservative therapy 
has been effective in 39.5–68% of cases and improves to 85% after 7  days [3]. 
Conservative therapy must be balanced with increasing risk of meningitis with 
5–11% risk of meningitis in the first week, which increases to 55–88% after 1 week 
[3, 4]. It should be noted that CSF leak from the middle cranial fossa is more likely 
to cease without surgical intervention (60%) than anterior cranial fossa fractures 
(26.4%), which may suggest that a shorter waiting period for the latter is appro-
priate [3].

The role for medical therapy, specifically acetazolamide, in spontaneous CSF 
rhinorrhea is even more controversial. Spontaneous CSF leak is thought to be asso-
ciated with idiopathic intracranial hypertension leading to skull base erosion and 
often meningoencephaloceles [5]. Talik et al. completed a retrospective review of 
16 patients with spontaneous CSF leaks treated with 250 mg acetazolamide twice 
daily instead of surgical repair and found that rhinorrhea abated in 31.3% of patients 
[6]. However, others noted that the resolution of rhinorrhea, while important for 
patient quality of life, does not decrease the risk of meningitis due to persistent skull 
base dehiscence and cessation of rhinorrhea would not promote healing of a fistu-
lized CSF outflow tract [7]. The lifetime risk of meningitis in unclosed CSF leaks 
has been estimated to be as high as 19%, and accordingly the authors recommend 
surgical repair of all CSF leaks with medical therapy reserved as an adjunct to 
decrease intracranial pressure in the perioperative time period [7–9]. Indeed, in 
recent international recommendations for spontaneous CSF leak, the vast majority 
of experts recommended that patients should be operated on as soon as feasible, 
regardless of the defect size (88% agree or strongly agree), and that watchful wait-
ing is supplementary and cannot replace surgical repair (94% agree or strongly 
agree) [1]. Taken together, there is likely insufficient evidence to support medical 
management as first-line therapy for spontaneous CSF leaks, given the small 
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retrospective nature of the study by Tilak et al. [6] and the long-term risks of men-
ingitis without operative repair of the CSF leak. However, in patients with signifi-
cant comorbidities preventing operative repair or in cases where the patient refuses 
surgery, it may be an option to reduce CSF rhinorrhea and improve quality of life.

Iatrogenic leaks—either following endoscopic sinus or skull base surgery—are 
infrequently managed conservatively. Early intervention and return to the operating 
room (OR) is generally recommended for localization of the site of leak and repair, 
although there may be a limited role for CSF diversion. The role of CSF diversion 
will be discussed in other chapters. Figure 6.1 summarizes these findings and pro-
poses an algorithm for operative vs medical therapy.

Active meningitis is also a relative indication for medical management. If the 
patient is actively infected, recommended treatment includes antibiotics, medical 
stabilization, and conservative measures for the CSF leak until the patient improves 
[10]. Similarly, active COVID-19 (SARS-CoV-2) infection may be an indication for 
a short course of medical management given data suggesting increased periopera-
tive morbidity and mortality for patients who are actively infected [11–13]. While 
not previously reported on, there may be a role for medical therapy as a temporizing 

Fig. 6.1 Proposed treatment algorithm for CSF rhinorrhea medical vs surgical management
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measure in resource-poor areas without access to dedicated skull base surgical care 
while plans for patient transfer are made. However, side effects of some of the thera-
peutics and associated need for close monitoring may make it challenging to initiate 
medical therapy for CSF leaks in resource-poor settings.

 Medical Management Options

 Bed Rest/Sinus Precautions

Bed rest is a common component of CSF leak management strategy to reduce 
straining and minimize intracranial pressure changes. Bed rest protocols vary 
widely with some keeping patients entirely in bed without bathroom privileges, 
while others allow for limited amounts of activity [14]. While bed rest is preferable 
for management of the CSF leak, the longer a patient is immobile, the higher the 
likelihood of deep vein thrombosis/pulmonary embolism, pneumonia, decondition-
ing, pressure ulcers, and patient dissatisfaction. There is no data to-date on the opti-
mal amount of time for a patient to remain on bed rest as part of CSF leak medical 
management, although an initial period of 24–72 h is a relatively common practice. 
Similarly, sinus precautions, which include recommendations to the patient to 
sneeze with mouth open, avoid nose blowing, and minimize straining in order to 
avoid sudden changes in intracranial pressure and avoid pneumocephalus, are com-
monly employed but have not been extensively studied.

 Stool Softeners

In conjunction with bed rest, stool softeners are often prescribed for patients with a 
CSF leak to decrease straining while having bowel movements and to reduce 
increases in intracranial pressure associated with straining. By avoiding sudden 
increases in intracranial pressure, the goal is to decrease CSF egress through the 
CSF leak tract. There are a wide variety of stool softeners, and the most commonly 
used are docusate and senna. Docusate works as a surfactant that lowers the surface 
tension in feces and promotes water and lipid absorption by the stool and thus 
reduces constipation [15]. Senna (also known as sennoside) is an anthraquinone 
derivative and stimulates luminal nerve endings causing colonic motility and reduc-
ing water absorption by the gut [16, 17]. Docusate and senna can be used individu-
ally or together given their complementary modes of action.

If docusate and senna are ineffective, other options include osmotic laxatives, 
such as polyethylene glycol, which forms hydrogen bonds with water molecules 
and decreases intestinal water reabsorption to soften stool [18]. More invasive meth-
ods of promoting bowel movements include suppositories such as bisacodyl, which 
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also stimulates colonic neurons to promote motility and decrease salt/water excre-
tion [19]. Finally, there are a variety of enema solutions which work mechanically 
to dilate the intestine and, depending on the type used, stimulate peristalsis and 
lubricate the stool. Table 6.1 outlines common laxatives, dosing, and side effects.

Table 6.1 Mechanism of action, side effects, and contraindications of commonly used therapies 
in medical management of CSF leak

Medication
Mechanism 
of action Dosing Side effects Contraindication Monitoring

Stool softener/laxatives

Docusate Surfactant 
stool 
softener

100 mg 
oral 
daily

Diarrhea, 
abdominal 
cramping

Intestinal 
obstruction, 
appendicitis, 
acute abdominal 
pain

None

Senna Stimulant 
laxative

8.6–
17.2 mg 
oral 
daily

Diarrhea Intestinal 
obstruction, 
abdominal pain

None

Polyethylene 
glycol

Osmotic 
laxative

17 g 
oral 
daily

Diarrhea, rare 
reports of renal 
damage 
(primarily in 
topical/IV 
administration)

Intestinal 
obstruction, 
inflammatory 
bowel disease, 
electrolyte 
imbalance/renal 
impairment

Electrolyte 
monitoring if 
prolonged use or 
in cases of 
dehydration after 
use

Bisacodyl Stimulant 
suppository

10 mg 
rectally 
PRN

Diarrhea, 
abdominal pain, 
headache

Has interactions 
with digoxin, 
antacids, and 
H2-receptor 
antagonists, 
bowel 
obstruction

Electrolyte 
monitoring if 
prolonged use

Antibiotics

Ceftriaxone Cell wall 
disruption 
via 
interaction 
with 
penicillin- 
binding 
proteins

1 mg IV 
every 
24 h

Rare leukopenia, 
rash

Penicillin 
allergy

None

Metronidazole Bacterial 
DNA 
strand 
breakage

500 mg 
IV or 
PO 
every 
8 h

Headache, 
vaginitis, nausea, 
metallic taste, 
flushing/
tachycardia when 
taken with 
alcohol

Pregnancy, 
active alcohol 
use, previous 
disulfiram use 
within 2 weeks

None

(continued)
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Table 6.1 (continued)

Medication
Mechanism 
of action Dosing Side effects Contraindication Monitoring

Ampicillin- 
sulbactam

Cell wall 
disruption 
via 
interaction 
with 
penicillin- 
binding 
proteins 
with beta 
lactamase 
inhibitor

3000 mg 
IV every 
6 h

Diarrhea, colitis, 
agranulocytosis, 
thrombocytopenia

Active 
Clostridium 
difficile GI 
infection due to 
concern for 
fulminant colitis 
and active 
mononucleosis 
due to rash, 
penicillin 
allergy

Consider renal, 
hepatic, and 
hematologic 
monitoring

Vancomycin Cell wall 
disruption

15 mg/
kg IV 
every 
24 h

Flushing, 
pruritus, 
erythematous 
rash, angiodema, 
phlepitis, rare 
Stevens-Johnson 
syndrome. 
Known to have 
nephrotoxic and 
ototoxic effects

Renal disease, 
hearing loss 
(relative), 
pregnancy, and 
advanced age

Daily vancomycin 
trough levels and 
adjustment of 
medication

Meropenem Cell wall 
disruption 
via 
interaction 
with 
penicillin- 
binding 
proteins

1 mg IV 
every 
8 h

Diarrhea, 
headache, rash, 
hypokalemia

Renal disease 
(relative)

Consider 
electrolyte 
monitoring

Levofloxacin Inhibits 
bacterial 
DNA 
synthesis

250–
750 mg 
oral 
daily

Photosensitivity, 
tendinitis, QT 
prolongation

Prolonged QT 
interval, 
pregnancy, 
pediatric 
patients (due to 
risk of cartilage 
damage), 
myasthenia 
gravis

Consider 
electrocardiogram 
to monitor QT 
interval, monitor 
for tendinitis

Amoxicillin- 
clavulanate

Cell wall 
disruption 
via 
interaction 
with 
penicillin- 
binding 
proteins 
with beta 
lactamase 
inhibitor

875–
125 mg 
oral BID

Diarrhea, rash Penicillin 
allergy, active 
mononucleosis 
due to rash

None
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 Antibiotics

The role of antibiotics in patients undergoing purely medical therapy is controver-
sial. The International Consensus Statement on Spontaneous CSF leaks recom-
mended against prescribing long-term antibiotics to patients without clinical signs 
of an infection as they have not been shown to reduce the incidence of meningitis 
[1]. However, following traumatic CSF leaks, there is mixed evidence on the use of 
antibiotics as part of medical management. One meta-analysis found a reduction in 
meningitis from 10% to 2.5% in patients treated with antibiotics [20], whereas a 
more recent meta-analysis of several randomized control trials investigating antibi-
otic prophylaxis for patients admitted for basilar skull fractures found no difference 
in rates of meningitis or need for surgical repair [21]. Based on the available evi-
dence, antibiotic prophylaxis is recommended after traumatic CSF leak but not rou-
tinely administered for spontaneous CSF leaks. However, given the generalized 
increasing rates of antibiotic-resistant pathogens [22], further study is needed on the 
appropriate use of antibiotics.

While meningitis associated with CSF leak may be rare, given the risks of severe 
complications and poor outcomes associated with meningitis, antibiotics are com-
monly prescribed for CSF leaks and can be considered while the patient is undergo-
ing medical therapy. A third-generation cephalosporin, such as ceftriaxone, delivered 
intravenously should be considered for inpatients given the excellent central ner-
vous system penetration. The addition of metronidazole can also be considered if 
improved anaerobic coverage is desired [23].

For penicillin-allergic patients, fluoroquinolones (such as levofloxacin), vanco-
mycin, or meropenem are alternatives that can provide prophylaxis against menin-
gitis. The role for prolonged oral antibiotics is questionable; however 
amoxicillin-clavulanate and oral levofloxacin have been described for gram-positive 
and anaerobic coverage [24]. Please see Table 6.1 for details on dosing and mecha-
nism of action for commonly used antibiotic regimens that provide CSF coverage 
[25–29].

 Diuretic and Other Medical Options

Diuretics can reduce intracranial pressure through various pharmacologic mecha-
nisms and are helpful adjuncts for management of CSF leaks, particularly CSF 
leaks associated with idiopathic intracranial hypertension (IIH). Diuretic use for 
CSF leak management is typically used as an adjunct to primary surgical repair and 
not as a primary modality of therapy. The most widely used diuretic therapy in 
spontaneous CSF leaks associated with IIH is acetazolamide—a carbonic anhy-
drase inhibitor that reduces the production of CSF and significantly decreases intra-
cranial pressure [30]. As mentioned above, the evidence for using acetazolamide as 
a primary therapy for spontaneous CSF leak is based on one retrospective study by 
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Tilak et al. which reported a 31.3% resolution of CSF rhinorrhea, and the authors 
suggested a trial of 250 mg twice-daily acetazolamide prior to surgical repair of the 
skull base defect [6]. However, this regimen will not induce closure of an estab-
lished CSF tract into the sinuses, and there remains a persistent risk for meningitis, 
which is the primary therapeutic indication for operative repair. Management of 
traumatic CSF leaks with acetazolamide has been examined in a randomized fash-
ion. Acetazolamide treatment did not impact on the resolution of the CSF leak but 
did lead to increased rates of metabolic derangements including metabolic acidosis 
and hypokalemia and is therefore not routinely recommended in this cohort [31].

It should be noted that acetazolamide was previously used for glaucoma, heart 
failure, and epilepsy but treatment for CSF leak and intracranial hypertension is an 
off-label use. Currently, acetazolamide is not commonly used for any indication 
apart from IIH. The main side effects are metabolic derangements (especially hypo-
kalemia, hyponatremia, and hyperchloremia), paresthesias of upper and lower 
extremities, and altered sense of taste with patients reporting bitter/metallic distur-
bances [32–34]. Ongoing monitoring of electrolyte levels, particularly sodium lev-
els, are recommended while taking acetazolamide. The medication is also 
sulfonamide-based and contraindicated in patients with a known sulfa allergy. 
Acetazolamide is protein-bound and renally excreted, and adjustments for patients 
with creatinine clearance <50 mL/min are necessary [32].

Furosemide, a loop diuretic, has also been described in the treatment of intracra-
nial hypertension, although the exact mechanism of CSF reduction is not well 
understood, and it is thought to be less potent at reducing intracranial pressures than 
acetazolamide [35]. Topiramate, an anticonvulsant medication, has also been inves-
tigated for intracranial hypertension. Animal models suggest that topiramate is 
more potent than acetazolamide, theorized to be due to its increased lipophilicity 
[35]. In open-label studies, topiramate was found to be comparable to acetazol-
amide for treating IIH with similar visual field outcomes but more prominent weight 
loss [36]. Table 6.2 summarizes common dosing of diuretics.

Table 6.2 Diuretic and other medical options for treating CSF rhinorrhea and comorbid 
intracranial hypertension

Medication 
name Common dosing Side effects

Recommended 
monitoring

FDA 
status

Acetazolamide 250 mg or 500 mg twice 
daily; must be renally 
dosed (if creatinine 
clearance <50 mL/min)

Paresthesias, 
electrolyte 
abnormalities, altered 
sense of taste

Electrolyte 
monitoring

Off 
label

Topiramate 50–100 mg orally twice 
daily

Weight loss, dizziness, 
paresthesias

Consider 
electrolyte 
monitoring

Off 
label

Furosemide 20–40 mg orally per day Renal injury, 
electrolyte 
abnormalities, 
dizziness

Creatinine and 
electrolyte 
monitoring

Off 
label
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 Future Directions and Other Considerations

Medical management of CSF leaks has a limited role and is primarily constrained 
to traumatic CSF leak repairs. The current consensus statement on spontaneous 
CSF leak repairs advocates for skull base repair as soon as feasible for spontaneous 
leaks [1], and the potential role for primary medical therapy in these patients is 
controversial. Traumatic leaks have a reasonable chance of closure after medical 
therapy in the first week, with delayed operative closure for recalcitrant leaks. 
Many of the studies on nonoperative medical therapy for CSF leaks are limited in 
size and retrospective making broad recommendations difficult. Further research 
may provide new insights into the role of medical management for CSF leaks.
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Chapter 7
Cerebrospinal Fluid Diversion

Andrew K. Wong, Stephan Munich, and R. Webster Crowley

 External Ventricular Drains

EVDs are catheters placed within the ventricles, allowings for CSF diversion into an 
external reservoir as well as continuous ICP monitoring. They can be placed in the 
operating room prior to the start of surgery, or they can be placed at the bedside 
when ICP needs to be emergently assessed, monitored, and controlled. The proce-
dure is generally tolerated well utilizing conscious sedation and local anesthetic. A 
small incision is made in the skin followed by a small burr hole in the skull, typi-
cally at Kocher’s point [1].Using surface anatomical landmarks, the catheter is 
guided to a predetermined depth, and placement within the ventricle is confirmed 
via brisk CSF flow, although this is occasionally not seen in cases of active CSF 
leaks which can result in low ventricular pressure. After placement of the catheter, 
it is connected to an external reservoir which allows for drainage and ICP pressure 
monitoring. The reservoir is placed at a height relative to the tragus, which approxi-
mates the foramen of Monro, to titrate drainage according to ICP.

In the management of skull base pathology and reconstruction, EVDs provide a 
means to control the flow of CSF and, as a result, ICP. This is particularly useful in 
the treatment of larger and deeper pathologies of the skull base in which the pathol-
ogy prevents early access to the basal cisterns. These pathological processes may 
require significant manipulation and retraction of more superficial cortical struc-
tures which has shown to increase risk of surgery-related morbidity including 
venous congestion, contusions, postoperative seizures, and strokes [2–4]. CSF 
drainage allows for brain relaxation, minimizing the need for retraction. In cases of 
complex skull base pathology that either invades the skull base or requires violation 
of the skull base, an EVD may be placed also to facilitate subsequent repair of the 
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skull base. By providing a low pressure CSF outlet, the EVD diverts CSF and sub-
arachnoid pressure away from the repair site allowing it to heal.

EVD placement can generally be done safely and with low morbidity. However, 
as it necessitates passing the catheter through the cerebral cortex, there is a risk of 
intraparenchymal hemorrhage and infection. In a meta-analysis, the risk of overall 
hemorrhage has been reported to be 8.4%, with symptomatic hemorrhages at 0.7%, 
while the risk of infection has been reported to be 7.9% [5].

 Lumbar Drains

LDs are placed in the enlarged subarachnoid space of the lumbar cistern that simi-
larly allows for CSF diversion into an external reservoir. The procedure is generally 
tolerated well utilizing conscious sedation and local anesthetic. The patient is placed 
either in a lateral or sitting position with their back maximally flexed to allow for 
widening of the interlaminar space facilitating drain placement. Using surface land-
marks or under fluoroscopic guidance, a trajectory to the L4/L5 interspace is used 
to obtain access to the lumbar cistern. The most commonly used surface landmark 
is the midline projection of the superior most aspect of the iliac crest which approxi-
mates the L4 spinous process. While the conus of the spinal cord typically termi-
nates at L1, the dural sac ends in the sacral spine making this region safe for access 
during LD placement. The lumbar and sacral nerve roots which make up the cauda 
equina in the lumbar cistern are simply displaced rather than deformed during LD 
placement.

CSF diversion via a LD serves the same purpose as an EVD. Indications for LD 
placement in skull base surgery include the need for brain relaxation for surgical 
access, facilitating skull base repairs reducing CSF leak rates after various skull 
base approaches and in localizing CSF leaks. Approaches to deeper midline struc-
tures may require longer operative times and significant brain retraction. CSF diver-
sion via a LD placed in the operating room prior to the start of surgery minimizes 
the need for such retraction reducing related morbidity.

Though the placement of a LD after various skull base procedures has shown to 
decrease overall CSF leak rates, proper patient selection to maximize benefit 
remains unclear. The use of vascularized nasoseptal flaps has dramatically improved 
the rates of CSF leak in the vast majority of uncomplicated endoscopic endonasal 
skull base surgeries such that the benefit of LD placement may be minimized to the 
point where it doesn’t exceed the potential morbidity [6]. A recent randomized con-
trol trial demonstrated that patients with “high-flow” CSF leaks—as determined by 
dural defect and violation of ventricular or cisternal spaces—may benefit from LD 
placement [7]. CSF diversion away from a surgical repair site is believed to help 
with wound healing primarily through two mechanisms. By providing a low pres-
sure egress, CSF is diverted away from the repair site allowing for adequate apposi-
tion of grafts and dura to allow for adequate sealing of the area. Furthermore, it has 
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been suggested that CSF directly inhibits healing by potentially impairing cell 
migration and capillary formation [8, 9] .

In instances where the exact location of a CSF leak is unclear, intrathecal fluo-
rescein instilled through the LD can be used to localize or confirm the area in ques-
tion. This is particularly useful when the area of skull base defect is small or there 
are multiple areas of interest. Though the use of intrathecal fluorescein in this man-
ner is off label, it has been shown to effectively localize areas of CSF leak with low 
morbidity. The sensitivity and specificity of intrathecal fluorescein have been 
reported to be as high as 93% and 100%, respectively [10].

LDs do not necessitate the direct brain contact that EVDs require. However, LDs 
are not an accurate means to measure and monitor ICP, and EVDs remain the gold 
standard. Significant variations of lumbar anatomy including scoliosis or severe 
lumbar stenosis are relative contraindications as they make cannulating the lumbar 
cistern challenging. Confirmed or suspected intracranial mass lesions are absolute 
contraindications for placement of LD due to potential for trans-tentorial downward 
herniation. Fundoscopic exam to evaluate for papilledema can be used as a means 
to screen for elevated ICP, though intracranial imaging to confirm potential mass 
lesions is typically obtained.

Complications from lumbar drain placement are relatively low with an overall 
rate of ~5% and include most commonly CSF leak at the insertion site (after 
removal), meningitis, and transient lower extremity numbness [11].

 Shunts

Ventricular shunts are a form of permanent CSF diversion. They consist of a proxi-
mal catheter which accesses the ventricle and is connected to a shunt valve which 
sits on the calvarial surface and regulates the flow of CSF. The shunt valve is subse-
quently connected to a distal catheter which is placed in one of several spaces. The 
most common distal catheter placement site is the peritoneum. Atrial and pleural 
distal catheter sites can also be used and are often reserved for situations where 
there is significant compromise of the peritoneum, such as extensive prior abdomi-
nal surgeries that may incur scarring, or active peritoneal infection. Ventriculo-
pleural shunts can be used for patients in which significant CSF shunting is required. 
The negative inspiratory pressure generated within the pleural space facilitates fur-
ther CSF diversion.

Shunt valves regulate CSF flow through a shunt system by regulating the on-off 
function of the shunt depending on the pressure gradient across the valve. The pres-
sure gradient threshold can be predetermined in fixed shunt valves or variable in 
programmable shunt valves. Anti-siphon devices within the shunt valves mitigate 
the effect of gravitational forces on the pressure gradient when the patient, and sub-
sequently the shunt, changes from a recumbent to upright position [12].

Permanent CSF diversion is considered in CSF leaks when there is suspicion that 
the underlying etiology is elevated ICP, as seen in idiopathic intracranial 
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hypertension (IIH) or pseudotumor cerebri. In such patients, the pathophysiology of 
the leak is not a mechanical defect that could be addressed via a simple repair of the 
skull base, but rather due to elevated ICP that requires resolution of the elevated 
pressure in order to adequately manage the leak. Clinical and radiographic corre-
lates that suggest elevated ICP as the etiology are discussed in earlier chapters but 
include elevated BMI, obstructive sleep apnea, and an empty sella on MRI. There 
should be a high level of suspicion for underlying elevated ICP in patients with 
recurrent CSF leaks despite surgical repair. Confirmation can be achieved through a 
lumbar puncture and identification of elevated pressure, although this may be falsely 
depressed in cases of active CSF leak. While the cause of increased ICP remains 
unclear, a growing hypothesis is the presence of dural venous sinus stenosis which 
is discussed in the following section [13]. In placing the ventricular shunt and nor-
malizing the pressure, the pulsatile stress within the subarachnoid space against 
weak areas of the skull base such as the tegmen tympani or lateral recess of the 
sphenoid is relieved, facilitating healing of the repair.

An alternative to ventricular shunts is a lumboperitoneal shunt in which the prox-
imal catheter is placed in the lumbar cistern in a similar manner as a lumbar drain. 
Historically, this has been useful as patients with IIH typically have small, or slit, 
ventricles making successful cannulation with a catheter particularly challenging. 
However, with the advent of image guidance technology that has made ventricular 
access more reliable even in this subset of patients, lumboperitoneal shunts have 
fallen out of favor as they are more difficult to access and palpate. Given the nature 
of the area in which a lumboperitoneal shunt is placed, it is also more difficult to 
place an adjustable valve that can be accessed and reliably adjusted.

Ventriculoperitoneal shunts are relatively simple procedures but have known 
complications; particularly shunt infections, shunt malfunctions, and subdural 
hematomas from over-drainage. Of particular concern are shunt infections, as treat-
ment typically involves removal of the entire shunt system, placement of a tempo-
rary EVD, and a course of antibiotics until the CSF is cleared of infection. The shunt 
system is then replaced, often through a different cranial location. This may require 
a prolonged intensive care unit stay for the duration of treatment. Shunt infection 
rates have been reported to be estimated at 8–15% [14]. Preventative measures 
include the use of antibiotic impregnated catheters, reducing operative time, and 
enhanced sterile techniques. Shunt malfunctions are relatively common, as it has 
been reported that 30–40% of shunts will need revision within the first year of inser-
tion [15]. When done for assistance in skull base repair, malfunctioning shunts may 
not be clinically relevant if the malfunction occurs at a significant time interval from 
the shunt. However, for recently placed shunts, or in cases of underlying elevated 
intracranial pressure, shunt revision is often required, as failure to divert CSF gener-
ally results in recurrence of the leak. Subdural hematomas from overdrainage have 
been reported to be as high as 53% although symptomatic subdural hematomas 
were seen in 16% [14]. The etiology of subdural hematoma formation is straining 
and subsequent tearing of bridging veins when over-shunting leads to decompressed 
ventricles and thus contraction of the brain parenchyma. Programmable shunt 
valves have the advantage of adjusting the level of drainage to help titrate an 
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appropriate amount of CSF diversion to prevent or treat subdural hematomas, and 
therefore are typically the authors’ preferred valves in these cases.

Cerebral Venous Sinus Stenting

Dural venous sinus stenosis has been increasingly recognized as a potential etiology 
in the development of IIH and IIH-related spontaneous CSF leaks. While the exact 
mechanism may be unknown, it is believed that the reduction in venous outflow 
leads to venous hypertension proximal to the area of stenosis. As a result, the pres-
sure needed to maintain CSF flow across the arachnoid villi from the subarachnoid 
space to the dural venous sinuses rises leading to an increase in ICP [16]. The 
increased pressure within the subarachnoid space along with the pulsatile nature of 
CSF flow leads to a gradual erosion of the skull base. In already diminutive areas of 
the skull base, such as the tegmen tympani or lateral recess of the sphenoid sinus, 
this can lead to defects within the skull base and subsequent CSF leaks with or 
without associated encephaloceles. Repair of the skull base without addressing the 
underlying elevated pressure risks recurrent CSF leak. Some have hypothesized that 
the development of a CSF leak is actually a compensating mechanism in which to 
offset and relieve the elevated ICP and that by repairing the defect without address-
ing the elevated pressure it closes off the system’s ability to maintain normal pres-
sure [17, 18].

CVSS, although not a form of CSF diversion, is aimed at improving CSF absorp-
tion through the arachnoid villi in order to achieve reduction in ICP. Workup and 
patient selection for CVSS is paramount in achieving good outcomes. Diagnosis of 
dural venous sinus stenosis can be made with a magnetic resonance venogram, 
although diagnostic cerebral angiogram remains the gold standard. Furthermore, 
determination of whether the stenosis is clinically significant should be made as it 
can be present and asymptomatic in a portion of the general population [19]. The 
trans-stenosis pressure gradient should be determined by obtaining femoral or upper 
extremity venous access and obtaining manometric pressure measurements at the 
pre-stenotic superior sagittal sinus as well as bilateral transverse sinuses, sigmoid 
sinuses, jugular bulb, and cervical internal jugular vein. Patients with a trans-steno-
sis pressure gradient of >8 mmHg may be candidates for CVSS placement.

Placement of the venous sinus stent is often completed under general anesthesia 
for patient comfort. The patient is typically started on aspirin 325 mg and clopido-
grel 75 mg for 7 days prior to the procedure. Alternatively, if done in an acute set-
ting, the patient can be bolused aspirin 325 mg and clopidogrel 600 mg immediately 
prior to the procedure. After obtaining access of the jugular vein through the femo-
ral or antecubital vein, a stent is advanced over a guidewire to reach the area of sinus 
stenosis. The stent is then deployed to cover the entire area of stenosis. Resolution 
of the trans-stenosis pressure gradient is then confirmed. The patient then typically 
continues on dual antiplatelet therapy until eventually converting to aspirin 
325 mg, alone.
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CVSS has shown significant promise in the treatment of IIH with a technical 
success rate of 99.5% and a treatment failure rate (defined as need for conversion to 
a different treatment modality) of less than 3% [20]. While CVSS is a generally 
well-tolerated procedure and with low morbidity, it is not without known complica-
tions. A recent meta-analysis demonstrated an overall mortality rate of 0% and 
major complication rate, including intracranial hemorrhage, of 1.9% [21].
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Chapter 8
Anesthesia Considerations in Skull Base 
Reconstruction

Veronika Anufreichik and R. Ryan Field

 Preoperative Evaluation

 History of Present Illness

The anesthesiologist should know and understand the skull base reconstruction 
patient’s original pathology, prior surgery performed, and current status of their 
neurological condition. This history will guide the appropriate medical optimiza-
tion. A focused neurological exam, consisting of mental status, cranial nerve func-
tion, and a motor and sensory assessment, must also be performed. This information 
allows detection of any postoperative changes from baseline which can represent 
potentially significant complications. Risk for elevated ICP and seizures should be 
considered as this can change the anesthetic plan. Pertinent imaging must be 
reviewed with focus on signs of increased ICP and presence of lesions in close 
proximity to vital structures like vessels, sinuses, or cranial nerves.

 Medical History

A full medical, surgical, family, and anesthetic history should be obtained with 
focus on prior intubations and anesthetic complications. Allergies, current medica-
tions, and social history should also be reviewed.
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 Cardiovascular

It is important to assess patients for risk factors for perioperative cardiac events. In 
elective surgery, medical management should be optimized and further testing and 
work up performed if appropriate. With regard to time-sensitive surgery, the risks 
and benefits of delaying surgery to undergo indicated cardiac workup versus pro-
ceeding with surgery without further cardiac testing must be assessed by the sur-
geon, anesthesiologist, and cardiologist. Patients with acromegaly and Cushing’s 
disease carry increased risk for hypertension, heart failure, and arrhythmias. In 
addition, these patients may develop right heart failure caused by pulmonary hyper-
tension from chronic OSA.

 Airway and Pulmonary

A careful airway assessment helps to predict the difficulty of ventilation and intuba-
tion. Special attention should be paid to cervical spine range of motion and any 
symptoms with range of motion. This information is not only useful for intubation 
but also for surgical position planning as certain neurosurgical approaches require 
significant neck flexion, rotation, or extension. Patients with acromegaly are at par-
ticularly increased risk for being difficult to ventilate and intubate. Chronic excess 
of growth hormone causes nasal and pharyngeal tissue hypertrophy, macroglossia, 
glossoptosis, and mandibular prognathism. Generalized airway swelling, an 
enlarged epiglottis, glottic narrowing, and recurrent laryngeal nerve dysfunction 
may also be present and could cause baseline hoarseness. Anesthesiologists should 
consider obtaining additional airway imaging in presence of dyspnea, orthopnea, 
stridor, or hoarseness. If above signs or symptoms of a potentially difficult airway 
are present, consider an awake intubation. Even when intubating asymptomatic 
acromegalics with a normal airway exam, it may be prudent to have emergency 
airway equipment available including oral and nasal airways, laryngeal mask air-
ways (LMA), video laryngoscopes, fiber-optic bronchoscopes, and even a cricothy-
rotomy kit. Although Cushing’s disease is not associated with a difficult airway, 
these patients may still be difficult to ventilate and intubate due to OSA and obesity.

 Endocrine

Some of the patients presenting for skull base reconstruction may have previously 
undergone resection of a pituitary adenoma. It is important to understand the patho-
physiology of these tumors as they can have major systemic effects via hormone 
secretion or mass effect. Patients should have serum and urine pituitary, thyroid, and 
adrenal hormone levels checked. Hypofunctioning hormones should be adequately 
replaced, and some functional adenomas may be medically treated while awaiting 
surgical resection. Additionally, in the presence of a pituitary adenoma, multiple 
endocrine neoplasia type 1 (MEN1) should be kept on the differential.
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Functional (Hormone Secreting) Tumors

These pituitary adenomas primarily cause symptoms by the effects of the hormones 
they secrete. If they grow large enough, mass effect may also be seen.

Growth Hormone

Excess of this hormone in childhood causes gigantism (tall stature) and in adult-
hood causes acromegaly (increased growth of head and extremities) due to enlarge-
ment of the bone, connective tissue, and viscera. Besides potential difficult airway 
and cardiovascular complications, as mentioned earlier in this chapter, these patients 
may also have abnormal glucose tolerance, osteoarthritis, and increased sweating.

Adrenocorticotropic Hormone (ACTH)

Tumors secreting this hormone cause Cushing’s disease by way of increased corti-
sol production by the adrenal cortex. In addition to the earlier mentioned cardiopul-
monary complications of the condition, these patients can present with an increased 
intravascular volume, electrolyte abnormalities, and diabetes. Other manifestations 
of this disease include central obesity, proximal skeletal muscle weakness, fragile 
skin and veins, and abnormal wound healing. Therefore, the anesthesiologist must 
anticipate unpredictable effects of neuromuscular blockers, potentially difficult 
intravenous (IV) access, and increased infection risk.

Thyroid Secreting Hormone

These adenomas usually cause no symptoms but may occasionally cause hyperthy-
roidism or even thyrotoxicosis. Patients should be made euthyroid prior to surgery.

Prolactin

While this is the most common type of pituitary adenoma, its manifestations are the 
least likely to cause problems for the anesthesiologist. Symptoms can include galac-
torrhea, amenorrhea, infertility, and decreased libido.

Nonfunctional Tumors

Tumors that are not secreting hormones can still cause problems if they grow large 
enough to compress nearby structures like vessels and cranial nerves. Particularly 
large pituitary adenomas may even obstruct CSF drainage causing hydrocephalus 
and increasing ICP.
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Hypopituitarism

This can be caused by tumor compression of the entire pituitary gland or its com-
munication pathway with the hypothalamus. These patients lack all pituitary origi-
nating hormones and should be treated with pituitary replacement in the form of 
glucocorticoids, vasopressin, and thyroxine. Sensitivity to anesthesthetic drugs and 
need for extra vasopressor support are frequently seen in this population.

Visual Defects

Tumor compression of the optic chiasm most often causes bitemporal hemianopia. 
A careful preoperative visual field exam is imperative to be able to differentiate 
from other causes of potential perioperative visual disturbance.

 Laboratory

In general, preoperative labs should only be obtained if an abnormal result is 
expected and if it will change management. A basic metabolic panel will be useful 
in patients on diuretics or with Cushing’s disease as they may have significant elec-
trolyte abnormalities. If a patient is anemic, has a bleeding disorder, or uses antico-
agulants or large-volume blood loss is expected, baseline hemoglobin, coagulation 
studies, and platelet count would be valuable. A blood type and screen or cross-
match should be obtained dependent on the likelihood of transfusion.

 Anesthetic Management

 Premedication

Administering sedating medications immediately preoperatively can benefit patients 
by reducing their anxiety and lowering potential sympathetic surge. However, many 
such medications can cause respiratory depression. This can be dangerous in 
patients with high ICP which would increase further from hypoventilation. Caution 
must also be used in acromegalics and any patients with OSA who have an increased 
risk of airway obstruction with such medications.
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 Induction

Standard IV anesthetic induction technique is appropriate without the presence of a 
difficult airway or increased ICP. In the setting of increased ICP, take extra caution 
to preserve normal systemic blood pressure and cerebral perfusion.

 Airway Planning

Because most neurosurgical cases require general anesthesia with the head turned 
away from the anesthesiologist and secured in a particular position, an endotracheal 
tube is most often placed. Consider awake fiber-optic intubation with local anesthe-
sia if anticipating difficult ventilation or intubation based on physical exam and 
history. The endotracheal tube should generally be secured in a direction away from 
the operative site. A wire-reinforced endotracheal tube may be used as it will be 
more resistant to kinking which can occur with certain degrees of neck rotation and 
flexion. If high peak pressures and/or an obstructive end-tidal carbon dioxide (CO2) 
tracing is noted during a case, endotracheal tube obstruction must be ruled out. A 
suction catheter should pass freely through the endotracheal tube. If resistance is 
met, the surgeon should be notified that the endotracheal tube or neck must be 
repositioned.

 Ventilation

Patients are usually ventilated with a controlled ventilator mode, and normocapnia 
is maintained. However, the end-tidal CO2 goal can vary depending on the surgical 
approach. Maintaining normal tidal volumes of 6–8 ml/kg of ideal body weight, low 
airway pressures, and physiologic positive end expiratory pressure (PEEP) will pro-
mote normal brain venous drainage. Following are two examples of different venti-
lation goals to aid the surgeon.

 Transsphenoidal Approach

This particular surgical approach usually requires mild permissive hypercapnia and 
intermittent Valsalva maneuvers. These techniques increase intracranial vascular 
volume and thus keep the sella sunken down and in good surgical view.
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 Retrosigmoid Approach

Surgeons may request hyperventilation to promote brain vasoconstriction which 
improves surgical visualization when operating in a small space.

 Monitors

Standard American Society of Anesthesia monitors should be used in every anesthe-
sia case, and this includes pulse oximetry, end-tidal CO2 analysis, electrocardio-
gram, noninvasive blood pressure, and temperature monitoring. Additional monitors 
may be used depending on patient comorbidities and nature of surgery.

 Arterial Blood Pressure

An anesthesiologist may elect to place this invasive catheter if rapid hemodynamic 
changes are expected such as brisk large-volume bleeding or the eliciting of the 
trigeminal cardiac reflex. It may also be warranted in a patient with a history of 
significant cardiac disease or a hemodynamically unstable patient from hypovole-
mia or septic shock. Furthermore, invasive blood pressure monitoring is useful if 
strict blood pressure control is necessary like when operating on an aneurysm. Of 
note, in acromegaly, the carpal ligament is often hypertrophied and may compress 
the ulnar artery. Allen’s test, to confirm dual arterial blood supply of the hand, 
should absolutely be performed prior to radial artery cannulation in these patients.

 Central Venous Pressure

This parameter may be useful to monitor based on patient comorbidities such as the 
presence of congestive heart failure. A specialized multiorifice central venous cath-
eter may also be placed in patients at high risk for a VAE to be able to aspirate air if 
the embolism occurs.

 Urine Output

This can provide information about renal function, volume status, and the presence 
of conditions such as diabetes insipidus (DI) or cerebral salt wasting syndrome 
(CSWS). Urine output should be monitored in longer surgeries and if large-volume 
resuscitation is anticipated.
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 Lumbar Drain

The provider may place this device to simultaneously monitor and manage 
ICP. Controlling ICP by removal or infusion of fluid could help to improve surgical 
visualization.

 Vascular Access

Access should be established according to the expected need for large-volume 
resuscitation and prolonged administration of inotropes or vasopressors. Usually, 
one large bore IV line is adequate; however if significant bleeding is expected, it 
may be prudent to obtain additional access.

 Positioning

Neurosurgical positioning can present many challenges to the anesthesiologist. 
Patients are often positioned 90–180 degrees away, significantly limiting access to 
the airway. Certain degrees of neck extension, flexion, and rotation can cause endo-
tracheal tube kinking especially after the patient’s body warmth softens it. Consider 
using the much more bend-resistant wire reinforced endotracheal tube in these situ-
ations. Because post intubation changes in head and neck position can advance or 
withdraw the endotracheal tube, its location should be confirmed after final posi-
tioning. All pressure points must be carefully padded and limbs positioned in a way 
to prevent peripheral nerve injury. Proper positioning should be periodically checked 
throughout the case as body parts can move with table position change. Special 
attention should also be paid to preventing patient movement, especially in the set-
ting of microscopic dissection or operation near fragile vascular structures. To this 
end, the blood pressure cuff should ideally be placed away from the surgeon and the 
table adjusted only with the surgeon’s notification. There are several unique posi-
tions used in skull base reconstruction surgery which present their own challenges.

 Supine

This position is least likely to be associated with position-related injury. However, 
areas for concern include pressure injuries in heels, sacrum, and occiput.
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 Lateral

This approach can cause brachial plexus injury on the operative side secondary to 
contralateral head rotation, elevation of the ipsilateral shoulder, and ipsilateral arm 
downward traction. If the neck is excessively flexed, nerve over-stretching can cause 
cervical cord ischemia and even quadriplegia. Improper neck flexion can also impair 
venous drainage from the head and result in facial and glossal edema potentially 
precluding extubation for fear of airway obstruction. A gap of at least 1 inch should 
be maintained between the chin and suprasternal notch at all times to prevent these 
complications. Increased ventilation perfusion mismatch occurs in the lateral posi-
tion, and this cause must be considered if oxygenation or ventilation problems arise.

 Sitting

Sitting position causes the most hemodynamic changes secondary to reduced 
venous return to the heart from the limbs and torso. This may be circumvented by 
wrapping the lower extremities with elastic bandages to promote venous return, IV 
fluid administration to increase the vascular volume, and administration of vaso-
pressors. Ideally this position is avoided in patients with reduced cardiac function 
and hypovolemia. Like lateral, the sitting position also increases risk of face and 
tongue swelling and cervical cord ischemia.

 Prone

Because this position limits airway access the most, the endotracheal tube should be 
properly secured before positioning. Prone position also increases risk for blindness 
from direct orbital compression, retinal ischemia, or ischemic optic neuropathy. It 
should be checked that the eyes are free of pressure immediately after positioning 
and periodically throughout surgery. It is imperative that other pressure points are 
padded, including knees, iliac crests, genitals, breasts, and entire face. The abdomen 
must also remain without pressure to allow for respiration.

 Anesthetic Choice

The ideal neurosurgery anesthetic is rapidly metabolized and eliminated to allow for 
a prompt postoperative neurological exam. To this end, anesthesia can be main-
tained with a low blood gas solubility inhalational anesthetic or IV agent like pro-
pofol supplemented with an opioid. Nitrous oxide is best avoided due to its property 
of rapid diffusion out of the blood into enclosed spaces and thus the potential risk of 
pneumocephalus. If Mayfield pins are used or microscopic surgery is performed, a 
completely still operating field is imperative. This can be achieved with adequate 
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anesthesia or neuromuscular blockade. Neuromuscular blocker should be titrated to 
train-of-four testing in the setting of possible muscle weakness such as with 
Cushing’s disease.

 Blood Pressure and Fluid Management

Neurosurgical patient fluid management goals include maintaining euvolemia and 
adequate cerebral perfusion while avoiding cerebral edema. Hypoosmolar solutions 
should not be used because when administered in large volumes they reduce serum 
osmolality and cause fluid to shift to the intracerebral space. Fluids should be given 
to replace bleeding, insensible losses, and urine output.

 Analgesia

Multimodal anesthesia should be instituted whenever possible. The surgeon should 
administer subcutaneous long-acting local anesthetic before making incision and 
re-administer it at the end of the surgery if enough time has elapsed for the effect to 
wear off. The total amount of local anesthetic administered by the surgeon and anes-
thesiologist should be communicated to avoid local anesthetic toxicity. 
Acetaminophen can be given preoperatively and re-dosed if not contraindicated 
based on comorbidities. If there is major concern for postoperative respiratory 
depression, an ultra-short-acting opioid like remifentanil can be administered intra-
operatively. In most cases, it is appropriate to give a long-acting opioid before or 
shortly after emergence especially if only an ultra-short-acting opioid was used 
intraoperatively.

 Antiemetic Plan

All patients should receive aggressive nausea and vomiting prophylaxis to avoid 
increasing ICP and potentially disrupting the reconstruction with retching. Of all 
the surgical approaches, lateral rectosigmoid craniotomies carry the greatest risk for 
postoperative emesis. Avoid anti-dopaminergic antiemetics like haloperidol, dro-
peridol, metoclopramide, promethazine, and prochlorperazine in patients who may 
be taking dopamine agonist medications.
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 Unique Considerations

 Transsphenoidal Approach

This surgical approach poses several unique challenges to the anesthesiologist.

Intranasal Pathway

Because the nasal cavity is highly vascularized, a topical intranasal vasoconstrictor 
like epinephrine or cocaine is frequently applied by the surgeon to reduce bleeding. 
Vascular absorption of this medication can cause rapid-onset intense systemic 
hypertension, arrhythmias, and possibly myocardial ischemia. The anesthesiologist 
must be vigilant during this time and treat the hemodynamic changes with short- 
acting medication if needed or wait it out if tolerated by the patient as the stimulus 
will only be present a short time. Despite local anesthetic application, this surgical 
approach can be extremely stimulating and may cause significant hypertension and 
increased ICP despite seemingly adequate anesthesia. The anesthesiologist can con-
sider using an ultra-short-acting opioid or short-acting antihypertensive.

Sella Position

The anesthesiologist can perform several maneuvers to assist the surgeon in keeping 
the sella in good surgical view by slightly increasing ICP.  Mild hypoventilation 
causes arterial vasodilation, while jugular compression and Valsalva maneuver 
increase intracranial venous pressure. Administration of intrathecal saline via a 
catheter would increase the CSF space pressure.

Bleeding

A throat pack may be placed by the surgeon for the duration of surgery to reduce the 
accumulation of gastric blood which can be significantly emetogenic. Careful vigi-
lance must be taken to ensure removal of this item before emergence to prevent 
airway obstruction. Because the operative field is next to the carotid artery and 
cavernous sinus, rapid large-volume bleeding can occur suddenly. It is prudent to 
have adequate venous access and be prepared to transfuse blood if indicated.
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 Reduction of ICP

The goal of this is to improve surgical visualization for certain approaches and to 
reduce pressure-related ischemia. Simple measures include elevating the head of the 
bed to 30 degrees, maintaining normothermia, avoiding hyponatremia, and ensuring 
adequate sedation and pain control. Venous drainage can be optimized by upright 
head position, keeping neck veins free from compression and using low airway 
pressures and no or low PEEP. Hyperventilation may be used to promote neurovas-
cular constriction, while diuretics and osmotherapy can be used to decrease intra-
vascular volume. If present, hyponatremia can be aggressively treated with 
hypertonic saline. Furthermore, sedatives like propofol can be administered to 
quickly but temporarily reduce cerebral blood flow. Steroids are also used to help 
reduce swelling caused by vasogenic edema.

 Neuroprotection

In the event of decreased oxygen supply to the brain such as during carotid artery 
occlusion, several steps are taken to increase brain oxygen delivery and reduce its 
demand. Crystalloid administration increases blood flow by decreasing blood vis-
cosity as supported by Poiseuille’s law. A hematocrit of approximately 30 is usually 
an appropriate target. Vasopressors should be administered to keep blood pressure 
10–15% above baseline. Normoglycemia and hypothermia to 34 degrees Celsius 
should be maintained. Hypnotic agents can also be given to reduce brain metabolic 
activity.

 Venous Air Embolism

This phenomenon occurs when air is entrained into the venous system and then 
travels to the right heart and potentially reduces or entirely blocks blood flow. The 
sitting and park bench positions particularly increase risk of VAE due to a lower 
venous pressure at the operative site because of its location above the heart. The 
anesthesiologist may be able to reduce this risk by several techniques that all 
increase venous pressure. Administering IV fluids and the use of PEEP will both 
increase central venous pressure. Of note, conversely, the release of PEEP poses an 
increased VAE risk due to the pressure changes. Moderate hypoventilation increases 
venous pressure by arterial vasodilation and increasing cerebral blood flow. 
However, this technique could worsen surgical exposure by increasing ICP and so 
may be controversial. If a VAE does occur, the anesthesiologist may notice a sudden 
decrease in end-tidal CO2, hypoxia, and potentially cardiovascular collapse if the 
embolism is large enough. The first step of treatment involves immediate flooding 
of the surgical field with saline; thus it must always be readily available in surgeries 
carrying this risk. Other treatment includes administration of 100% FiO2, jugular 
vein compression, lowering of the head, and placement of the patient in the left 
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lateral position to displace the air from the right ventricular outflow tract. If cardio-
vascular collapse occurs, prompt initiation of advanced cardiovascular life support 
is imperative.

 Emergence

Emergence from anesthesia and extubation is a critical time for the anesthesiologist 
with the potential for several complications. Ideally, this should occur timely, in 
order to perform an immediate postoperative neurologic assessment. However, 
emergence should also happen without coughing or bucking to prevent increasing 
ICP and potentially disrupting the reconstruction. Antihypertensive agents may 
need to be administered at this time to blunt the sympathetic reactivity. A deep extu-
bation, which is performed with the patient adequately anesthetized, would prevent 
straining, although this may want to be avoided to ensure a normal neurologic exam 
prior to extubation. Also, caution must be taken with extubation if there is concern 
for cranial nerve damage which could impair airway reflexes or if there is presence 
of facial or tongue swelling. Transtracheal or IV lidocaine, small doses of opioids, 
or dexmedetomidine can help to facilitate a smooth yet awake extubation by blunt-
ing the patient’s reaction to the presence of the endotracheal tube. Causes of a 
delayed emergence can include pharmacologic, metabolic, or intracranial pathology 
such as seizure, stroke, or bleeding and should be worked up immediately.

 Extubation Criteria

Patients should only be extubated if extubation criteria are met. This reduces the 
chances of reintubation and of needing significant ventilatory or oxygen support. 
There should also be no major active surgical complications such as uncontrolled 
bleeding.

 Neurologic

Ideally, patients should be at their baseline neurologic status and able to follow 
simple commands.

 Airway and Pulmonary

Patients must keep their oxygen saturation and end-tidal CO2 close to normal or 
baseline with minimal supplemental oxygen and ventilatory support. They should 
have a patent airway, strong cough, and intact airway reflexes and be swallowing 
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their secretions. A leak should also be present around the endotracheal tube cuff at 
pressure below 20 cmH2O with the cuff deflated. This must be checked in cases 
where surgical trauma may have caused airway tissue edema. Neuromuscular 
blockade should be reversed.

 Cardiovascular

The heart rate and rhythm should be normal or baseline and not cause hemodynamic 
instability. Patients should not be on high or escalating doses of inotropes or vaso-
pressors which could indicate tissue ischemia and impending decompensation in 
mental and respiratory status.

 Normothermia

Patients need to have a normal core temperature.

 Transsphenoidal Approach

Because this unique surgical approach involves the airway, it demands several extra 
precautions at time of extubation. Nasal packs are sometimes placed by the surgeon 
at the end of the case, and they may eliminate or limit breathing through the nose. 
Extubation should be performed when the patient is awake and able to maintain a 
patent airway. This is especially important because post extubation positive pressure 
ventilation with a face mask and the use of nasal airway devices must be avoided to 
prevent disrupting the surgical closure. If post extubation airway support is needed, 
an oropharyngeal airway or LMA can be used safely. An orogastric tube should also 
be used to empty the stomach of blood prior to extubation and the oropharynx suc-
tioned well.

 How to Handle Failed Extubation

When extubating patients at high risk for reintubation, consider placing an airway 
exchange catheter into the trachea prior to extubation. This provides a conduit to 
administer oxygen and a guide for an expedited reintubation.
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 Postoperative Care

The goals of postoperative care include close monitoring for complications, main-
tenance of cardiopulmonary stability, and prevention and treatment of pain and nau-
sea. Continuing to prevent increases in ICP is imperative in the PACU where patients 
may become hypertensive secondary to pain, emesis, agitation, or delirium. The 
primary team should be made aware of any major changes in patient clinical status 
or any complications requiring prompt surgical re-exploration.

 Monitoring

All patients should be frequently monitored for changes in mental status and neuro-
logic exam. Cardiac rhythm and systemic blood pressure should be monitored as 
perioperative cardiovascular events can occur postoperatively. To prevent increasing 
ICP, keep the patient’s head upright and administer antihypertensive medication if 
needed to maintain normotension. Avoid using vasodilators like nitroprusside, 
nitroglycerine, hydralazine, and calcium channel blockers to control the blood pres-
sure as these agents actually increase cerebral blood flow. Oxygenation and ventila-
tion must be continuously monitored and extra vigilance taken if the surgical 
approach involved the airway. Consider checking urine output and electrolytes if 
large-volume shifts are expected. Hemoglobin, platelets, and coagulation panel may 
be checked if there is concern for bleeding or coagulopathy.

 Pain

Pain must be adequately controlled to prevent hypertension and tachycardia, which 
could put pressure on the reconstruction site and raise ICP. A multimodal pain regi-
men including non-opioids is best as long as there are no contraindications. Opioids 
must be carefully titrated to prevent respiratory depression, hypercapnia, and intra-
cranial vasodilation. Consider administering an opioid reversal agent if an overdose 
is suspected.

 Nausea

Aggressive antiemesis treatment must continue in the PACU as retching and vomit-
ing will increase ICP and potentially disrupt the surgical repair. Certain antiemetics 
can cause sedation, especially when administered simultaneously with opioids.
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 Complications

 Neurologic

Altered mental status, new neurologic deficit, or delayed emergence from anesthe-
sia warrant immediate workup. Differential includes pharmacologic, metabolic, or 
intracranial causes. Consider prompt head imaging to look for bleeding or edema. If 
visual defects occur immediately postoperatively, they are usually caused by bleed-
ing and hematoma development requiring emergent surgical exploration. If visual 
changes occur later, they are usually caused by edema which is treated with sup-
portive care.

 Pulmonary

Airway obstruction can occur from oversedation, hematoma formation, edema, or a 
retained surgical sponge. Administer reversal for any sedating agents if suspected. 
Inspect the airway for bleeding, secretions, or retained surgical equipment, and 
remove if possible. Attempt to relieve obstruction with head and neck position 
change, jaw thrust, or oral airways.

 Bleeding

Superficial bleeding can occur at skin incisions or within the nasal mucosa. Bleeding 
in these locations usually will not cause hypovolemia or require transfusion. The 
more concerning intracranial bleeding can cause different symptoms depending on 
the location. A hematoma around the carotid artery can result in a stroke or increase 
ICP. An optic chiasm hematoma will immediately affect visual fields. Intracranial 
bleeding and hematomas require prompt imaging and may need emergent surgical 
evacuation.

 CSF Leak

Postoperative rhinorrhea may be the first sign of this complication. The fluid should 
be tested for glucose, and concentration >30 mg/ml is consistent with CSF. Nasal 
mucus would not contain glucose. If left untreated, a CSF leak could cause tension 
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pneumocephalus or meningitis. Treatment includes replacement of fat graft and 
possibly lumbar drain to decrease pressure on the repair.

 Endocrine

Hypothalamic-pituitary axis malfunction can occur postoperatively and should be 
promptly diagnosed and treated. ACTH deficiency creates a cortisol deficit resulting 
in hypotension and potassium and sodium abnormalities. This is treated with hydro-
cortisone. Neurogenic DI, caused by decreased antidiuretic (ADH) hormone release, 
can occur in the first day after surgery and results in increased renal water loss. 
Electrolytes should be monitored and volume loss replaced with hypotonic fluid. 
Desmopressin is reserved for severe cases. Syndrome of inappropriate ADH release 
usually does not happen until 7  days postoperatively and is treated with fluid 
restriction.

 Disposition

 Intensive Care Unit (ICU)

Patients requiring frequent neurologic status monitoring or those with new neuro-
logic deficits should be treated in a critical care unit. Hemodynamically unstable 
patients should also be admitted to the ICU for prompt resuscitation and titration of 
inotropes or vasopressors. Intubated patients or those with a tenuous airway also 
require close observation. Acromegalics and any patients at risk for OSA should be 
closely monitored in ICU for at least the first 24 h postoperatively.

 Step Down Unit

This level of care is appropriate for patients who are currently stable but at moderate 
risk for deterioration in clinical status necessitating relatively frequent monitoring.

Patients not meeting the above criteria can recover safely in a regular postsurgi-
cal unit.
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Chapter 9
Allografts and Materials in Skull Base 
Reconstruction

C. Eric Bailey and Christopher H. Le

 Introduction

While vascularized flaps have become standard for reconstruction of skull base 
defects with higher CSF flow or larger size [1], many materials have been used for 
repair of smaller or less complex defects, either as free grafts, as part of multilayer 
repairs, or as adjuncts for vascularized flaps. Materials may be divided into those 
derived from patient tissues (autologous) or from synthetic sources (non- autologous) 
[2]. Autologous materials include fat [3–8], free mucosal grafts [9–11], bone [12, 
13], septal cartilage [5], and fascia lata [14, 15]. Alloderm [LifeCell, Branchburg, 
NJ, USA] [6, 11, 15], Gelfoam [Pfizer, New York, NY, USA] [3, 6], porcine small 
intestine submucosal grafts [16], polydioxanone [17–20], poly(d,l)lactide acid 
plate [21, 22], and collagen matrix [11] are non-autologous materials which have 
been used, occasionally in combination with sealants [23–28] or various packing 
materials for supporting reconstructions. While the relative lack of prospective 
comparisons, predominantly retrospective nature of available literature, and the use 
of materials in multiple combinations limit the ability to directly compare success 
rates for different materials, this chapter will review the autologous and non- 
autologous materials in widespread use for skull base reconstruction and the avail-
able data for their use.

Commercial products mentioned in this chapter are not intended to represent an endorsement of 
the product but are merely used to describe the specific formulation of materials used in the various 
studies reviewed.
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 Autologous Grafts

Autologous graft materials are those which are derived from the patient’s own tis-
sues. Many autologous materials have been used for endonasal endoscopic repair of 
skull base defects, including fat [3–8], free mucosal grafts [9–11], bone [12, 13], 
septal cartilage [5], and fascia lata [14, 15].

Early techniques for repair of CSF fistula utilized autologous free grafts [29, 30], 
and autologous free grafts continue to be a viable option with good outcomes for 
small anterior skull base or sellar defects with low-flow CSF leaks [2, 31]. A recent 
meta-analysis and systematic review evaluated the effect of graft type on surgical 
outcomes and compared postoperative CSF leak rate, meningitis, and other major 
complications utilizing autologous vs. non-autologous grafts. In order to prevent 
confounding effects, studies utilizing both autologous and non-autologous grafts in 
combination or those using vascularized flaps were excluded. The authors identified 
29 studies which met their inclusion criteria, including 1779 patients with repairs 
utilizing autologous grafts and 496 patients with repairs with non-autologous grafts. 
Among studies in which sufficient outcome data was available for adjusted system-
atic review, there were no significant differences in CSF leak rate between autolo-
gous and non-autologous materials. The rate of meningitis was lower for 
non-autologous materials. However, it is unclear whether this difference is related 
to graft type or to other factors such as lumbar drain placement [2]. The similar suc-
cess rate between autologous and non-autologous grafts supports the findings of a 
previous systematic review [32], which also included studies that combined autolo-
gous and non-autologous grafts in multilayer repairs. High success rates have been 
reported whether the comparisons utilized allograft vs. xenograft or a combination 
of both [6, 14, 16, 33, 34].

While harvest of some autologous graft materials such as abdominal fat, fascia 
lata, split calvarial bone, or conchal cartilage requires a separate donor site with 
associated morbidity, other autologous materials such as free mucosal grafts, septal 
bone, and septal cartilage are readily available in the nasal cavity, precluding need 
for additional donor site, which negates one potential advantage of synthetic materi-
als or xenografts (Table 9.1). Compared to synthetic materials or xenografts, autolo-
gous grafts have minimal cost aside from time required to harvest. Autologous 
grafts also have the potential for rapid rates of healing and integration into surround-
ing tissue. Experiments with free mucosal grafts demonstrated microscopic re- 
epithelialization by 12  days postoperatively, with adherence to the skull base 
surrounding the defect by the sixth postoperative day [35]. The biocompatibility of 
autografts can be beneficial in patients in whom long-term imaging follow-up is 
necessary, as decreased local inflammatory response may make interpretation of 
follow-up imaging more accurate [36].

Autologous grafts are not without disadvantages, however. Donor site morbidity 
must be considered in grafts which require a separate donor site [37], and while 
grafts harvested from the nasal cavity avoid a separate donor site, there can still be 
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Table 9.1 Sources of autologous free tissue grafts

Autologous free grafts from sinonasal cavity
Middle turbinate mucosa
Nasal floor mucosa
Inferior turbinate mucosa
Septal cartilage
Septal bone
Autologous free grafts from distant sites
Fascia lata
Conchal cartilage
Abdominal fat
Bone (mastoid, split calvarial)

significant crusting from the area of harvest. The amount of graft material may also 
be limited [36], particularly in the setting of revision surgery. The following sec-
tions will review individual autologous materials and the literature regarding their 
use in skull base reconstruction.

 Fat

Fat grafts have a long history of use in skull base reconstruction. Fat is typically 
harvested from an abdominal donor site. The most common uses for fat auto-
grafts are to obliterate dead space in large resection cavities [37] in preparation 
for placement of other grafts [38] or in smaller areas such as the sella when 
there is a low- flow CSF leak [13]. Autologous dermal-fat graft composites have 
also been used and are reported to allow for easier manipulation of the fat graft 
[39]. Fat has also been used as a repair graft for small (<1 cm) low-flow intra-
operative CSF leaks as an inlay graft or using a “bath plug” technique [1, 40, 
41], whereby fat secured with suture was placed intracranially, with retraction 
on the suture to ensure snug fit prior to securing the fat with fibrin glue [42]. 
Interestingly, in one ex vivo porcine model, the “bath plug” technique performed 
favorably compared to standard fat graft or autologous mucosa overlay with 
Tisseel (Baxter Healthcare Corp, Deerfield, IL, USA) when tested for mean 
failure pressure. The “bath plug” technique was the only one of the three tested 
techniques that withstood adult physiologic supine cerebrospinal fluid (CSF) 
pressure [43].

An evidence-based review suggested that fat grafts are a good option for repair 
of many skull base defects with fistula closure rates from 82% to 100% [32], 
although it is noted that one of the cited studies found higher rates of meningitis and 
persistent CSF leak in patients who had fat and free mucosal graft closure for high- 
flow leaks compared to multilayer repair using fascia overlay and bone buttress 
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[44]. Similarly, a study published subsequent to this review reported a series of 551 
endonasal endoscopic approaches for pituitary and parasellar tumors using abdomi-
nal fat to obliterate dead space prior to multilayer repairs. Moderate and high-flow 
CSF leaks were repaired in layered fashion, utilizing fat in the sella, suprasellar 
space, or clivus, respectively, before collagen matrix, bone or synthetic rigid but-
tress, and additional fat, collagen sponge, or nasoseptal flap. Postoperative leak rate 
for this repair type was 3.1% for moderate leaks and 4.8% for high-flow leaks [13]. 
Sanders-Taylor et al. described a series of 235 patients with sellar repair using fat to 
obliterate the sellar defect, prior to placement of septal bone or cartilage and bio-
logical glue with absorbable packing for reinforcement. Delayed CSF leak was 
reported to be 1.7%, with one patient requiring revision surgery [5]. A recent case 
series reported reconstruction of sellar defects in 380 patients with a combination of 
free abdominal fat graft with a synthetic plate or autologous cartilage or bone for 
reconstruction of the sellar floor. In this series, the indication for fat grafting was 
observed intraoperative CSF leak in 87% of cases; the remainder of cases used fat 
graft for closure of dead space, in the absence of observed CSF leak. The authors 
reported a 3.7% rate of persistent CSF leak requiring revision surgery. The rate of 
abdominal donor site complication was 1.1%. One weakness of this study is that 
categorization of CSF leak was not reported [8].

While most series report use of fat autografts for closure of dead space in prepa-
ration for multilayer repair, one case series reported the use of en bloc fat graft for 
repair of large anterior skull base defects following transcribriform endoscopic 
endonasal approach (EEA) for malignant skull base lesions. The repair of all defects 
(n = 29) was performed utilizing a single layer of autologous abdominal fat, sup-
ported in position by the surgeon until placement of fibrin glue. Subsequently, a 
bolster of silastic sheeting and non-absorbable nasal packs was placed. The mean 
defect size was reported to be 4.47 ± 2.9 cm2. The authors report a 3.5% rate (one 
patient) of postoperative CSF leak which resolved with conservative management, 
as well as two cases (6.9%) of confirmed bacterial meningitis [7].

Advantages of using autologous fat are that it is readily available and has low 
cost. It does, however, have the disadvantage that a separate, non-regional harvest 
site is necessary, with potential for hematoma, seroma, or wound infection [39]. A 
separate issue is that fat also has a significant degree of atrophy with exposure to 
aerated sinus [3], which could potentially lead to graft failure. This is less of a con-
cern when fat is used for closure of dead space or to bolster an overlay graft, but 
must be considered if fat is being used as a primary repair material.

 Fascia Lata

Fascia lata has also seen widespread use as an autologous graft material for skull 
base reconstruction. The lack of an epithelial surface makes it suitable for inlay 
grafting [31] or onlay grafting [37]. The primary disadvantages of fascia lata are the 
need for a separate incision for harvest and the potential for postoperative 
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complications, particularly in physically active patients [37]. Fascia lata has been 
suggested to be a suitable alternative to vascularized flaps for low-flow CSF leaks 
[1]. A fascia lata button technique has also been described for high-flow CSF leaks 
resulting from open cistern communication. This technique involves suturing two 
pieces of fascia lata together, which serve as a combined inlay/onlay graft. The inlay 
graft is approximately 30% larger than the defect, while the onlay graft is 5–10% 
larger than the defect. The authors subsequently placed either a nasoseptal flap or 
secured the onlay portion in place with biological glue. The authors report a CSF 
leak rate of 10% for open cistern high-flow CSF leaks using this technique, com-
pared to 45% leak rate for the same patient population previously in their case series 
using fat obliteration, synthetic dural inlay, and onlay graft [45]. Fascia lata has also 
been used in combination with numerous other combinations of materials for mul-
tilayer repairs [14, 15, 44, 46]. The iliotibial tract, which is a continuation of the 
fascia lata, has also been described as an alternative source of fascia for repair. In 
one series of 62 patients who underwent endoscopic endonasal anterior skull base 
tumor resection that included dural resection, iliotibial tract fascia was used for an 
intradural layer, followed by another intracranial extradural fascia graft. Fat was 
used to fill any dead space between this extradural graft and a third extracranial 
onlay graft of fascia. Each layer was secured with fibrin glue. The authors report a 
13% rate of postoperative CSF leak, with three cases that did not respond to conser-
vative management and required revision of repair.

In summary, fascia lata provides a versatile autologous graft option that can be 
used as the sole repair material or in combination with other materials in multilayer 
repair or as an inlay graft in combination with vascularized repairs.

 Bone

Bone grafts have been utilized for repair of skull base defects to provide rigid sup-
port in cases of large anterior skull base defects. Although indications for rigid 
reconstruction of skull base defects are not clearly defined, bone grafts are a non- 
synthetic option for providing rigidity in skull base reconstruction. Bone graft 
options include both autologous sites such as lamella of middle turbinate [12, 47], 
vomer or septum [12, 48], mastoid bone [12], frontal bone [12], inferior turbinate 
bone [12], and non-autologous options such as cadaveric iliac crest [44]. A litera-
ture review identified five case series (including Germani et  al. and Kong et  al. 
described below) using bone grafts for CSF leak repair, with aggregate evidence of 
level C supporting use of bone as a graft material [32]. As with all autologous mate-
rials, a donor site is required; however, the bone can frequently be harvested locally 
from the sinonasal cavity precluding need for a separate incision. The numerous 
available donor sites in the nasal cavity as well as the availability of cadaveric iliac 
crest negate one of the advantages of synthetic rigid materials in that there is not 
additional donor site morbidity; however, there is still time required for graft 
harvest.
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Bone grafts have been used in differing ways by many groups. Although not 
primarily evaluating the use of the bone as a grafting material, Germani et  al. 
reported a series of 55 patients who had repair with a number of different materials. 
Twelve of these repairs utilized bone grafts of unspecified donor site. The success 
rate was 83%, with one of the persistent CSF leaks occurring in a patient with a 
small defect repaired with bone paste. Only one patient required revision sur-
gery [33].

Several groups have suggested “gasket seal” type repairs using a rigid onlay graft 
approximately the size of the bony skull base defect “countersunk” into an inlay 
graft. Bone grafts have frequently been used in this reconstructive technique [38, 
44, 46, 49]. Leng et al. described the “gasket seal” method in 2008 predominantly 
in a series of suprasellar and planum sphenoidale defects, and while bone grafts 
from vomer were used in their initial series, their description does not specify for 
which patients bone grafts were used as opposed to synthetic rigid materials [46]. 
Tabaee et al. reported a success rate of 87.5% using fat graft (if no ventricular com-
munication), fascia lata inlay with bone graft onlay for repair of high-volume CSF 
leaks from suprasellar and anterior cranial fossa defects. Only one patient failed 
conservative management and required reoperation. The small sample size pre-
cluded comparison between repair types within the study. Kong et al. report using 
the gasket seal technique with cadaveric bone homografts for closure of sellar 
defects and extra-sellar defects with CSF leaks. Of 29 patients with intraoperative 
CSF leaks, 93.1% had successful closure of CSF fistula [44].

In a study which evaluated delayed postoperative CT imaging from 44 patients 
who underwent transsphenoidal sellar and parasellar surgery without bone graft 
placement, no appreciable bony regrowth over the skull base defect was identified 
on imaging (average of 12.4 months, range 6–24 months). By contrast, the authors 
report that among 13 patients who had anterior skull base reconstructions with free 
bone grafts, 84.6% had at least partial incorporation of the graft into the residual 
bony skull base on follow-up imaging [12], suggesting that if rigid reconstruction is 
necessary, free bone grafts may be an attractive option in patients not requiring 
postoperative radiation.

Different authors report varying indications for use of rigid materials in recon-
struction. For repair of encephaloceles, non-traumatic CSF leaks, and meningo-
celes, Nyquist et al. [50] suggested use of a rigid reconstruction such as the bone 
with a vascularized flap if the defect size is greater than 1 cm. It is generally agreed 
that rigid reconstruction of bony skull base defects may be useful for patients with 
intracranial hypertension [51, 52]. However, concerns have been expressed regard-
ing the use of bone grafts for reconstruction due to the risk of subsequent bony 
sequestra [53] or the possibility of osteoradionecrosis [54] in patients who may 
undergo radiation therapy. Others specifically avoid the use of rigid reconstruction 
with bone or alloplastic materials even in the setting of large defects after endo-
scopic endonasal tumor resection, due to concerns about infection or migration of 
the rigid graft [55]. To evaluate the necessity of rigid reconstruction of skull base 
defects, Eloy et al. evaluated changes in frontal lobe position after transcribriform 
resection of anterior skull base tumors. Defects were repaired with multilayer 
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closure consisting of autologous fascia lata, acellular dermal allograft, and vascular-
ized nasoseptal flap. Average defect size in their series was 9.3 cm2. Displacement 
of the frontal lobe on postoperative imaging (mean follow-up 10.1 months) was 
compared to preoperative imaging. While there was significant variability in frontal 
lobe displacement between male and female patients, the mean postoperative fron-
tal lobe displacement was 0.2 mm. The range of displacement of the inferior most 
portion of the frontal lobe from preoperative position was −3.9 to +2.9 mm, indicat-
ing either inferior displacement of the frontal lobes due to gravity or contraction of 
the graft leading to superior displacement. The authors were careful to mention the 
limitations of their study and suggest that the findings may not be generalizable to 
all areas of the anterior skull base or other reconstructive methods, but their findings 
do suggest that at least some locations of the anterior skull base may not require 
rigid support if multilayer repair is utilized [15].

 Free Mucosa

Similar to bone and fat grafts, free mucosal grafts have a long history of use in skull 
base repair and closure of CSF fistula. While other reconstruction techniques such 
as pedicled flaps have gained prominence, free mucosal grafts are a viable option in 
selected patients. One recently published series reported outcomes of 158 consecu-
tive patients who underwent endoscopic endonasal resection of pituitary adenomas. 
Nine patients in the series had reconstruction with nasoseptal flap due to opening 
into the suprasellar cistern during tumor removal. Twenty-seven patients early in the 
series had collagen matrix inlay with or without extradural onlay of oxidized cel-
lulose. The remaining 122 patients had reconstruction with collagen matrix inlay 
graft with free mucosal onlay grafting. In the group with free mucosal onlay graft 
repair, the intraoperative leak rate was 39%, with a postoperative CSF leak rate of 
0.82%. Postoperative CSF leak rates for the nasoseptal flap group and the group 
with collagen matrix inlay alone were 0% and 7.4%, respectively. The authors sug-
gest that free mucosal grafts are an appropriate alternative to nasoseptal flaps for 
low-flow CSF leak repair in pituitary surgery [56]. Another recent case series 
reported results with 300 consecutive patients who underwent repair of sellar or 
parasellar defects. The repair algorithm utilized by the authors included use of free 
mucosal graft alone (if no intraoperative CSF leak), autologous fat (± rigid fixation 
with septal bone or resorbable plate) with free mucosal graft if low-flow CSF leak, 
or autologous fat with nasoseptal flap for high-flow CSF leaks. In the low-flow CSF 
leak group, which was repaired with free mucosal grafts, the authors report a post-
operative CSF leak rate of 1.5%. Their findings in regard to high-flow CSF leaks 
were in agreement with previously published series, supporting the idea that pedi-
cled flaps have a higher success rate for repair of high-flow CSF leaks [57, 58].

An evidence-based review of management of CSF leaks found 39 studies meet-
ing their inclusion criteria, including one meta-analysis and two systematic 
reviews. While the overall level of evidence was judged to be low (grade C), there 
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was not a notable difference found between free grafts and vascularized grafts 
[32]. There were several notable caveats, however. A systematic review by Soudry 
et al. evaluated repair of skull base defects following endoscopic endonasal skull 
base resection and identified 22 studies including 673 patients meeting inclusion 
criteria. The overall postoperative CSF leak rate was found to be 8.5%. Subgroup 
analysis was performed to evaluate the effect of location and degree of intraopera-
tive CSF leak upon postoperative leak rates, and authors found that separately 
analyzing the subgroups proved difficult due to inter-relatedness of subsite and 
CSF leak rate for particular subsites such as tuberculum sella or clivus. The 
authors concluded that for low-flow CSF leaks (which in their analysis comprised 
exclusively sellar and parasellar defects), layered repair with free grafts (includ-
ing mucosal free grafts) and/or synthetic materials resulted in high success rates. 
Consistent with the previously discussed studies, however, high-flow CSF leaks 
had better closure rates with vascularized grafts compared to free grafts (94% vs. 
82%) [59]. A systematic review by Harvey et al. also supported the use of vascu-
larized flaps for repair of high-flow CSF leaks, but further stratified repairs by the 
defect size. In 609 patients with large (>3 cm) dural defects from 38 studies, 54% 
of patients were repaired with free graft reconstruction, while 46% had repair with 
local or regional vascularized tissue flap. The persistent CSF leak rate for free 
grafts was reported to be 15.6%, while the leak rate for patients with vascularized 
repairs was 6.7%. This difference was statistically significant, suggesting that 
dural defects greater than 3 cm have lower leak rates following vascularized repair 
[57]. Nevertheless, the literature suggests that for small defects with no CSF leak 
or low-flow CSF leak, free mucosal grafts provide similar outcomes to vascular-
ized repair.

Advantages of free mucosal grafts are that there is no tethering by the vascular 
pedicle and that free mucosal grafts are relatively easily harvested [60]. While read-
ily available and frequently used, there are specific precautions relating to use of 
free mucosal grafts. If the mucosal side of the graft is not placed facing the nasal 
cavity, poor adherence and mucocele formation may be promoted [37]. This has led 
some to suggest marking the mucosal surface to prevent inadvertent placement of 
the mucosal surface facing away from the nasal cavity [52]. Graft size may also be 
limited by tissue availability. This is an important consideration in revision cases 
and can be problematic due to contracture of free mucosal grafts, which has been 
described to result in graft failure if the edge of the graft retracts prior to graft inte-
gration [36].

The nasal cavity offers multiple locations for harvest of free mucosal grafts, 
including the middle turbinate mucosa [9], inferior turbinate mucosa [10] or nasal 
floor mucosa [56]. Middle turbinate grafts are the most common free mucosal 
grafts [9], since the middle turbinate has frequently been removed to improve 
access for extended approaches [61, 62]. As middle turbinate preservation has 
been demonstrated to be feasible for many approaches [63], alternative sources 
for free mucosal grafts have been explored such as the nasal floor. An advantage 
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of the nasal floor mucosa graft, include reported greater thickness of the graft 
compared to middle turbinate mucosa. Disadvantages of the nasal floor graft 
include transient numbness of the incisors due to injury to the nasopalatine 
nerve [56].

 Tissue Glue

Migration of graft material after placement can lead to persistent CSF fistula. The 
narrow corridors in endoscopic skull base surgery limits ability to secure with 
skull base reconstruction material with sutures, and some graft materials are not 
durable enough for suturing. Accordingly, many surgeons use adjunct methods to 
stabilize grafts in appropriate position such as tissue sealants. Several types of tis-
sue sealants are commercially available, which can generally be divided into 
fibrin-based, polyethylene glycol-based, and serum albumin-derived. Fibrin-based 
sealants include Beriplast (CSL Behring, King of Prussia, PA, USA), Tisseel/
Tissucol (human fibrin cryoprecipitate; Baxter Healthcare Corp, Deerfield, IL, 
USA), and Tachosil (human fibrin and thrombin-coated equine collagen sponge; 
Baxter Healthcare Corp, Deerfield, IL, USA). Bioglue (Cryolife, Kennesaw, GA, 
USA) is a serum albumin- derived sealant. PEG-derived sealants include Duraseal 
(Integra Life Sciences, Saint Priest, France) and Adherus (Stryker, Kalamazoo, 
MI USA).

There is data from in vitro and animal studies which suggests that sealants or 
glues may increase the stability of graft seal. One in vitro study utilizing fresh 
human cadaver dura tested four varieties of sealants or glues, with results show-
ing that mean pressure at which leakage occurred was significantly increased for 
all four products, with differing pressures between the tested formulations [64]. 
In an in vivo porcine model, cribriform defects were created endoscopically and 
then repaired with free pericranial grafts with or without fibrin glue. The animals 
were euthanized 7  days postoperatively, and the burst pressure of the repair 
(hydraulic pressure at which leakage was visualized through the repair) was 
tested in blinded fashion. The pericranial repairs which included fibrin glue had 
statistically greater burst pressures and better adherence [65]. Another ex vivo 
porcine dura model tested the mean failure pressure of collagen matrix underlay 
grafts combined with polyethylene glycol (PEG) hydrogel sealant, collagen 
matrix underlay graft with fibrin glue, or fascia lata graft secured to dura with 
titanium clips. The collagen matrix underlay combined with PEG sealant was 
found to have significantly higher mean failure pressure than either collagen 
matrix with fibrin glue or fascia lata with titanium clips. No comparisons were 
made of the underlay graft mean failure pressure without sealant as a comparator, 
however [66].
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 Serum Albumin-Derived Sealants

Several studies have evaluated a bovine serum albumin and glutaraldehyde-based 
sealant. Some concerns were raised regarding release of glutaraldehyde from the 
sealant, with one study showing in vitro cytotoxicity in a human and mouse cell line 
as well as in vivo cytotoxicity in rabbit liver and lung tissue [67]. Another study 
found granulomatous inflammation at the site of adhesive use in ovine model of 
bronchial anastomosis and lung parenchymal repair, which was not present with 
hand-sutured anastomosis and repair [68]. However, an in vivo study in which the 
sealant was applied directly to rat cerebral cortex, intact pia, and arachnoid mater 
appeared to prevent inflammation of the brain parenchyma, suggesting that place-
ment as a sealant over onlay grafting would be unlikely to provoke significant corti-
cal inflammatory response [69]. Additional consideration should be given to avoid 
repetitive exposure to BSA-glutaraldehyde sealant per package insert, due to risk of 
possible sensitization and anaphylaxis [70].

Kumar et al. describe a prospective study of 32 patients who underwent transna-
sal transeptal transsphenoidal surgery with sellar reconstruction. Half of the patients 
had suprasellar extension. All repairs consisted of fat graft to obliterate the resection 
cavity and autologous bone graft to reconstruct the anterior sellar wall. The repair 
was then covered with bovine serum albumin-derived sealant and the nasal cavity 
packed with iodine-impregnated ribbon gauze. Intraoperative CSF leak was 
observed in nine patients, in whom lumbar CSF diversion was used postoperatively 
for 48 h. The authors reported no postoperative CSF leaks in this series [71].

Dusick et al. describe an industry-sponsored retrospective cohort study of 282 
consecutive patients undergoing endonasal endoscopic sellar or parasellar surgeries, 
124 of which had bovine serum albumin-derived sealant used to reinforce repair of 
intraoperative CSF leak. Repairs consisted of collagen sponge with sealant for 
reconstruction if no leak was present; titanium mesh sandwiched with collagen 
sponge inlay and onlay with sealant for low-flow leaks; abdominal fat graft with 
collagen sponge and intrasellar titanium mesh for moderate leaks; and abdominal 
fat graft with collagen sponge and intrasellar titanium mesh with 48 h of lumbar 
drain for large diaphragmatic or dural defects from extended transsphenoidal 
approaches. Although no control group was included in the study, the authors com-
pare the results with their previously reported results which did not utilize sealant. 
In patients with low and moderate flow intraoperative CSF leaks, postoperative CSF 
leak rate was 0% in this series, which is comparable to rates reported in the litera-
ture [72]. For 31 patients in this study with high-flow CSF leaks, the rate of postop-
erative CSF leak was 6.5%, which is lower than the same authors’ previously 
reported rate of 21% [73]. While this may be from beneficial effect of the sealant, it 
could also be explained by greater surgical experience and improved technique 
over time.
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 Fibrin-Derived Sealants

Fibrin-based sealants rely on the activity of thrombin to convert fibrinogen to fibrin. 
Fibrin-based sealants have been evaluated as replacement for fat or muscle grafts 
for closure of the sella and parasellar region after sublabial transsphenoidal approach 
[25, 74]. Seda et al. reported a series 64 patients with intraoperative CSF leak fol-
lowing sublabial transsphenoidal approach who underwent repair using only oxi-
dized cellulose polymer and fibrin sealant. One patient (1.6%) had a postoperative 
CSF leak, with another patient developing meningitis but no identifiable CSF leak. 
All patients had lumbar CSF diversion for 5 days postoperatively [74]. As tech-
niques shifted from microsurgical approaches to endoscopic endonasal approaches, 
interest in the use of sealants as adjuncts in endoscopic repair developed. One early 
rodent in  vivo study evaluated the use of fibrin glue as a substitute for muscle 
patches or as an adjunct combined with muscle patch repair for experimentally pro-
duced cribriform CSF leaks. The authors reported that the control group (no repair) 
had an 89% rate of persistent CSF leak at 3 weeks. The group repaired with fibrin 
sealant alone had a 59% CSF leak rate, while the group with muscle patch repair 
had a 33% rate of CSF leak. The rats treated with muscle patch and fibrin sealant 
had a 22% rate of persistent CSF leak at 3 weeks [75].

More recent studies have focused on the use of fibrin sealants in multilayer skull 
base reconstruction. Cappabianca et al. used Tissucol fibrin sealant with or without 
collagen fleece (combined with a polyester-silicone dural substitute) for closure of 
sellar defects following endoscopic endonasal transsphenoidal surgery. They found 
that fibrin sealant with collagen fleece (n = 13) had lower rate of CSF leak (0% leak 
rate) compared to fibrin sealant (n = 16) alone (12.5% leak rate). The patients in 
each group had intraoperative CSF leak. The authors note that CSF diversion via 
lumbar drain was used when repair was not considered watertight, with extended 
approach to planum sphenoidale or clivus, or if “copious” CSF leak was noted intra-
operatively. In the fibrin sealant group (leak rate of 12.5%), 6 of 16 patients had 
postoperative CSF diversion, compared to no patients in the collagen fleece + fibrin 
sealant group (leak rate of 0%) [26]. In another paper, the same group reports the 
use of fibrin-based sealant in place of autologous fat for filling dead space in the 
sella prior to multilayer repair in 40 patients with intraoperative CSF leaks. The 
authors mention that four patients who underwent transsphenoidal surgery had post-
operative CSF leaks managed by applications of fibrin glue every 48 h until closure 
of the fistula, with 1–5 applications [27].

Additionally, Cavallo et al. report the use of repeated applications of fibrin-based 
sealant Tisseel in nine patients while awake in outpatient OR for CSF leak after 
extended transsphenoidal surgery as a nonoperative intervention. Four of the 
patients also required lumbar CSF diversion due to severity of the leak. All patients 
had undergone multilayer repair at the time of original procedure. The sealant was 
applied daily in patients with moderate or severe leaks, or every 2–3 days for “weep-
ing” leaks. Sealant was applied between 1 and 5 times. Leaks were diagnosed 
between POD 3 and POD 33 [76]. A separate group report on a series of 18 
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consecutive patients with use of fibrin glue and polyglactin acid sheet for repair of 
CSF leak following endoscopic endonasal pituitary surgery. The authors compare 
their results to their previous 38 patients treated either with fibrin glue alone or with 
pedicled mucosal grafts and fibrin glue. In the six patients treated with fibrin glue 
alone, the postoperative CSF fistula rate was 33.3% (2 leaks), while for the 32 
patients with mucosal graft and fibrin glue, the postoperative CSF fistula rate was 
15.6%. Among the 18 patients with polyglactin acid sheet and fibrin glue, there 
were no reported postoperative CSF leaks with 7-month follow-up [77].

While fibrin-based sealants have been widely studied, there are potential con-
cerns with their use. One of these is the potential for spread of infectious disease, as 
the majority of fibrin-based sealants are derived from pooled human donor plasma 
[31]. IgE-mediated hypersensitivity reactions and anaphylaxis have also been 
reported with the use of fibrin-based sealants in other types of surgery [78], report-
edly in relation to the bovine protease inhibitor aprotinin [79], which is used to 
prevent degradation during storage. Aprotinin is used in cardiac surgery as well, and 
1 study of 12,403 patients in which aprotinin was used found that even for those 
previously exposed to aprotinin (n = 801), the rate of reactions was 1.5%, with less 
than half of reactions being severe [80], suggesting that severe reactions would be 
unlikely with fibrin-based sealants.

 PEG-Derived Sealants

Burkett et al. describe a series of 204 consecutive patients undergoing endonasal 
endoscopic pituitary surgery. The first 107 patients were repaired using fibrin seal-
ant and Gelfoam for grades 0 (no noticeable leak) and 1 CSF leaks (small weeping 
CSF leak without visible defect). Grade 2 leaks (visible diaphragmatic defect with 
associated leak) were repaired with fibrin sealant, Gelfoam, abdominal fat graft, 
nasal packing, and 5 days of lumbar drain. For the second group comprising 97 
patients, collagen matrix covered with PEG dural sealant was utilized for grades 0 
and 1, while collagen matrix and PEG dural sealant with nasal packing was used for 
grade 2 CSF leaks. Therefore, in group 2, all repairs incorporated PEG hydrogel 
sealant. Among the patients whose repairs incorporated PEG dural sealant, overall 
postoperative CSF leak rate was 1%, representing one patient with grade 2 leak with 
persistent CSF leak. In group 1, which utilized fibrin sealant, the overall leak rate 
was 1.9% [24].

In another study of closure of sellar defects following transsphenoidal pituitary 
surgery, 74 patients with Grade I CSF leaks (“weeping” CSF leak or small arach-
noid defect) were repaired with gelatin sponge packing with PEG hydrogel sealant 
overlay. Reported persistence of CSF leak was 2.7%, with 1.4% incidence of men-
ingitis [81]. A larger study reported outcomes for 250 patients undergoing endo-
scopic endonasal pituitary surgery. Of these patients, 180 repairs included a PEG 
hydrogel (Duraseal) sealant and 70 repairs without PEG hydrogel. The leak rate 
reported between the groups with and without PEG hydrogel was not statistically 
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different. However, in addition to the retrospective nature of the study, interpretation 
of the results is hampered by the variability in repair materials utilized, including 
autologous fat, gelatin sponge, gelatin/thrombin foam in addition to the PEG- 
hydrogel, or fibrin-based sealants, which represented 20 separate combinations of 
materials reported [82].

PEG hydrogel materials are known to swell with hydration. There have been case 
reports from neurosurgical literature reporting complications due to this effect when 
PEG hydrogel materials were used in confined areas [83, 84], leading to caution in 
the use of hydrogel materials in enclosed areas.

The need for a glue or sealant in all cases has been questions, however. A case- 
control study comparison was made between patients with high-flow CSF leaks 
repaired with nasoseptal flap with (n = 42) or without (n = 32) dural sealant. Dural 
sealants used included either a polyethylene hydrogel (Duraseal) or a fibrin sealant 
(Tisseel; or Evicel; Ethicon, Somerville, NJ, USA). The difference in postoperative 
CSF leak between the groups (0% without sealant and 2.4% with sealant) was not 
statistically significant. The authors note, however, that in this retrospective study, 
the proportion of suprasellar/planum sphenoidale defects (an area with potentially 
greater risk of high-flow CSF leaks) was greater in the group utilizing dural sealant 
(14 patients) than in the group without sealant (three patients). Still, this retrospec-
tive study suggests that sealant may not be necessary with vascularized repairs even 
for high-flow CSF leaks, although the authors caution that randomized prospective 
trials are necessary [23].

 Homologues and Xenografts

While free grafts with various autologous materials such as mucosa and fascia lata 
have a long history of use in skull base reconstruction, homologues and xenografts 
are now frequently used in situations where autologous free grafts would have been 
used previously. Similar success rates have been reported with allografts or xeno-
grafts for repair of CSF leaks [2, 32].

Duragen, Alloderm, and Collagen Matrix

For endoscopic skull base surgery for resection of intracranial lesions requiring 
resection of dura, subsequent reconstruction of dura is critical. Collagen matrix is 
often used as an inlay graft in multilayer skull base reconstruction (Fig. 9.1), and a 
number of dural replacement products based on acellular collagen have been intro-
duced. Duragen (Integra Life Sciences, Princeton, NJ, USA) composed of bovine 
Achilles tendon [36] has been used as an epidural or subdural inlay graft [39, 85]. 
Duramatrix (Stryker, Kalamazoo, MI, USA) and Duraform (Codman & Shurtleff, 
Raynham, USA) are other collagen matrices derived from bovine Achilles tendon. 
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Fig. 9.1 Collagen matrix inlay graft and SIS onlay graft: 49-year-old male presenting with frac-
tures of the left posterior frontal sinus and ethmoid skull base after ground-level fall. (a) Collagen 
dural matrix inlay graft, porcine small intestinal submucosa (SIS) onlay graft. (b) Patient suffered 
ground-level fall with resulting left posterior table frontal sinus and ethmoid fractures with dis-
placement of bony fragment (arrow). (c, d) Postoperative scans with asterisk over site of EEA 
repair. (e) Endoscopic view of skull base fracture. (f) Endoscopic view of skull base fracture with 
collagen dural matrix inlay (DMI). (g) Endoscopic view demonstrating completed repair of skull 
base defect with porcine small intestinal submucosa as dural substitute onlay graft (DSO). (h) 
Postoperative repair with asterisk marking site of healed skull base reconstruction. FL frontal lobe, 
S septum, O orbit

TissuDura (Baxter, Vienna, Austria) is an impermeable collagen matrix composed 
of minced equine Achilles tendon.

A small series reported by Yoo et al. used either acellular dermis (Alloderm) or 
bovine Achilles tendon collagen (Duramatrix) for reconstruction of large (>2 cm in 
largest diameter) in a single layer underlay technique. The authors report that the 
Duramatrix group had a shorter period of postoperative crusting, less time to remu-
cosalization, and fewer postoperative debridements necessary compared to the 
Alloderm group. Neither group had postoperative CSF leak, although the small 
sample size (n = 2 for Alloderm group and n = 3 for Duramatrix group) limits gen-
eralizability [86].

Oakley et al. reported a series of 120 patients with transdural surgery either for 
intracranial or paranasal sinus pathology. All patients were repaired using collagen 
matrix (Duragen) as an intracranial inlay graft in the subdural or arachnoid space. 
Additional layers were utilized depending on defect size (free mucosal graft for 
defects <1  cm, vascularized mucoperiosteal flap [nasoseptal flap for 69.2%], or 
combination for large defects). The authors report a 3.3% rate of postoperative CSF 
leak, 3.3% rate of meningitis, and 1.7% intracranial bleeding. The authors con-
cluded that collagen matrix combined in a two-layer repair provided a viable skull 
base repair which, while having increased cost compared to autologous grafts, has 
advantages as no harvest time or donor site is necessary [85].

Cappabianca et al. [87] report a series of 72 patients undergoing endonasal endo-
scopic transsphenoidal pituitary surgery, of whom 15 underwent repair with equine 
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Fig. 9.2 Acellular dermal inlay graft and SIS onlay graft: 24-year-old male presented with highly 
comminuted fractures involving entirety of anterior skull base after gunshot wound to the head. 
Combined open and endoscopic approaches were used. (a) 3D reconstruction of maxillofacial 
CT. Patient presented with highly comminuted fractures involving the entirety of the anterior skull 
base following gunshot wound to head (b, c) Comminuted anterior skull base fractures. Arrows 
denote sites of dural injury and cerebrospinal fluid leak (arrow). (d, e) Postoperative scans with 
asterisk over site of repairs. (f) Endoscopic view of skull base fractures prior to repair. (g) 
Endoscopic view of skull base reconstruction after open and endoscopic approaches with a pedi-
cled pericranial flap covered by acellular dermal inlay (ADI) centrally and orbits (O) laterally. (h) 
Endoscopic view of skull base reconstruction after placement of porcine SIS as dural substitute 
graft (DSG). (i) Endoscopic view of postoperative repair with asterisk marking the site of healed 
skull base reconstruction. O orbit

collagen matrix. Of these, nine were performed for CSF leak (six of which extended 
into the suprasellar cistern, in which case collagen matrix was placed intradurally) 
and six to reconstruct the diaphragma sellae without CSF leak. The postoperative 
CSF leak rate was 6.7% (n = 1). The authors felt the material was safe and biocom-
patible, but the small sample size limits conclusions.

Acellular dermis is another homograft which has been widely used for skull base 
reconstruction (Fig.  9.2), both following endoscopic skull base surgery and for 
repair of iatrogenic or spontaneous CSF leaks. Lorenz et al. describe a series of 24 
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patients who underwent transsphenoidal transseptal hypophysectomy via hybrid 
microscopic-endoscopic approach. Eleven (45.8%) of these patients had intraopera-
tive CSF leaks. There were also eight patients diagnosed with CSF leaks following 
skull base surgery, sinus surgery, or trauma. The authors describe the use of acellu-
lar dermis as an intracranial extradural graft, bolstered by septal bone or cartilage 
placed intracranially. A second acellular dermal allograft was positioned intracrani-
ally over the bone/cartilage graft. A free mucosal graft was then placed as an overlay 
and secured with fibrin glue and micofibrillar collagen before placement of gelatin 
sponge and packing. No postoperative CSF leaks were identified among the eight 
patients with CSF leak following skull base surgery, sinus surgery, or trauma. Two 
of the hypophysectomy patients developed postoperative CSF leak. Overall CSF 
leak rate was 6.3%, with leak rate among hypophysectomy patients of 8.3% [34].

Germani et  al. reported a retrospective series of 55 patients who underwent 
endonasal endoscopic pituitary surgery. A subset of 30 of these patients had repair 
utilizing acellular dermis (Alloderm), either alone (n = 12) or in combination with 
free mucosal graft, bone, or cartilage. For defects less than 2 cm, overlay technique 
was used, while larger defects utilized a single layer tucked intracranially with the 
edges placed against the bony defect. The remainder of patients had repairs utiliz-
ing primarily free mucosal grafts or bone and free mucosal grafts. Failure rate for 
the acellular dermis group was 3%, with a failure rate for the other group was 
8% [33].

A larger study by the same senior author extended these results with a series of 
429 patients with sellar floor repair after pituitary adenoma resection (endonasal 
endoscopic 43.3%; sublabial microsurgical 41.4%). This retrospective cohort study 
utilized a historic comparison group repaired with fat autograft. The intraoperative 
leak rate was 35.5%. Of patients with intraoperative CSF leaks, 95 (59%) had repair 
with acellular dermis (Alloderm), while the remainder were repaired with fat auto-
graft. In cases with CSF leak, acellular dermis was used both as inlay and onlay 
grafts. Overall CSF leak was 3.9%. In the acellular dermis group, there were eight 
CSF leaks (8.4%). The fat autograft group had seven CSF leaks (15.2%) [6].

In a comparison of reconstructive materials, Prickett et al. report a series of 40 
CSF leak repairs in 37 patients. Repair materials which varied between repairs 
included mucosal grafts (n = 17), acellular dermis (n = 10), and collagen matrix 
grafts (Duraform or Duragen; n = 13). Repair technique involved either a single 
layer of graft material under investigation supported by bone graft or multiple layers 
of the study graft material, at surgeon’s discretion. Other materials for multilayer 
repair included fibrin glue and absorbable packing material, which were used for all 
repairs. The authors reported no differences in CSF fistula closure rate between the 
materials used. Other primary endpoints evaluated included weeks of graft crusting 
and time to mucosalization of graft. There was a significantly longer period of crust-
ing and time to remucosalization in the acellular dermis group compared to collagen 
matrix grafts or mucosal grafts. There was no reported crusting at repair site by first 
postoperative visit for the mucosal graft group; however, donor site crusting (which 
due to lack of donor site was not present in the other groups) persisted for an aver-
age of 6.5 weeks [11].
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As discussed earlier in the section on fibrin-based sealants, Cappabianca et al. 
have described the use of a polyester-silicone dural substitute used with Tissucol 
fibrin sealant with or without collagen fleece for closure of sellar defects with intra-
operative CSF leak following endoscopic endonasal transsphenoidal surgery [26, 
88]. The polyester-silicone dural substitute was used for all intraoperative CSF 
leaks. They found that polyester-silicone dural substitute and fibrin sealant with 
addition of collagen fleece (n = 13) resulted in a lower CSF leak rate (0% leak rate) 
compared to polyester-silicone and fibrin sealant (n = 16) alone (12.5% leak rate). 
The authors note that CSF diversion via lumbar drain was used when repair was not 
considered watertight, with extended approach to planum sphenoidale or clivus, or 
if “copious” CSF leak was noted intraoperatively. No patients in the collagen 
fleece + fibrin sealant group required lumbar drain [26].

Homologues and xenografts have enjoyed increasing use over time. A major rea-
son cited for this is the avoidance of donor site morbidity [32]. Additional advan-
tages are that no operative time is needed for graft harvest and preparation and that 
graft size is not limited by available tissue or previous surgical treatment. A further 
potential advantage is the multifunctional nature of several of the non-autologous 
materials. Human acellular dermis (Alloderm) has variously been used as an inlay 
graft [34, 89], to obliterate dead space in a manner analogous to fat for reconstruc-
tion of sellar defects [6], as an overlay graft [14, 90], or as a single layer graft for 
reconstruction of large anterior skull base defects [33]. Collagen matrix is most 
commonly utilized as a dural replacement or as an inlay graft but has been also used 
to obliterate dead space [53]. As noted previously, success rates are similar for 
allografts and xenografts [2, 32], and these non-autologous materials provide the 
ability to replace multiple types of tissue in skull base repair, which can be particu-
larly advantageous when autologous graft tissue is limited or absent.

 Gelfoam, Surgiflo, Floseal

Visualization is paramount for endoscopic sinus and skull base surgery, making 
hemostasis a critical component of successful surgery and leading to trials of topical 
hemostatic agents, and flowable packing materials have been used for hemostasis in 
skull base surgery. Gelatin/thrombin hemostatic agents such as Surgiflo (Johnson & 
Johnson, Somerville, NJ, USA) have been reported to be successful in controlling 
bleeding in endoscopic sinus surgery [91]. While the use of thrombin-gelatin matrix 
in endoscopic sinus surgery has been controversial due to conflicting reports of the 
effect on synechiae formation [92, 93], various formulations of thrombin-gelatin 
matrix have been used as a hemostatic agent during extended endoscopic surgery. 
One series of 65 consecutive patients included 29 patients who had the use of 
thrombin-gelatin matrix for hemostasis. The authors found that thrombin-gelatin 
matrix (Floseal, Baxter Healthcare Corp, Deerfield, IL, USA) was useful for con-
trolling mucosal oozing and focal bleeding [94]. Another series of 39 patients 
underwent endonasal endoscopic approach to sellar and parasellar lesions, with the 

9 Allografts and Materials in Skull Base Reconstruction



136

need for lateral exposure. Human-derived thrombin and bovine-derived gelatin 
matrix (Floseal) was applied directly to sites of venous bleeding in the cavernous 
sinus to achieve hemostasis. The authors report average blood loss of 110 mL for 
pituitary adenoma cases (n = 33) and 370 mL for expanded skull base cases (n = 6), 
although there was no control group to allow for comparison of blood loss [95]. 
Porcine gelatin matrix/human thrombin mix has also been used for hemostasis in 
superior intercavernous sinus and cavernous sinus venous bleeding [96].

Gelatin sponge has frequently been used for filling the sella following endonasal 
endoscopic sellar surgery when no CSF leak is detected [3, 24, 82], but has also 
been used in combination with fibrin sealant for repair of sellar defects and CSF 
leak. In one report of 120 cases of endoscopic endonasal pituitary surgery, there 
were 28 intraoperative CSF leaks. Gelatin sponge was placed as an underlay and 
secured with fibrin sealant. An additional layer of gelatin sponge, followed by addi-
tional fibrin glue and a third layer of gelatin sponge were used as overlay to com-
plete the repair. The authors reported a 3.6% failure rate for the described repair [97].

Gelatin sponge has also been used in combination with fibrin sealant-coated col-
lagen fleece and autologous bone graft for sellar reconstruction, with or without 
CSF leak. Of the 50 cases reviewed in one series which utilized this repair, ten had 
intraoperative CSF leaks. No patients had postoperative CSF leak [98].

Some formulations of gelatin agents have enough structural stability to use for 
support of grafts in place of more traditional nonabsorbable packing. While foley 
catheters have been used for supporting nasoseptal flaps and other pedicled grafts, 
purified porcine gelatin (Gelfoam) has been reported to be a potential alternative. In 
1 series of 73 patients undergoing endoscopic endonasal transsphenoidal surgery, 
there were 36 intraoperative CSF leaks, including 30 high-flow CSF leaks. Rolled 
purified porcine gelatin was packed into the sphenoid cavity to hold the nasoseptal 
flap against the cranial base. There was one postoperative CSF leak in the series 
(1.4%), which is in line with rates reported in the literature for studies utilizing foley 
catheters [58, 99, 100]. The authors note that the gelatin material swells with mois-
ture, which would accentuate the effect of packing. The absorbable nature of gelatin 
packing can also be advantageous to provide a dissolvable layer between the skull 
base repair and non-dissolvable packing placed as a bolster, to decrease the poten-
tial for dislodgement of the graft with removal of non-dissolvable packing.

 Resorbable Plates

Several studies have reported on the use of absorbable plates for reconstruction of 
skull base defects. After being reported in the repair of craniosynostosis [101], poly 
(d,l) lactic acid (PDLLA) was trialed as an option for repair of sellar defects [21]. 
PDLLA is an absorbable polymer that retains strength for approximately 10 weeks 
and absorbs over approximately 72 weeks [101]. Potter et al. described a series of 
28 patients in 2005 who underwent repair of sellar defects (n = 20), anterior skull 
base defects secondary to meningocele repair (n = 7), or frontal sinus defects (n = 1). 
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The authors report that for the majority of cases (n = 25), a layer of dural substitute 
was placed as an epidural inlay graft, after which the PDLLA plate was placed as a 
second extradural inlay graft. Additional overlay grafts were used, including cellu-
lose sponge (n = 21), free mucosal or fat graft (n = 6), and nasoseptal flap (n = 1). 
The eight patients with intraoperative CSF leak had lumbar drains. The reported 
CSF leak rate was 3.7% (n = 1) with the one reported leak occurring in a patient who 
had revision open craniotomy 2 days post-op to remove residual tumor [21]. Seaman 
et al. [22] reported a retrospective series of 24 patients who also had repair using 
PDLLA plate for repair of extrasellar skull base defects. Two patients had nasosep-
tal flap as additional repair, and two patients had free mucosal grafts. The authors 
reported no CSF leaks with mean follow-up of 30 months.

Polydioxanone (PDS) is a second absorbable material that has been used to pro-
vide semi-rigid support for repair of sellar defects [18, 19] and anterior skull base 
defects [17, 20]. Mohd Slim et al. described the use of 0.15 mm thickness perforated 
PDS plate as an extradural underlay for reconstruction of the sella following trans-
sphenoidal pituitary surgery. Following placement of the PDS plate, a nasoseptal 
flap was used as an overlay, with reinforcement with fibrin glue and non-absorbable 
packing. Among the 13 patients they report, eight had intraoperative CSF leaks and 
four had postoperative lumbar drains. No postoperative CSF leaks were reported 
through 3 months of follow-up [18]. Zeden et al. also reported the use of PDS plate 
for repair of sellar floor following endonasal endoscopic transsphenoidal surgery. In 
their series of 30 patients, they utilized PDS plate placed into the epidural space 
behind the edges of the bony defect. Gelatin foam, collagen matrix, oxidized cel-
lulose, or an abdominal fat graft were used to fill the sella prior to placement of the 
PDS, which material choice dictated by presence and rate of CSF leak or herniation 
of the diaphragm into the sella. Ten of the patients (33%) had intraoperative CSF 
leak. Twenty-five of the patients had pituitary macroadenoma, with the remaining 
five patients having Rathke cysts. The postoperative CSF leak rate in this series was 
3.3% (n  = 1), which was associated with graft displacement in one patient with 
Rathke cyst.

Al-Asousi et al. report a series of seven patients who had repair of either poste-
rior table frontal sinus CSF leaks or ethmoid roof CSF leaks from a variety of etiolo-
gies. Mean defect size was 16.4 × 11.4 mm. All repairs utilized a non-perforated 
PDS sheet as an inlay graft. Additional multilayer repair with onlay graft utilizing 
either porcine small intestine submucosal graft or free mucosal autograft were also 
used. The authors reported no postoperative CSF leaks [17]. Jolly et  al. report a 
small series of three patients with large skull base defects (average size not reported) 
following resection of skull base lesions in which they utilized 0.5 mm thickness 
PDS plate deployed using what the authors describe as a “PDS wrap” technique. 
The rationale for this method was that herniation of the brain through large defects 
can make placement of intradural underlay grafts challenging. The authors initially 
placed an intradural underlay dural graft (Duragen) noting that the amount of graft 
able to be placed between the brain and native dura was limited by brain herniation 
through the large defects. Subsequent to this, the PDS plate was wrapped in a sec-
ond dural graft and the edges sutured together. The PDS plate was then used to 
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elevate the brain while placing the PDS extradurally beneath the bony ledge of the 
defect. The sutures were then cut, allowing the dural graft “wrap” to unfold while 
being held in place by the PDS plate. This second dural graft was positioned as an 
extradural underlay. A nasoseptal flap, layers of tissue glue, and nonabsorbable 
packing were used to complete the repair. The authors advocated this technique for 
repair of large defects, as they felt the PDS plate facilitated placement of the second 
dural underlay by anchoring the graft during placement, retracting the brain paren-
chyma, as well as providing a rigid support to limit brain herniation through the 
defect [20].

Polyglactin acid has been used both for repair of sellar defects [77] and parasel-
lar defects [102]. A series of 18 consecutive patients with use of fibrin glue and 
polyglactin acid sheet for repair of CSF leak following endoscopic endonasal pitu-
itary surgery are reported by Yano et al. The authors compare their results to their 
previous 38 patients treated either with fibrin glue alone or with pedicled mucosal 
grafts and fibrin glue. In the six patients treated with fibrin glue alone, the postop-
erative CSF fistula rate was 33.3% (2 leaks), while for the 32 patients with mucosal 
graft and fibrin glue, the postoperative CSF fistula rate was 15.6%. Among the 18 
patients with polyglactin acid sheet and fibrin glue, there were no reported postop-
erative CSF leaks with 7-month follow-up [77]. The same authors describe their 
series of 74 endoscopic endonasal approaches consisting of 55 anterior extended 
approaches, 10 clival approaches, and 9 cavernous approaches. Multilayer repair of 
defects was performed using fat graft with polyglactin sheet underlay, covered by 
septal bone set within the edges of the bony defect. A mucosal flap was then placed 
and secured with fibrin glue and Foley balloon. Postoperative CSF leak rate was 
reported to be seven patients (9.5%) with median follow-up of at least 12.6 months. 
The authors attribute four of the postoperative CSF leaks to absence or inadequacy 
of nasoseptal flap [102].

Absorbable plates have been proposed as an option for providing rigid recon-
struction of the skull base. While the necessity of rigid reconstruction has been 
debated, there may be advantages to the use of a synthetic material compared to 
autologous or homologous bone grafts, which have been the traditional option for 
rigid reconstruction. While autologous bone grafts are less expensive and may 
potentially be harvested from the nasal cavity, synthetic options such as PDLLA or 
PDS are available in a range of sizes and thicknesses. Synthetic rigid reconstruction 
options also may address the concerns about the potential for osteoradionecrosis in 
patients who will undergo postoperative radiation therapy [55], prolonged healing 
time, potential for formation of bony sequestra [46], and potentially increased risk 
of infection with the use of bone grafts [54]. PDS sheet has been used in nasal septal 
reconstruction [103], and in  vivo animal models have suggested that PDS foil 
remains stable for at least 10 weeks and is absorbed by 25 weeks [104]. This sug-
gests that PDS may be useful in providing rigid support in the initial postoperative 
period without the risk of osteoradionecrosis or bony sequestra formation. However, 
the nature of the data (retrospective case series) limits ability to answer this question.
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 Packing

Migration of the graft can lead to failure of skull base repair with CSF leak, regard-
less of repair type. Various strategies have been used to maintain graft position dur-
ing the perioperative period. In addition to sealants and biologic glues as discussed 
above, nasal packing has been frequently employed, both for pedicled flaps [99, 
100] and for free grafts [60]. Both absorbable and non-absorbable packing has been 
used. Absorbable packing types have included Nasopore [Stryker, Kalamazoo, MI 
USA] [55, 85, 86], Gelfoam [14, 33], and Merogel sponges [Minneapolis, MN, 
USA] [31]. These tend to be used to directly support the graft prior to placement of 
non-absorbable packing. Non-absorbable packing has included bismuth iodine 
paraffin- embedded gauze [85], foley catheter balloons [85, 90], and Merocel 
[Minneapolis, MN, USA] [14, 16, 33, 55, 86]. One early meta-analysis reported that 
61% of groups routinely used nasal packing [105], but some large series of repair of 
smaller defects such as after pituitary surgery have avoided the use of nasal packing 
except in cases of epistaxis [106]. Evidence regarding the indications for use of 
nasal packing and outcomes is limited. A meta-analysis by Hegazy et al. evaluated 
14 studies representing 204 surgeries. Of these cases, 61% utilized nasal packing, 
and no significant effect was found depending on packing type or use [105]. A later 
evidence-based review did not find sufficient data to make a recommendation 
regarding the use of nasal packing. The authors mention the lack of evidence for 
benefit and the possibility of toxic shock syndrome, patient discomfort, and the 
potential for graft dislodgement during packing removal as potential harms [32]. A 
later evidence-based review also identified limited evidence for the use of nasal 
packing in endoscopic skull base surgery but suggested nasal packing may be used 
as an adjunct based on surgeon preference [31]. There is data, however, from a 
series of 100 endoscopic transsphenoidal surgeries for pituitary lesions that use of 
nasal packing negatively affects patient-reported sinonasal quality of life at 3 months 
postoperatively [107]. While there is not much data supporting their use, the rational 
for nasal packing in reconstruction is to prevent graft migration while protecting the 
graft from airflow. Absorbable packing also provides a barrier between the graft and 
any non-absorbable packing that will be removed postoperatively to prevent traction 
on the repair with inadvertent dislodgement. Additionally, absorbable packing may 
help to distribute pressure more evenly over the skull base and graft [90].

 Biodesign and Other Impermeable Grafts

Data from a canine model [108] and a subsequent clinical trials following Chiari 
decompression or tumor resection [109] suggested that porcine small intestinal sub-
mucosa (SIS) graft could be a suitable dural replacement graft (Fig. 9.3). Porcine 
small intestinal submucosa (SIS) graft has FDA approval for use as a dural 
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Fig. 9.3 SIS onlay graft: 62-year-old female with encephalocele and CSF leak following ground- 
level fall, repaired via EEA. (a–c) CT scan in axial, coronal, and sagittal planes with red arrow at 
location of encephalocele in left sphenoid sinus lateral recess, lateral to the foramen rotundum. 
Focal cortical thinning and fluid filling; the left sphenoid sinus is suggestive of CSF leak. (d–f) T1 
post contrast MRI with arrows demonstrating location of left sphenoid sinus lateral recess enceph-
alocele. (g) Exposure of 5 mm encephalocele (*) after transpterygoid approach. (h) Skull base 
reconstruction with porcine SIS graft (ISG) following reduction of encephalocele. (i) 6-month 
postoperative appearance with asterisk marking site of repair

substitute [16], but it is also frequently used as an onlay graft (see Figs. 9.1 and 9.2), 
similar to fascia lata.

An ovine transfrontal durotomy model utilized SIS and vascularized mucosal 
flaps during validation of their model of skull base reconstruction. Bilateral trans-
frontal craniotomies and durotomies were performed in six sheep, with bilateral 
vascularized mucosal flaps for repair. SIS was used as subdural inlay graft on the 
left side. Although no differences in postoperative CSF leak rates were reported 
between the vascularized mucosal flap side and the side with SIS inlay in this open 
model of skull base repair (as there were no CSF leaks for either repair type), histo-
logic analysis showed grossly thicker repair on the SIS side without increased 
inflammatory response or alterations in graft healing or integration [110].

Illing et al. reported the use of porcine small intestinal submucosal (SIS) graft in 
series of 155 patients undergoing 170 surgeries for repair of skull base defects fol-
lowing surgery for neoplasm, traumatic, congenital, or spontaneous causes. The 
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repair technique utilized SIS grafts for placement as inlay graft (when defect size 
allowed) and an onlay graft, with 79% of patients also receiving an additional nasal 
septal flap onlay. The authors report a 94.7% first-repair success rate for repair of 
defects in various locations, with central sphenoid, posterior table of frontal sinus, 
cribriform plate, and ethmoid roof being the most common locations [16]. This suc-
cess rate is similar to previously published rates with nasoseptal flap utilizing 
adjunctive autologous (fascia) onlay [99].

SIS graft has also been reported to have stable mechanical properties with 
repeated stress [111], suggesting it would be appropriate for situations such as skull 
base repair where recurrent stress (such as Valsalva maneuvers) would increase 
pressure [16].

 Conclusions

This chapter has reviewed the commonly used allografts and materials in skull base 
repair. The majority of the available data is retrospective, and generalizations 
regarding material use are difficult as most materials are used in combination for 
multilayer repairs, making it difficult to make definitive statements about the prop-
erties and effectiveness of a single material. However, some broad conclusions are 
supported by the literature. As there were no significant differences in CSF leak rate 
between autologous and non-autologous materials [2], either may be used depend-
ing upon the specific clinical situation. The balance between cost of non-autologous 
materials versus potential for donor site morbidity and time for harvest of autolo-
gous materials are factors which may be decisive in specific clinical scenarios. 
Additionally, the availability, quality, or quantity of autologous tissue may be lim-
ited depending upon extent of disease in cases of malignancy, prior radiation, or 
previous sinonasal surgery. In these situations, the potential to substitute homo-
logues or xenografts for one or more different layers of reconstruction can be useful 
(Table 9.2), particularly with the potential of some non-autologous materials to sub-
stitute for multiple types of tissue/layers in a multilayer reconstruction. Low-flow 
CSF leaks identified intraoperatively may be repaired with similar outcomes by use 
of vascularized flaps or multilayer repair with autologous free grafts or non- 
autologous materials [59]. Finally, independent of the graft material chosen for 
repair, the experience of the surgeon and surgical technique are critical factors in the 
success of the repair [2].

Table 9.2 Comparison of autologous and non-autologous graft materials

Autologous graft Comparable non-autologous material

Bone/cartilage Absorbable plate
Fascia lata Acellular dermis
Free mucosa SIS
Fat Acellular dermis, collagen matrix, gelatin
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Case Examples
Case 1: Collagen matrix inlay graft and SIS onlay graft

A 49-year-old male presented with fractures of the left posterior frontal sinus and 
ethmoid skull base after ground-level fall while intoxicated. Defect was measured 
to be 1.8 mm × 11.4 mm with a fragment of bone protruding into the frontal lobe 
near the olfactory groove (see Fig. 9.1). Endoscopic endonasal approach was used 
for repair with placement of engineered collagen matrix inlay and porcine SIS onlay 
graft. Patient had no recurrence of CSF leak.

Case 2: Acellular dermal matrix inlay graft with SIS inlay graft
A 24-year-old male who presented with highly comminuted fractures involving 

the entirety of the anterior skull base after gunshot wound to the head. His defect 
was measured to 3.5 cm × 5.4 cm with an additional large defect in the left temporal 
skull (see Fig. 9.2). Open craniotomy was performed for placement of pericranial 
flap, aided by endoscopic endonasal approach for placement of acellular dermal 
matrix inlay and porcine SIS onlay grafts. He had no recurrence of CSF leak.

Case 3: SIS onlay graft
A 62-year-old female who presented with CSF leak after ground-level fall. 

Although there was minimal displacement of skull base fracture, she was found to 
have an approximately 5 mm left lateral sphenoid encephalocele (Fig. 9.3). After 
reduction of the encephalocele, the defect was repaired via EEA with SIS onlay 
graft. She had no recurrence of CSF leak.
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Chapter 10
Traumatic and Iatrogenic CSF Leaks

Frederick Yoo

 Introduction

Trauma is the most common cause of anterior skull base cerebrospinal fluid (CSF) 
leaks, making up 80–90% of these cases [1]. Traumatic CSF leaks can be further 
categorized base upon etiology of the injury. Non-iatrogenic injuries result from 
blunt force or penetrating craniofacial trauma involving the anterior skull base, with 
the vast majority of these cases being due to blunt trauma [2]. Iatrogenic injuries 
typically occur as a result of surgical procedures, namely, sinonasal, orbital, and 
neurosurgical procedures, and can be intentional or unintentional. Categorization of 
these injuries is helpful as evaluation and management of these patients can differ 
based on etiology (Fig. 10.1).

As the injuries sustained from the trauma causing the anterior skull base CSF 
leak may involve intracranial contents, as well as injury to other bodily systems, a 
multidisciplinary approach including otolaryngology, neurosurgery, and trauma 
specialists in evaluating and managing these patients is paramount. Identification 
and treatment of anterior skull base CSF leaks is important due to the risk of ascend-
ing meningitis which can be between 7 and 37%, with likely increasing rates with 
longer duration of active CSF leak [3]. In addition, a retrospective study of a trau-
matic brain injury registry in Taiwan revealed that patients with CSF leak associated 
with traumatic brain injury had significantly increased risk of mortality within a 
1-year follow-up period, with subgroup analysis showing the highest mortality rate 
among those with CSF rhinorrhea at 10.9% [4].

It is evident that traumatic anterior skull base leaks are a significant and complex 
problem, with much nuance in the diagnostic and therapeutic considerations based 
upon mechanism of injury and characteristics of resultant defect. In this chapter, the 
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Fig. 10.1 Categorization of traumatic CSF leaks

pathophysiology, epidemiology, and diagnostic and therapeutic options for both 
non-iatrogenic (blunt and penetrating) and iatrogenic (unintentional) traumatic CSF 
leaks will be reviewed.

 Non-iatrogenic Traumatic CSF Leaks

 Pathophysiology, Epidemiology, and Diagnosis

As noted previously, non-iatrogenic traumatic CSF leaks can be divided into two 
groups based on mechanism of injury: blunt trauma and penetrating trauma. In the 
case of blunt trauma, CSF leaks may occur in approximately 2% of all closed head 
trauma and up to 30% of basilar skull fractures [5]. The thick frontal bone, air-filled 
sinuses, and partitions within the ethmoid skull base act as shock absorbers, requir-
ing a significant amount of force required to cause a fracture in the skull base, thus 
contributing to the rarity of isolated skull base fractures without injury to the sur-
rounding soft tissues and other bodily areas [6]. In one retrospective review of over 
5000 head injury patients, skull base fracture was associated with moderate to 
severe head injuries 73.19% of the time [7]. The timing of presentation of CSF leaks 
can vary, with more than 50% presenting within 48 hours of injury, 70% within 
1 week, and nearly all within 3 months [2]. There have been case reports of signifi-
cantly delayed CSF leaks of up to 12 years following the traumatic event [8, 9]. 
Delays in leak presentation have been attributed to reduction in acute brain and soft 
tissue edema, devascularization of surrounding tissues, formulation of fistula tract, 
resorption of blood products/clots, and increases in intracranial pressure [1, 2]. 
Previous studies examining the location of anterior skull base leaks following 
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non- iatrogenic trauma have found the most common sites to be the frontal sinus 
(30.8%), sphenoid sinus (11.4–30.8%), ethmoid roof (15.4–19.1%), cribriform 
plate (7.7%), frontoethmoid region (7.7%), and sphenoethmoid region (7.7%) [10, 
11]. The presence of multiple skull base defects can occur commonly and was found 
to be present in 60% of accidental traumatic CSF leak cases in one series [9] 
(Figs. 10.2 and 10.3).

a b

Fig. 10.2 Computed tomography (CT) imaging of a displaced planum sphenoidale fracture. CSF 
leak was noted 1 week after trauma and was repaired endoscopically. (a) Coronal plane CT image, 
(b) sagittal plane CT image (Image credit: Property of Edward Kuan, MD, used with permission)

a b

Fig. 10.3 Computed tomography (CT) imaging of orbital roof and ethmoid skull base displaced 
fracture with resultant CSF leak. Patient was managed with conservative management with resolu-
tion of CSF leak. (a) Coronal plane CT image, (b) sagittal plane CT image (Image credit: Property 
of Edward Kuan, MD, used with permission)
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Penetrating trauma as the cause of anterior skull base injury and CSF leak is 
much rarer than blunt trauma. In one series of patients who had suffered traumatic 
skull base fractures over a 3-year period, only 3 out of 107 were due to penetrating 
injuries [12]. Due to the rarity of these injuries, no large case series or retrospective 
reviews of anterior skull base CSF leaks caused by penetrating trauma were identi-
fied in literature. Non-missile penetrating injuries of the anterior skull base via 
transnasal or transorbital injuries have been reported in numerous case reports [13–
17]. In a literature review of 35 cases of transorbital and transnasal penetrating 
injuries, 47% of the cases were transnasal with 53% transorbital, and 66% of these 
cases were associated with CSF leak [15]. For missile injuries due to bullets or 
shrapnel, several case series presenting cases of anterior skull base injuries were 
identified [18–21]. One series reported 23 cases treated from military conflicts and 
peacekeeping operations, with the majority of 16 of them orbitocranial and three 
transethmoidal. CSF leak was noted in seven of these cases [18]. Another series of 
116 penetrating craniocerebral injuries sustained in a wartime environment noted 
13% of cases involving the anterior skull base, with a high mortality rate with only 
49 survivors out of all cases [20]. Two other series presented cases of self-inflicted 
gunshot wounds involving the anterior skull base with resultant CSF leaks, 1 with 2 
cases and the other with 11 cases reported [19, 21]. The paucity of literature for 
these types of injuries is likely secondary to the rarity of these cases and also the 
poor outcomes associated with these types of injuries. One common theme in the 
reports of penetrating traumatic CSF leaks is the risk of infection, with high rates of 
meningitis reported and reports of brain abscess formation in multiple patients [15, 
18] (Fig. 10.4).

Fig. 10.4 Coronal CT 
image of self-inflicted 
gunshot wound to the 
anterior skull base with 
resultant delayed CSF leak 
repaired 2 months after 
injury (Image credit: 
Property of Edward Kuan, 
MD, used with permission)
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Diagnostic workup of blunt and penetrating traumatic CSF leaks typically would 
start with imaging. As part of work up of traumatic brain injuries, computed tomog-
raphy (CT) imaging of the head and skull base is typically employed as the American 
College of Surgeons recommends brain imaging in any patient with altered or 
depressed mental status, loss of consciousness, or significant post- traumatic amne-
sia [22]. With initial brain imaging, basilar skull base defects and fractures should 
be identified and can be further characterized with high-resolution CT scan of the 
anterior skull base (e.g., dedicated maxillofacial, sinus, orbit, or temporal bone 
cuts). Tri-planar, high-resolution CT scan with thin cuts (<1 mm), is rapid, requires 
no contrast, is inexpensive, has a high sensitivity (87%) for localizing CSF leak 
sites, and allows for evaluation of the skull base for any defects or other clues to a 
potential extracranial communication such as the presence of pneumocephalus [23]. 
As CSF leaks may not be clinically apparent at the time of presentation, vigilance 
with close monitoring for the development of clear, watery drainage from the nose 
or injury site is required. Collection of this fluid can then allow for beta-2 transferrin 
testing confirming presence of CSF. Beta-2 transferrin testing is highly sensitive 
(99%) and specific (97%) and is the gold standard for diagnosis of CSF leak [24]. 
Additional imaging modalities including CT cisternography, magnetic resonance 
imaging (MRI) with or without cisternography, and CT angiogram may be employed 
in certain situations to improve localization of the CSF fistula or to identify poten-
tial injuries to vascular structures in the skull base, especially with sphenoid sinus 
fractures.

 Management of Non-iatrogenic Traumatic CSF Leaks

There are two pathways for management of non-iatrogenic traumatic CSF leaks, 
conservative/non-surgical and surgical. Anterior skull base CSF leaks associated 
with blunt or penetrating trauma are often associated with other significant injuries, 
including severe intracranial injuries. Thus, consultation with neurosurgical and 
trauma surgery colleagues and consideration of patient stability and overall progno-
sis should be taken prior to pursuing any surgical procedure. Should a neurosurgical 
intervention be required for addressing intracranial pathology, it is recommended 
that open repair of the skull base defect be performed simultaneously if possible 
[5, 25].

In other cases not requiring intracranial surgery, it is generally accepted in 
the literature that most non-iatrogenic traumatic CSF leaks are likely to spon-
taneously resolve without surgical management; thus, a more conservative ini-
tial approach utilizing bed rest, head of bed elevation, and reduction of spikes 
in intracranial pressure using anti-emetics and stool softeners is typically rec-
ommended. In addition, though CSF diversion with either lumbar drain or 
external ventriculostomy placement is invasive, it is typically grouped into the 
conservative/nonoperative management paradigm and may be an effective 
option [3]. A randomized-controlled trial by Albu et al. in patients with CSF 
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rhinorrhea following close head trauma found that CSF diversion via lumbar 
drain reduced the CSF leak closure time to 4.83  ±  1.88  days compared to 
7.03  ±  2.02  days in the conservative management (bed rest and head of bed 
elevation) group [26]. The duration of conservative management trial is some-
what controversial, with some advocating immediate surgical repair due to the 
risk of meningitis [27, 28]. As the risk of meningitis is generally considered to 
increase with duration of CSF leak, conservative management should not 
exceed a 7–10-day trial, with leaks that do not resolve within this time period 
proceeding to surgical management [5]. The use of prophylactic antibiotics 
after non-iatrogenic traumatic basilar skull fractures and CSF leaks is an option, 
but it must be noted that a recent review of studies on this topic found that the 
majority of studies did not find reduction in incidence of meningitis and recom-
mended against the use of prophylactic antibiotics in basilar skull fracture and 
CSF leaks [3].

In the surgical management of non-iatrogenic anterior skull base CSF leaks, it 
should be noted that surgeon experience/expertise and hospital resources vary 
widely and should be a consideration when deciding to pursue surgical options and 
selecting an approach for repair. Though traditionally open transcranial approaches 
were the standard of care for addressing anterior skull base leaks, endoscopic 
approaches have been shown to be a safe and effective option in management of 
traumatic CSF leaks over the last two decades. Two systematic reviews, published 
in 2012 and 2016, have found the success rate of transnasal endoscopic approach to 
repair CSF rhinorrhea to be 90.1–90.6% effective, with low complication rates, and 
concluded that endoscopic repair should be considered the standard of care for most 
cases [29, 30]. Advances in endoscopic techniques for closure of CSF leaks with 
multilayer reconstruction utilizing a combination of homologous grafts (fat or fas-
cia), allografts, xenografts, free mucosal grafts, and intranasal vascularized mucosal 
flaps have undoubtedly aided in the paradigm shift to endoscopic repair [31]. In 
cases of frontal sinus skull base defects, multiple studies have shown an endoscopic 
approach to be effective with high success rates (97.3–100%) [25, 32–34]. However, 
there are limitations in defects with extension far superiorly and laterally in the 
frontal sinus [34].

Open cranial approaches via craniotomy still play an important role in certain 
situations such as significant intracranial pathology necessitating neurosurgical 
intervention, comminuted or significantly displaced skull base fractures, large 
skull base defects, high-flow CSF leaks, open cranial trauma, superior and lateral 
frontal sinus defects, and previous failed endoscopic repair [5]. The advantages of 
open repair include wide visualization of the dural tear, option to treat any sur-
rounding tissue injury, and use of a pericranial flap for coverage of the anterior 
skull base [1]. Large posterior table frontal sinus fractures can also be managed via 
osteoplastic flap or with cranialization through an open approach. Disadvantages 
include potential complications from frontal lobe retraction including anosmia, 
intracranial hemorrhage, edema, epilepsy, and long-term memory issues [35] 
(Fig. 10.5).
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a b

Fig. 10.5 (a) Osteoplastic flap approach for exposure of posterior table, (b) osteoplastic flap with 
pericranial flap harvested

 Iatrogenic CSF Leaks

 Pathophysiology, Epidemiology, and Diagnosis

Overall, unintentional iatrogenic CSF leaks are uncommon, and these complica-
tions make up only a small fraction of neurological, sinonasal, and orbital proce-
dures. In terms of CSF leak as a complication of sinonasal surgery, a nationwide 
database retrospective review published in 2012 found the rate of CSF leak to be 
0.17% following endoscopic sinus surgery [36]. Though rare, CSF leak can also be 
a complication of a “routine” surgery such as septoplasty, as several cases have been 
reported previously [37]. Additionally, reports of CSF leaks following balloon sinu-
plasty procedures have been reported [38, 39]. One study reviewing the Innovative 
OpenFDA Database for balloon sinuplasty complications noted that frontal sinus 
balloon procedures were most associated with CSF leaks [40]. More recently, with 
the increased utilization of nasal/nasopharyngeal swabs during the COVID-19 pan-
demic, there have been reports of CSF leaks as a complication of these procedures 
[41, 42]. For Graves’ disease patients undergoing orbital decompression procedure, 
the rate of CSF leak was found to be 0.67% on the medial wall and 2.55% on the 
lateral wall [43]. In one retrospective study of 193 cases of CSF rhinorrhea, 50 of 
these cases were as a result of endoscopic sinus surgery, with the most common site 
of skull base defect in the ethmoid roof (62%), followed by cribriform (18%), fron-
tal sinus (8%), and sphenoid sinus (4%) [10]. In this same series, only three CSF 
leaks were the result of neurosurgical procedures, with two of the defects located in 
the sphenoid sinus and one in the frontal sinus [10] (Fig. 10.6).

Ideally, identification of the CSF leak would occur at the time of injury, espe-
cially in the case of operative procedures; however, this is not always the case. 
Whether it is due to an excessively bloody surgical field obscuring view or lack of 
acute recognition by the operating surgeon, iatrogenic CSF leaks can often go 
unrecognized at the time of injury. Patients will typically report increased clear, 
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a b

c d

Fig. 10.6 Imaging with computed tomography (a) and magnetic resonance imaging (b) of a case 
of large bilateral ethmoid defects resulting in encephalocele formation and CSF leak. (c) 
Endoscopic photograph of right ethmoid encephalocele, (d) endoscopic photograph after place-
ment of bilateral nasoseptal flaps for reconstruction (Image credit: Property of MUSC rhinology, 
used with permission)

watery nasal drainage, with possible salty or metallic tasting postnasal drainage in 
the early postoperative period. Surgeons must be vigilant to recognize these symp-
toms as potential signs of a CSF leak. Initial testing would involve collection of 
rhinorrhea fluid for beta-2 transferrin testing which is highly sensitive and specific 
and the gold standard for diagnosis of a CSF leak. Imaging with high-resolution CT 
scan of the sinuses and skull base will aid in localization of the skull base defect. 
Additional imaging may be employed to aid in localization as noted before, includ-
ing CT cisternogram or MRI with or without cisternography. Though nuclear medi-
cine cisternogram can localize the side of leak and has some utility in low and 
intermittent leaks, due to imprecise localization and high false-positive rate, it is 
generally not relied upon as a very useful imaging modality [35]. Additionally, 
intrathecal fluorescein can be utilized intraoperatively to aid in localization of the 
CSF leak site. However, it is used off label and has well-described neurological 
complications including seizures, headaches, and cranial nerve deficits, and full 
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informed consent should be obtained prior to use [44]. Again, rapid diagnosis and 
treatment of the CSF fistula is important to minimize risk of meningitis which could 
have severe consequences.

 Management of Iatrogenic CSF Leaks

Unlike in non-iatrogenic traumatic CSF leaks, iatrogenic CSF leaks are not likely to 
resolve with conservative management, and surgical repair is considered the first- 
line therapy [3]. As previously noted, in an ideal situation, the CSF leak would be 
identified at the time of injury and repaired at that time as well. However, surgeon 
experience/expertise and hospital resources vary widely; thus even with timely 
identification, immediate repair may not be possible. If a surgeon without adequate 
experience or expertise in addressing this complication encounters one, one option 
is to consult a colleague with expertise in this area intraoperatively. Another option 
would be to temporize the situation with nasal packing and arrange for transfer for 
a higher level of care. Other considerations to take into account in the decision to 
transfer the patient would be setting of the surgery (if at an outpatient surgery cen-
ter), and hospital resources (accessibility to neurosurgical and intensive care 
resources which may be needed) as the patient should be monitored 
postoperatively.

Surgical repair of iatrogenic CSF leaks has been shown to be safe and effective 
via an endoscopic approach. Multiple studies have reported high success rates with 
a variety of reconstruction techniques, ranging from 86 to 100% in repair of trau-
matic CSF leaks, but most often these studies grouped iatrogenic and traumatic CSF 
leaks together [3]. One study which provided subgroup analysis found a 92% suc-
cess rate with initial endoscopic repair for iatrogenic CSF leaks related to endo-
scopic sinus surgery [10]. Multilayer repair with a combination of homologous 
grafts (fat or fascia), allografts, xenografts, free mucosal grafts, and intranasal vas-
cularized mucosal flaps is generally preferred, especially for larger defects, but 
smaller defects may be successfully reconstructed with a single-layer reconstruc-
tion using free mucosal grafts or vascularized flaps [31]. The patient should be 
monitored postoperatively in the inpatient setting for neurological assessment and 
potential persistent leak.

 Summary

Traumatic anterior skull base CSF leaks, iatrogenic and non-iatrogenic, can be sig-
nificant and complex problems which require timely identification and manage-
ment. Persistent and untreated anterior skull base CSF leaks carry a high risk of 
ascending meningitis which increases over time with potentially serious conse-
quences. The management of traumatic anterior skull base CSF leaks is dependent 
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on the mechanism of injury and characteristics of the anterior skull base defect. For 
non-iatrogenic traumatic CSF leaks, conservative non-surgical management is an 
option as first-line treatment for most cases, with surgical treatment reserved for 
failures with non-surgical modalities and severe skull base injuries. For iatrogenic 
CSF leaks, surgical management is initially recommended.
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Chapter 11
Spontaneous CSF Leaks 
and Encephaloceles

Ashwini Tilak, Jessica W. Grayson, and Bradford A. Woodworth

 Introduction

Spontaneous cerebrospinal fluid (sCSF) leaks occur in the absence of preceding 
trauma, skull base surgery, or congenital defect. They are commonly associated 
with a meningoencephalocele—a herniation of the meninges with or without 
brain tissue through the associated defect (referred to as either “encephaloceles” 
or “meningoencephaloceles” throughout the text). Historically, these were 
referred to as “idiopathic” CSF leaks. Today, it is widely accepted that sCSF leaks 
represent a variant of idiopathic intracranial hypertension (IIH) [1–6]. Patients 
with sCSF leaks share demographic characteristics with those with IIH, including 
predisposition for female gender, middle age, and obesity. They also share clinical 
characteristics including symptoms of pulsatile tinnitus, headache, visual distur-
bances, and balance issues. Radiographically, multiple studies have identified 
characteristics in sCSF leaks that are consistent with underlying IIH such as 
empty sella syndrome [1, 6–8]. A large majority of patients also suffer from ele-
vated intracranial pressure, which are noted on opening pressure during lumbar 
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puncture and following closure of the skull base defect. The success rate of sCSF 
leak repairs has improved in recent years when coupled with medical treatment 
for underlying IIH. This suggests that IIH drives skull base attenuation and forma-
tion of skull base defects resulting in CSF rhinorrhea [1, 4, 7, 9–11]. In this chap-
ter, we describe the detailed approach to spontaneous CSF leak management, 
including preoperative imaging findings and other workup, intraoperative repair 
techniques to improve success rates, and postoperative treatment standards to 
mitigate chronically elevated ICP and thus decrease recurrence at the primary site 
and other skull base locations.

 Preoperative Management

Patients should undergo both computed tomography (CT) and magnetic reso-
nance imaging (MRI) in the evaluation and management of a sCSF leak. 
Preoperative imaging should include, at the least, an axial, thin-cut CT of the 
sinuses (≤1 mm slices) with coronal and sagittal reconstruction. CT delineates 
focal bone dehiscence and provides detailed images for intraoperative com-
puter-assisted navigation. Fluid and soft tissue can look similar on CT imaging, 
and smaller meningoencephaloceles may be difficult to identify, particularly in 
the olfactory cleft. Inflammatory mucosal changes from pre-existing chronic 
rhinosinusitis also complicate the identification of encephaloceles. On MRI, 
meninges may be better seen herniating through the defect and confirm the pres-
ence of an encephalocele (Fig. 11.2) [7, 12, 13]. Neuroimaging findings consis-
tent with intracranial hypertension are most readily identified with MRI scan as 
well [6, 12, 13].

 Radiographic Features

 Empty Sella

Eighty-five percent of patients with sCSF leaks will have concomitant presence 
of an empty sella on MRI [7, 9]. Dural herniation through the sellar diaphragm 
into the sella turcica leads to the radiographic appearance of an absent pituitary 
gland as the space fills with CSF and the pituitary gland is compressed against 
the floor (Fig. 11.1). Agid et al. [14] discovered empty sella to have a sensitivity 
of 26.7% and a specificity of 94.6% in IIH subjects. However, Bidot et al. [15] 
suggested that the appearance of empty sella in diagnostic imaging is also highly 
sensitive for IIH, with a pooled sensitivity of 80% and a pooled specific-
ity of 83%.
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Fig. 11.1 Coronal T2-weighted MRI scan of a patient with normal pituitary gland and sella (left) 
and a patient with spontaneous CSF leak/IIH and an “empty sella,” with pituitary gland com-
pressed against the floor of the sella turcica with the remaining space filled with CSF (asterisk). 
(Image credit: Property of Bradford Woodworth, MD)

 Orbital Findings

Dilation of the optic nerve sheath (ONS), optic nerve tortuosity, and protrusion and 
enhancement of the optic nerve head are commonly noted in patients with IIH [16, 
17]. However, they are less often seen in the presence of an active CSF leak due to 
pressure valve release. Aaron et al. [18] identified that IIH patients with concurrent 
CSF leak did not present with papilledema and ICP was lower than a similar cohort 
of IIH patients. ICP measurements equalize across these groups after closure of the 
skull base defect. It is also thought that those with spontaneous CSF leaks are resis-
tant to visual disturbances noted with elevated pressure. This may explain why the 
average age of diagnosis for IIH is in the 30s, while sCSF leaks occur on average in 
the 50s. Distension of the ONS on MRI is reflected as a ring of CSF surrounding the 
optic nerve and is considered one of the major indicators for IIH [19, 20]. Mallery 
et al. [21] reported a specificity of 83% and a sensitivity of 51%, while optic nerve 
head protrusion is highly specific for IIH with a specificity of 100% [14, 22]. Vertical 
tortuosity of the optic nerve is another commonly associated finding for elevated 
ICP with a specificity of 91.1% [14]. It is often associated with a “smear sign,” 
where the mid-region of the optic nerve is obscured on T1-weighted images by 
orbital fat [23]. Finally, posterior globe flattening refers to a loss of curvature of the 
posterior sclera where the sclera merges with the outer layers of the optic nerve and 
is considered to be the most specific sign (97–100%) with a sensitivity of 43–57% 
[24]. ICP transmitted through the optic nerve to the posterior sclera leads to chorio-
retinal folds and acquired hyperopia [19]. While papilledema is best identified 
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Fig. 11.2 T2-weight coronal MRI scans of a patient with normal Meckel’s caves (left, arrows) and 
a patient with spontaneous CSF leak/IIH with dilated Meckel’s caves (right, arrows). (Image 
credit: Property of Bradford Woodworth, MD)

clinically by fundoscopic examination, enhancement of the optic disc may also rep-
resent papilledema, although not specific, as it has been identified with other causes 
of optic disc edema [17].

 Enlargement of Meckel’s Cave

Meckel’s cave enlargement may also be noted in patients with sCSF leaks [20, 25–
27]. The elevated ICP is thought to compress the trigeminal ganglion in Meckel’s 
cave leading to replacement with CSF, similar to CSF displacement in an empty 
sella. This is best identified on T2-weighted slices as an increase in intensity and 
dimensions of Meckel’s cave (Fig. 11.2) [20]. This can also lead to the formation of 
petrous apex encephaloceles medial to Meckel’s cave.

 Transverse Venous Sinus Stenosis

Transverse venous sinus stenosis (TVSS) is best identified by magnetic resonance 
venography (MRV) [28]. It is identified in up to 90% of IIH patients, most com-
monly bilaterally. However, it is unclear whether TVSS causes IIH or vice versa. 
Patients suffering from IIH often experience pulsatile tinnitus due to turbulent blood 
flow. TVSS persists despite medical or surgical treatment of IIH [29]. However, 
endovascular shunting to manage transverse sinus stenosis has been successful in 
mitigating the visual symptoms of IIH and decreasing the need for medical therapy 
[30, 31].
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 Meningoceles and Meningoencephaloceles

Meningoencephaloceles are very common with spontaneous CSF leaks due to the 
underlying elevated ICP (Fig. 11.3) [15]. Current theory postulates that over time, 
the insult to the skull base caused by increased ICP leads to attenuation and eventu-
ally a defect with herniation [12].

 Skull Base Attenuation and Arachnoid Pits

Skull base attenuation (thinning) on CT scan and multiple skull base defects are 
very common findings in spontaneous CSF leak patients (Fig. 11.4). Psaltis et al. 
identified significantly thinner skull base around the lateral lamella, ethmoid roof, 

Fig. 11.3 T2-weighted MRI scans of a patient with a large frontoethmoidal encephalocele (left) 
and bilateral sphenoid lateral recess encephaloceles (right). (Image credit: Property of Bradford 
Woodworth, MD)

Fig. 11.4 Coronal CT scans of the sinuses of one patient with five separate skull base defects 
(arrows) in a patient with spontaneous CSF leaks and IIH. (Image credit: Property of Bradford 
Woodworth, MD)
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and sella, all common sites of sCSF leaks in a case control study. Arachnoid pits are 
thought to represent arachnoid granulations which have penetrated the dura but 
failed to reach a venous sinus, leading to the appearance of lobulated or multilobu-
lated bony “scalloped out” areas along the inner table of the skull base [6, 12]. In 
patients with IIH, the pulsatile increase in ICP leads to the formation of pits at the 
sites of arachnoid villi. These pits could lead to formation of bony defects through 
which the arachnoid/dura may herniate causing meningoencephalocele and CSF 
leak [32–34]. They appear isointense to CSF on MR imaging [12].

 Sternberg’s Canal Is Not Related to Spontaneous CSF Leaks

There is some controversy in the literature about the cause of spontaneous CSF leaks 
being linked to a persistent Sternberg’s canal; however, current embryologic theory as 
well as radiographic evidence of leak location does not support this [6, 25, 35, 36]. In 
1888, Maximilian Sternberg described the existence of a canal created during fusion 
of the alisphenoid, basisphenoid, and presphenoid ossification centers, which occurs 
near the lateral sphenoid sinus [6]. Sternberg examined dry skulls of 3–4-year-olds 
and saw that often the canal disappeared with age. Some adult skulls contained the 
defect, and thus he posited that failure of this fusion may lead to a persistent lateral 
craniopharyngeal canal. Since then, some authors erroneously posit that this canal is 
the cause of spontaneous lateral sphenoid CSF leaks [37–39]. However, given the 
evidence that sCSF leaks are related to intracranial hypertension, including demo-
graphic similarities as well as treatment failure when a leak is repaired and ICP is not 
addressed, this theory is not a plausible explanation for the etiology of these leaks. 
One paper quoting Sternberg’s canal as a source of sCSF leak mentions a near 50% 
failure rate after repair, suggesting that the cause may have been IIH after all [37]. In 
addition, the canal is present medial to the superior orbital fissure, foramen rotundum, 
and V2; nearly all lateral sphenoid CSF leaks are located lateral to V2 [6]. In an imag-
ing-based study, which examined 1000 sphenoid sinus CT scans and compared to a 
database of sCSF leaks, only one skull base defect traveling medial to V2 resembled 
the historical description of Sternberg’s canal. All 25 pts. with lateral sphenoid CSF 
leaks had defects and arachnoid pits lateral to V2 [40]. Given the constellation of 
evidence, the authors argue that Sternberg’s canal should be eliminated from the lit-
erature as a cause of spontaneous CSF leaks.

 Surgical Management

The current standard of care of spontaneous CSF leaks includes endoscopic repair 
with treatment of underlying IIH, either surgically or medically [2–4, 7, 11, 41–
45]. Historically, success rates for repair of spontaneous CSF leaks have been 
lower than those for iatrogenic or traumatic leaks; however this gap has closed as 
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surgeons have started to manage ICP after repair, and currently endoscopic repair 
followed by ICP management is the recommended standard of treatment [5, 44, 
46, 47].

A standard protocol is followed for treatment of spontaneous CSF leaks and 
encephaloceles at our institution. We approach these cases in combination with the 
neurosurgical team, which allows for multidisciplinary patient care in the setting of 
ICP management (lumbar drain, VP shunt placement) and management of potential, 
albeit rare, complications (intracranial hemorrhage) following resection of the 
encephalocele. Lumbar drains are placed intraoperatively, and opening pressure is 
measured [43]. As the patient already has a route of egress for CSF, the pressure 
does not represent the true extent of intracranial hypertension, but provides a good 
starting point measurement of relative pressure. Fluorescein is used intrathecally to 
identify occult leaks and confirm radiographic findings [48]. A mixture of 0.1 mL of 
10% fluorescein diluted in 10 mL of sterile preservative free saline or the patient’s 
own CSF is injected into the lumbar drain over 10 min. Consent is obtained from the 
patient prior to the case, as this is a non-FDA-approved use of fluorescein. The 
defect is then approached endoscopically with opening the sinuses on the side of the 
leak. Adjunct approaches such as the transpterygoid approach for sphenoid lateral 
recess leaks (Fig.  11.5) and periorbital suspension for supraorbital or far lateral 
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Fig. 11.5 Intraoperative endoscopic images for repair of lateral skull base encephalocele. (a) 
Right-sided FESS has been completed. Posterior wall of the maxillary sinus is removed, and the 
internal maxillary artery (IMA) is identified and clipped. Fluorescein is noted in the sphenoid sinus 
from the lateral recess CSF leak. (b) Once the IMA is clipped and divided, the pterygoid is removed 
to reveal the recess, inferior to V2. (c) The encephalocele is reduced with coblation until it is flush 
with the bony skull base. (d) After measurements are obtained, porcine small intestine submucosa 
(SIS) is placed into the epidural space. (e) A bone graft is next placed in the epidural space as the 
second layer. (f) A second layer of SIS is placed on top of the bone graft. (Image credit: Property 
of Bradford Woodworth, MD)
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frontal sinus CSF leaks may be employed [11, 49–55]. If an encephalocele is pres-
ent, it is fulgurated with radiofrequency coblation and bipolar until the base is level 
with the skull base [56]. A graft site is prepared by removing a cuff of normal 
mucosa surrounding the defect with a coblator. If there is a bony defect >2–3 mm, 
this is reconstructed using a bone graft harvested from the septum, turbinate, or 
posterior maxillary wall. Once the encephalocele is reduced, a porcine small intes-
tine submucosal graft is placed in the epidural space, followed by a bone graft (if 
being used), followed by an overlay of porcine small intestine (Biodesign®, Cook 
Medical, Bloomington, In) or pedicled flap. The most often used pedicled flap is the 
nasoseptal flap; however, middle turbinate flaps can also be used [57–59]. We use a 
nasoseptal flap based on the posterior septal artery for cribriform, ethmoid, and 
planum sphenoidale leaks as there is evidence that this type of vascularized graft is 
superior when compared to free tissue grafts [60, 61]. In addition, bone grafts are 
not typically an option for cribriform leaks due to their size and location (leaks 
through olfactory filia), so we prefer vascularized tissue in this region for fast heal-
ing and support. Lateral sphenoid recess defects are repaired in three-layer fashion 
(porcine small intestine submucosa, bone, porcine small intestine submucosa) [6]. 
In order to maintain consistent pressure across the repair, iodoform bolsters are used 
to hold the repair in place [62]. We insert middle meatal spacers to provide support 
to the iodoform packing and prevent closure of the ethmoid cavity [63, 64].

 Postoperative Management

Postoperatively, the patient is monitored in the neurologic ICU overnight. The lum-
bar drain is clamped at midnight on postoperative day 0. ICP is then measured 6–8 h 
later. If ICP is elevated at this time (typically >20 cm H2O), acetazolamide 500 mg 
BID is started. The ICP is measured again 6–8 h after initiation to evaluate for post- 
acetazolamide response [65]. If the patient’s pressure is significantly elevated 
(>30 cm H2O) despite its use, VP shunting may be recommended as a permanent 
means of ICP control. It is important to note that these are general guidelines and 
not steadfast rules. Decisions are made regarding shunting based on team discussion 
and the patient’s input and preference. Patients with chronic kidney disease, sulfa 
allergy, or those considered high risk (including recurrences, multiple defects, or 
extensive skull base attenuation on CT) are considered for shunting even if an 
appropriate response to acetazolamide is observed [43]. Adequate treatment of ICP 
post-repair is an extremely important component of management to prevent recur-
rence of CSF leak or further defects [47].

Approximately 2 weeks after surgery, postoperative packing is removed in the 
office under endoscopic guidance with topical anesthesia. If the patient was placed 
on long-term acetazolamide therapy, a basic metabolic panel is obtained to monitor 
for development of electrolyte abnormalities. Approximately 1 year after surgery, 
patients undergo a CT sinus without contrast to check incorporation of the bone 
graft and identify any new defects or attenuation that may develop.
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 Long-Term Medical Management

We recommend long-term use of acetazolamide unless patients undergo significant 
weight loss. In studies examining patients with IIH, decreased ICP was noted with 
even a modest 3–5% weight loss [66, 67]. Weight loss with a moderate diet and 
exercise program or bariatric surgery as indicated is an important way of treating 
IIH. Although there is limited data on topiramate, it may be used in place of acet-
azolamide to lower intracranial pressure, as it is also a carbonic anhydrase inhibitor 
[68, 69]. It also has the additional effect of decreasing appetite, which could help 
with weight loss.

 Alternative Strategies: Dural Venous Stenting

Dural venous sinus stenting, a relatively new technique developed to treat IIH, has 
not been studied extensively in patients with sCSF leak. However, preliminary data 
for its use in patients with IIH without CSF leak demonstrates moderate symptom 
improvement in headache and visual acuity [30, 70–72]. Dural venous sinus stent-
ing as a treatment for IIH is based on the theory that a stenosis between two sinuses 
increases CSF pressure. In dural venous sinus stenting (VSS), a patient is first 
started on dual antiplatelet therapy. Next, cerebral venography (via groin or other 
central venous access) is performed, and the pressure gradient across a sinus steno-
sis is measured; if the gradient is large (8 mm Hg most commonly used cutoff across 
several studies), a stent is inserted [72]. In several trials in the literature, a cohort of 
patients with medically refractory IIH (but no mention of leak) underwent 
VSS. While complication rates are low (~3%), complications have included intra-
cranial hemorrhage and death in a small number of patients. The failure rate has 
been reported as 2.4% [71]. Published rates of improvement in clinical symptom-
atology are 40–69% [73]. One prospective trial, which involved measurement of 
ICP pre- and post stenting via lumbar puncture, actually saw a significant decrease 
in ICP after stenting, and a decreased dose of acetazolamide was required to control 
symptoms [30]. There is very little in the literature regarding VSS in patients with 
spontaneous CSF leak; however, one case report does mention a patient with IIH 
and a spontaneous CSF leak who underwent VSS without primary surgical repair of 
leak and clinically resolved their rhinorrhea; however, no skull base imaging was 
reported pre- or post stenting [70].

 Conclusion

Spontaneous cerebrospinal fluid leaks, which occur in the absence of preceding 
trauma, skull base surgery, or congenital defect, are generally accepted to be 
sequelae of IIH.  Adequate management of these skull base defects require 
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identification on CT and MRI, adequate repair of the defect with uniform packing 
across the defect, and postoperative ICP management with weight loss, medical 
therapy, and possible VP shunting.

Disclosures Jessica W. Grayson has served on an advisory board for Glaxo-Smith- 
Kline. Bradford A. Woodworth serves as a consultant for Cook Medical, Smith and 
Nephew, and Medtronic.
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Chapter 12
Congenital Encephaloceles

Liam Gallagher, Amrita Ray, and David A. Gudis

 Introduction

An encephalocele is a sac-like, soft tissue mass that occurs when intracranial con-
tents herniate through a defect or structurally weakened area of the skull base. 
Encephaloceles may be identified as a congenital mass in infancy or present later in 
adult life secondary to trauma, surgery, tumors, or idiopathic skull base defects. In 
pediatric populations, the great majority of encephaloceles are congenital; however, 
they may also result secondarily from trauma, tumors, surgery, or craniofacial clefts 
[1]. Although encephaloceles may course through temporal, occipital, and even 
parietal bone defects, this chapter will emphasize congenital anterior/frontal 
encephaloceles.

The presentation and clinical significance of encephaloceles can vary widely 
depending on the location, size, and herniated contents of the defect. For example, 
posterior encephaloceles have a higher incidence of neurologic complications and 
lower survival rates. Large encephaloceles, particularly those with over 50% of 
brain tissue herniation, may cause intrauterine demise of the fetus [2]. At birth, 
encephaloceles may present with critical airway obstruction and/or obvious facial 
deformities. Occult encephaloceles often present later with symptoms related to 
nasal obstruction, respiratory distress, or recurrent meningitis. Alternatively, smaller 
defects may produce only subtle cosmetic deformities.
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 Epidemiology

Encephaloceles are generally rare, but measurements of their incidence and type 
appear to vary by geography.

Overall, posterior congenital encephaloceles appear to be more common than 
anterior ones, with 70–90% of congenital encephaloceles involving the occipital 
region [3–5]. Worldwide prevalence of neutral tube defects is estimated to be 18 per 
10,000 live births [6], with encephaloceles comprising approximately 10–20% of 
all neural tube defects. While occipital encephaloceles predominate among popula-
tions of European descent, anterior encephaloceles tend to be more common in 
Southeast Asia, Africa, and Russia, occurring in 1 in 3500–6000 live births [7, 8].

The incidence appears to be slightly lower in developed countries. In the USA, 
for example, congenital encephaloceles occur in an estimated 1 in 10,000 live births. 
Other estimates have ranged as widely as 1 in 2000 to 1 in 12,500 live births [9–11].

Neural tube defects appear to have a sex predominance in females, and this 
appears to hold true regarding encephaloceles as well [12]. Occipital encephalo-
celes [13] appear to occur in females in higher rates; alternatively, the sex predispo-
sition for anterior encephaloceles is more nuanced, with some sources favoring a 
male predisposition, while others show similar incidence [14].

 Etiology and Pathophysiology

While some cases of encephaloceles can be attributed to tumors, trauma, or iatro-
genic injury, the majority of cases are isolated defects with a sporadic pattern of 
incidence, and the pathogenesis is not well understood. Posterior/occipital encepha-
loceles are considered to be a variant of neural tube defects [15]. The most accepted 
theory regarding anterior encephaloceles proposes that they result from an incom-
plete anterior fusion of neural folds and/or incomplete separation of neuroectoderm 
and surface ectoderm after fusion, preventing somatic mesoderm from interposing 
to develop into skull bone and meninges [16–21] (Fig. 12.1).

The early fetal brain is surrounded by layers of mesoderm and ectoderm, together 
referred to as the neurocranium. The mesodermal layer gives rise to the developing 
nasal and frontal bones. The fonticulus frontalis is a temporary space that develops 
between the nasal and frontal bones [23]. Contact between the dura and ectoderm 
results in a meningeal projection into the prenasal space. In normal development, 
this projection is obliterated, ultimately becoming the foramen cecum. An error in 
the involution of this projection is the common initial pathogenesis of gliomas, der-
moids, and some encephaloceles [24]. In the case of encephaloceles, the lack of 
separation produces a mesodermal defect; since rostral neuropore closure is a focal 
process, rather than a smoothly progressive one, the defect may arise in various 
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Fig. 12.1 Errors in the development of the nasal and frontal bone and rostral neuropore closure 
represent a common pathogenesis for anterior encephaloceles, gliomas, and dermoids. (Figure 
reprinted from [22])

locations. The anatomy of this bony defect ultimately defines the type and presenta-
tion of encephalocele.

Additional theories suggest abnormal gene signaling from the neural tube [25], 
malfunctions in the molecular sonic hedgehog pathway, as well as a sequalae of 
amniotic band syndrome [26–30]. Both anterior and posterior encephaloceles 
likely have multifactorial origins, including possible environmental, genetic, 
nutritional, and disease associations [23], although clear links have yet to be iden-
tified [27, 28]. Risk factors suggestive for congenital encephaloceles include those 
that may predispose for neural tube defects, which occur if the cranial neuropore 
is not fully closed by day 26 of gestation [25, 27, 31]. These risks include TORCH 
infections, family history of neural tube defects including anencephaly and spina 
bifida, insufficient prenatal folic acid intake, maternal rubella, and maternal dia-
betes [32].

Congenital encephaloceles have been associated with over 30 different diseases 
and syndromes including frontonasal dysplasia, Ehlers-Danlos syndrome, Meckel’s 
syndrome, and amniotic band syndrome, among others; however, no identifiable 
specific genetic or familial inheritance pattern has been identified outside of a few 
isolated cases of autosomal dominant occipital encephaloceles [33]. Thus, the gen-
erally sporadic pattern of incidence and lack of strongly associated risk factors sup-
port the idea that these defects predominantly arise from mistakes in fetal skull 
development.
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 Classification

Encephaloceles can be classified by both their contents and location.
A meningocele describes a herniation that contains only meninges. 

Meningoencephalocele refers to a herniation that contains both meninges and brain 
tissue. Rarely, the herniation may be in communication with a ventricle, termed 
encephalomeningocystocele.

Occipital encephaloceles encompass up to 75% of all encephaloceles and occur 
along the lambdoid suture and foramen magnum [4, 15] (Fig. 12.2). As mentioned, 
they are considered a form of neural tube defects and arise through a similar patho-
physiology. Parietal encephaloceles are rare and most commonly occur as a result 
of local atresia of the parietal bone [34]. These encephaloceles range from minor 
meningoceles, with primarily cutaneous manifestations, to very large defects which 
substantial herniation of brain tissue [35].

Anterior encephaloceles occur as a maldevelopment of the foramen cecum, 
which is a primitive tract between the anterior cranial fossa and nasal space [17, 
24]. Anterior encephaloceles can be further classified by the location of protrusion 
from the skull base: these designations are sincipital and basal [36]. Sincipital 
encephaloceles are extranasal masses that occur near the forehead, glabella, or 
orbit, at the junction of the ethmoid and frontal bones near the root of the nose; 
these can be further classified into nasofrontal, naso-ethmoidal, and naso-orbital 
types. Basal encephaloceles occur as intranasal protrusions through the cribriform 
plate, ethmoid, or sphenoid sinuses and tend to be occult masses. These can be 
further subdivided into trans-ethmoidal, spheno-ethmoidal, spheno-orbital, 
spheno-maxillary, and transsphenoidal types [36]. Table  12.1 summarizes this 
classification system.

Fig. 12.2 Suture lines in the pediatric skull
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Table 12.1 Classification of anterior encephaloceles. This table summarizes the classification of 
the two categories of anterior encephaloceles—sincipital and basal—by the course of the herniation 
and the clinical presentation

Type Course Presentation

Sincipital Nasofrontal Through foramen cecum to come out 
between nasal and frontal bones

Glabellar mass

Naso-ethmoidal Through foramen cecum into prenasal 
space, between nasal bones and cartilages

Dorsal nasal mass

Naso-orbital At medial orbital wall, defect between 
defect in maxilla frontal process and 
ethmoid-lacrimal bone junction

Proptosis, visual 
issues

Basal Trans-ethmoidal Through cribriform into superior meatus, 
medial to middle turbinate

Nasal mass, 
nasopharyngeal 
mass

Spheno- 
ethmoidal

Between posterior ethmoid and sphenoid, 
into nasopharynx

Nasal mass, 
nasopharyngeal 
mass

Spheno-orbital Through superior orbital fissure Exophthalmos, 
diplopia

Spheno- 
maxillary

Orbital fissures to pterygopalatine fossa Facial mass, facial 
asymmetry

Transsphenoidal Sphenoid planum or sphenoclival defect 
into nasopharynx through craniopharyngeal 
canal [24]

Nasal mass, 
nasopharyngeal 
mass

 Clinical Presentation

The clinical presentation of encephaloceles is widely variable and predominantly a 
function of three factors: the size of the defect, the location of the defect, and the 
herniated contents.

Large defects or significant parenchymal herniation may result in intrauterine 
demise. At birth, a large congenital nasal or nasopharyngeal mass of any origin, 
including encephaloceles, may cause respiratory distress and emergent airway 
obstruction [37]. Smaller encephaloceles may go undetected or cause vague, non-
specific symptoms such as nasal obstruction or post-obstructive sinusitis. 
Cerebrospinal fluid (CSF) rhinorrhea may be mistaken for a runny nose [38]. A 
leaking hernia sac may also facilitate a route for commensal bacteria to enter the 
intracranial space [38–40]. Thus, one should consider an unidentified intranasal 
encephalocele particularly in cases of recurrent bacterial meningitis.

Many encephaloceles are visibly obvious at birth, particularly sincipital enceph-
aloceles, which can present with a glabellar or dorsal nasal mass. Even small sin-
cipital encephaloceles are likely to be visible because of their location. These facial 
masses often enlarge with crying, Valsalva, or the Furstenberg test, which involves 
compressing the jugular veins to increase subarachnoid pressure [23]. The excep-
tion among sincipital encephaloceles is a naso-orbital encephalocele, which may 
present more subtly with proptosis and vision disorders.
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Basal encephaloceles tend to herniate into the nasal cavity, and therefore the 
presentation can be variable. The presentation of nasopharyngeal encephaloceles, 
such as trans-ethmoidal and spheno-ethmoidal, depends largely on the size and 
degree of obstruction. Proptosis and diplopia are common symptoms in spheno- 
orbital encephaloceles. Spheno-maxillary encephaloceles are exceedingly rare, but 
may present with a facial mass, swelling, or trismus in the region of the pterygopala-
tine fossa [41]. Also quite rare, transsphenoidal encephaloceles may involve pitu-
itary or optic tissues resulting in hormonal or visual disturbance [42, 43]. Facial 
clues to the possible presence of an occult nasopharyngeal encephalocele include 
hypertelorism, cleft palate, and median cleft face syndrome [44].

Although the majority of encephaloceles are isolated defects, approximately one 
third of patients may have additional congenital structural malformations or compli-
cations, including Dandy-Walker or Chiari malformations, microcephaly, cleft lip, 
craniosynostosis, hydrocephalus [45], complex congenital heart disease, amniotic 
rupture sequence, or other systemic abnormalities [46].

 Differential Diagnosis and Workup

Identification of a skull base encephalocele is based on symptoms, physical exam 
including nasal endoscopy, and imaging of the brain and skull base.

 Differential Diagnosis

The clinician should consider the possibility of other sinonasal mass lesions, includ-
ing nasal gliomas, dermoid cysts, and nasal polyps, which all can present as a nasal 
mass similar to encephaloceles, and thus a brief discussion on these masses is war-
ranted [24].

Nasal gliomas and dermoids occur via the same pathophysiological aberration as 
anterior encephaloceles [17]. It should be noted that the term “glioma” is a bit of a 
misnomer, as nasal gliomas are not the same entity as intracranial gliomas; nasal 
gliomas are a developmental abnormality, rather than an intracranial glioma, which 
is a malignant neoplasm. The term “glioma” in this chapter will refer to the former, 
benign pathology.

Like encephaloceles, gliomas also develop secondary to an abnormal protrusion 
of intracranial tissue. However, unlike encephaloceles, the majority of the initial 
skull base defect eventually closes, resulting in ectopic, sequestered neurologic tis-
sue [47]. Thus, gliomas contain nonfunctional, hamartomatous heterotopic glial tis-
sue. While a small percentage of gliomas connect with dura, through either the 
foramen cecum or fonticulus, there is a lack of a continuous, patent connection to 
the intrathecal space or central nervous system [24], and thus the mass is not subject 
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Table 12.2 Differential diagnosis of external nasal and intranasal masses. This table presents the 
differential diagnoses for external nasal and intranasal masses with important clinical features

Cause Findings

External nasal 
mass

Sincipital 
encephaloceles

Transilluminate; Furstenberg (+)

Gliomas Transilluminate; Furstenberg (−)
Dermoid Non-compressible, non-pulsatile, often sinus tract or 

pit; Furstenberg (−)
Hemangioma T1 enhancement; Furstenberg (+)

Intranasal mass Basal encephaloceles Shiny smooth mass, midline or paramedian; 
Furstenberg (+)

Nasal polyposis Rare in infants, usually from middle meatus, 
Furstenberg (−)

Lacrimal cyst Bulges when pressure is applied to the lacrimal 
system

Hemangioma T1 enhancement; Furstenberg (−)

to intracranial pressure fluctuations. Therefore, gliomas are generally noncompress-
ible masses that do not increase in size with crying or the Furstenberg test.

Gliomas may present as either an intranasal (30%), extranasal (60%), or both 
intra-/extranasal combined mass (10%) [48]. Extranasal gliomas are often at the 
glabella, but are not necessarily midline and may result in dystopia canthorum or 
hypertelorism. Intranasal gliomas may mimic nasal polyps and present high in the 
nasal cavity, often in association with the middle turbinate. Combined gliomas may 
have a dumbbell shape with a band separating the intra- and extranasal components. 
Gliomas may be unilateral and do not necessarily occur in the midline or attach to 
the skin or sinuses.

Nasal dermoids are the most common congenital midline lesion of the nose. 
These cystic lesions occur anywhere along the nasal dorsum or anterior cranial 
fossa secondary to failed regression of the neuroectodermal tract. They are com-
prised of ectoderm and mesodermal tissue [49] and may contain hair follicles, seba-
ceous glands, or eccrine glands within. Nasal dermoids may have an intracranial 
connection at the foramen cecum, frontalis, crista galli, or cribriform, and thus 
recurrent infections may track intracranially leading to brain abscesses or meningitis.

Additional masses that should be considered on the differential are included in 
Table 12.2.

 Workup

Large encephaloceles may be identified on prenatal ultrasound imaging. Any con-
cern for a congenital nasal or skull base lesion warrants a comprehensive physical 
exam including nasal endoscopy in addition to dedicated high-resolution imaging. 
Biopsy should not be performed before imaging is obtained and reviewed.
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Diagnosis of extranasal encephaloceles is relatively straightforward based on 
physical exam and imaging. Internal encephaloceles are not as obvious or easily 
diagnosed in the absence of symptoms. Imaging routinely consists of computed 
tomography (CT) and/or magnetic resonance imaging (MRI). A high-resolution, 
non-contrasted CT scan allows for a detailed examination of the skull base and 
identification of any bony defects, as well as allows for surgical planning with the 
use of stereotactic navigation. MRI examines the soft tissue components of the mass 
to determine the nature of the herniated contents in addition to the presence or 
absence of an intracranial and/or intrathecal connection. Additionally, MRI may 
also demonstrate the presence of hydrocephalous, infection, or any other intracra-
nial pathology that may be secondarily associated with a congenital encephalocele.

Angiography may demonstrate the presence of major arteries, such as an anterior 
cerebral artery, that may course through the encephalocele. While there are no pub-
lished guidelines to describe the precise indications for angiography in this clinical 
context, it should be considered for any large encephalocele that contains a signifi-
cant amount of parenchymal tissue. Generally, a CT angiography or MR angiogra-
phy is sufficient to delineate the major skull base vasculature.

Combined CT and MR imaging modalities allow the clinician to elucidate the 
type of nasal mass, as well as identify the size, location, extent of bony destruction, 
and involvement of adjacent structures.

 Additional Workup

Additional abnormalities or findings identified with imaging may warrant further 
workup to evaluate for an underlying chromosomal defect, syndrome, or inherited 
condition. Consultation with colleagues in genetics, neurology, cardiology, and 
nephrology, to name a few, may be needed to help optimize care for the patient. 
Craniopharyngeal canal defects may involve sellar structures and should prompt 
consideration of an endocrinologic evaluation.

 Treatment

Diagnostic biopsy is generally not required and may lead to a CSF leak or provide 
a nidus for ascending infection and meningitis.

Surgical resection and skull base reconstruction is the primary treatment for con-
genital encephaloceles. The optimal timing of surgery varies based on the size, loca-
tion, associated complications, and other potential comorbidities or craniofacial 
anomalies. Indications for urgent surgery include airway compromise, bacterial 
meningitis, CSF leak, and declining neurologic function. Expeditious treatment is 
always the goal, as the presence of an encephalocele represents an ongoing risk of 
meningitis.
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Fundamental surgical goals include reduction of the encephalocele into the skull 
base and repair of the bony defect with a water-tight seal. Definitive surgical repair 
is often performed by a multidisciplinary team comprised of neurosurgical and oto-
laryngology colleagues.

Extranasal masses may be excised with standard surgical excisions, although an 
intracranial component may necessitate neurosurgical involvement with an endo-
scopic or open approach. For intranasal masses, depending on the location, surgical 
approaches may involve an open craniotomy approach versus a minimally invasive 
endoscopic endonasal approach. As endoscopic technology and techniques have 
developed in recent years, the endoscopic approach has become the preferred treat-
ment route when possible, given the excellent visualization afforded with reduced 
morbidity. Our following surgical discussion will focus on the endonasal endo-
scopic approach for internal nasal encephaloceles.

For an endoscopic, endonasal approach, stereotactic image guidance with either 
CT or MRI is routinely obtained for both preoperative evaluation and stereotactic 
surgical navigation.

Various endoscopic approaches for the skull base can be utilized depending on 
the location of the lesion and skull base defect. These may include a direct parasep-
tal approach for lesions on the ethmoid or cribriform, a transsphenoidal approach, 
or a transpterygoid approach for lateral recess lesions. A transpalatal approaches is 
also a viable option, particularly in cases where the cleft palate provides a surgical 
window for access. However, in patients without an existing cleft palate, this 
approach is less popular, as palatal osteotomies and hard palate removal are not only 
technically challenging, but may also result in delayed healing and the need for 
enteral feeds.

During the approach, the surgeon should keep in mind a plan for reconstruction 
and save or harvest any tissue needed at that time. If there is a potential need for a 
vascularized tissue flap, most commonly a nasoseptal flap, this flap can either be 
harvested at the onset of the case or persevered during the dissection for future use.

Once the approach is complete and the lesion is in view, treatment steps first 
involve the reduction of the intranasal mass so that the bony skull base defect can be 
identified and visualized. Reduction of the intranasal mass can be done with a vari-
ety of instruments including bipolar cautery and coblation. Given the open connec-
tion with the intracranial space, powered instrumentation is generally avoided at the 
skull base.

Once the skull base defect is identified, the optimal repair is dictated by the size, 
location, and degree of CSF leak. Small defects with low-flow CSF leaks may 
require only a free mucosal graft, minimal patching with fat, free or vascularized 
mucosa, tensor fascia lata, and/or tissue glue. Larger or higher-flow defects may 
require more extensive, multilayer repairs, including any combination of fat, tensor 
fascia lata, vascularized pedicled mucosal flaps, or synthetic dural matrix.

Additional treatments may be necessary based on the individual’s specific symp-
toms and associated conditions. For example, craniofacial abnormalities or hydro-
cephalous may require adjuvant interventions such as surgery, shunt placement, or 
other interventions. Symptomatic and supportive treatment may be needed for 
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lifelong physical or cognitive deficits and may include medical, social, remedial 
education, and/or vocational services. Genetic counseling for families may also be 
warranted, depending on situation.

 Prognosis

Important prognostic factors include the location of the defect, type, and amount of 
herniated contents, presence of hydrocephalus, low birth weight, preterm delivery, 
and presence of multiple defects.

The type of tissue in the herniated contents plays a significant role in ultimate 
prognosis, with patients with meningoceles faring considerably better than those 
with encephaloceles. A study of 24 patients with surgically treated encephaloceles 
found that presence of neural tissue in the hernia sac was the strongest predictor of 
mortality and functional outcome [50]. The prognosis of fetuses with meningoen-
cephaloceles is poor and is often complicated by the presence of other CNS defects. 
Intrauterine demise usually occurs when over 50% of the cranial (i.e., neural) con-
tents have been herniated [2]. Comparatively, patients with very large meningoceles 
tend to have excellent outcomes [42]; thus, although the size of the hernia sac is a 
statistically significant variable, it is an unreliable predictor of prognosis.

The prognosis for anterior encephaloceles is considerably better than for poste-
rior encephaloceles, with 1 study of 83 cases reporting a mortality of 10% for ante-
rior defects and 24% for posterior defects [3]. However, estimates of perinatal 
mortality may be affected by elective termination in the case of severe prenatally 
diagnosed defects. Case series of liveborn patients with anterior encephaloceles are 
limited and have reported mortality rates with a wide range of 0–20% [5]. For exam-
ple, all 12 patients in one study from the Children’s Hospital of Denver survived 
[46], while in an older report from Indiana University, one of five patients with 
anterior encephaloceles died [51]. A recent systematic review of 110 patients with 
anterior cranial fossa encephalocele noted a mortality rate of 4.8% [14]. The 
improved survival of anterior lesions reflects the fact that posterior encephaloceles 
tend to be larger and contain more neural contents than anterior encephaloceles.

The prognostic factors important for survival appear to be similarly influential in 
patients’ functional outcomes as well. Children with congenital encephaloceles 
appear to have a greater risk of neurologic developmental delays. One small study 
of 12 patients with anterior encephaloceles reported normal development in 42% 
and severe disability in 25% of cases [46]. Patients with several defects have a 
worse prognosis compared to those with isolated encephaloceles.

The severity, size, and associated complications dictate the surgical manage-
ment, timing, and likelihood of a successful intervention. Additionally, earlier surgi-
cal correction of encephaloceles often allows for the craniofacial bones to resume 
normal development and ultimately yields a better cosmetic outcome. Operative 
complications include intraoperative CSF leaks, which have been noted to occur in 
18.5% of patients, versus postoperative leaks, which are noted in 6% of cases. Rates 
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of meningitis and hydrocephalous were both low, ~3.7% [14]. Thus, the low inci-
dence of complications favors surgical intervention for anterior encephalocele repair.

Although there is limited data regarding the risk of encephalocele recurrence, a 
recent systemic review over 110 patients identified a recurrence rate of 5.2% [14]. 
For comparison, the rate of recurrence of nasal gliomas has been estimated at 
4–10% [52].

 Conclusion

Congenital encephaloceles are rare malformations characterized by herniation of 
intracranial contents through defects in the bony skull base. These lesions can be 
categorized by their location and contents. Larger lesions may cause airway obstruc-
tion, and recurrent meningitis should prompt concern for a skull base defect. 
Endoscopic skull base surgery is the preferred method of repair, when possible, and 
allows for minimal morbidity and aesthetic disfiguration. Various techniques exist 
in approaching the lesion in an endoscopic fashion, and repair is tailored to the size, 
location, and leak status of the lesion. Endoscopic skull base reconstruction pro-
vides excellent visualization for surgery, repair, nominal cosmetic morbidity, and 
minimal impact on facial skeleton growth.
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Chapter 13
Anterior Skull Base Surgical Approaches

Joseph S. Schwartz and Alex Tham

 Introduction

Traditionally, skull base surgery involved open surgery either from above via a tran-
scranial approach or from below via a transfacial approach. Often, both transcranial 
and transfacial approaches were required to adequately address skull base lesions. 
In this era of minimally invasive surgery, the endoscopic endonasal approach (EEA) 
has now superseded traditional open approaches.

Endonasal surgery of the skull base began with pituitary surgery. As skull base 
surgeons became more familiar and adept with this technique, extended skull base 
approaches were developed which provided exposures from the olfactory groove to 
C-2 and to the infratemporal region and jugular fossa laterally. Naturally, the sphe-
noid sinus is often the starting point for access to most of the skull base. The signifi-
cance of the sphenoid sinus is also grounded in its proximity to critical anatomical 
structures, such as the optic nerves and internal carotid arteries (ICAs).

Extended approaches from the sphenoid sinus to adjacent areas of the anterior 
skull base can proceed in all directions. With the sphenoid as the epicenter, the 
approaches to the skull base can be divided along the sagittal and coronal planes 
(Table 13.1; Fig. 13.1). Within the scope of this chapter, only approaches to the 
anterior skull base will be discussed.
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Table 13.1 Classification of endoscopic endonasal approaches to the skull base

Sagittal plane
• Transfrontal
• Transcribriform
• Transsphenoidal
   – Transplanum
   – Transtuberculum (supersellar)
   – Transsellar
• Transclival
   – Superior: dorsum sellae
   – Middle: mid-clivus
   – Inferior: foramen magnum
• Transodontoid
Coronal plane
• Anterior (anterior cranial fossa)
   – Medial supraorbital
   – Transorbital
• Middle (middle cranial fossa)
   – Medial transcavernous
   – Transpterygoid
     Medial petrous apex
     Contralateral transmaxillary
   – Suprapetrous
     Meckel’s cave
     Lateral transcavernous
   – Posterior (posterior cranial fossa)
     Intrapetrous (“far medial”)
      Transjugular tubercle
      Transcondylar
     Parapharyngeal space/infratemporal skull base
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Fig. 13.1 Endoscopic 
endonasal surgical 
approaches. (1) 
Transfrontal; (2) 
transcribriform; (3) 
transplanum; (4) 
transsellar; (5) transclival; 
(6) transodontoid

 Sagittal Plane

 Transfrontal

The transfrontal approach provides access to the ventral most anatomical subunit of 
the anterior skull base in the sagittal plane. The common indications for this 
approach include conditions involving the frontal sinuses such as mucocele, fibro-
osseous tumor, and posterior frontal table fracture resulting in a cerebrospinal fluid 
(CSF) leak. This approach is also the preceding step in a transcribriform approach.

In this approach, an antero-superior septal window followed by a frontal sinus 
drillout (also known as a modified endoscopic Lothrop or Draf III) procedure is 
performed. The frontal neo-ostium serves to maximize the surgical corridor to opti-
mize management of various frontal sinus conditions. During dissection, care 
should be taken to avoid injury to the olfactory fibers and cribriform plate which 
would otherwise negatively influence olfaction and may result in a CSF leak 
respectively.

The frontal sinus drill-out procedure was first described by Lothrop in 1914 [1] 
and modified by Draf in 1991 [2]. There are two approaches, the “inside-out” and 
the “outside-in.” The inside-out approach is the traditional and first described tech-
nique for performing a frontal sinus drillout. Following a maxillary antrostomy and 
total sphenoethmoidectomy, the frontal recess is cleared of all bony partitions and 
cells creating a Draf IIa frontal sinusotomy. A 2 × 2 cm antero-superior septal win-
dow is then fashioned delimited posteriorly by the anterior face of the middle turbi-
nate. Inferiorly, the window is made about 0.5 cm below the axilla of the middle 
turbinate so that instruments can pass trans-septally underneath the axilla of the 
contralateral middle turbinate. The roof of the nose forms the superior margin, and 
the anterior margin is about a centimeter from the frontal process of the maxilla. 
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The septal mucosa on both sides of the septal window can be harvested as free 
mucosal grafts which may be used to line the denuded bone of the frontal neo-ostium.

A high-speed drill is then used to remove the frontal process of the maxilla above 
the axilla. The zero-degree endoscope is used for the majority of the dissection, and 
both the scope and the burr are inserted via one nostril across the septal window so 
as to work on the contralateral frontal process. Starting from the frontal ostium, the 
burr is directed anteriorly toward the frontal process of the maxilla in a lateral and 
superior direction (inside-out). This is continued until the periosteum of the overly-
ing skin is exposed, and this marks the lateral extent of the dissection. Drilling is 
now directed superiorly until the floor of the frontal sinus is reached and the frontal 
sinus is visualized. The dissection is repeated for the contralateral side until the 
contralateral frontal sinus is entered as well. It should be noted that dissection 
should not be directed medially prior to entering the frontal sinus to avoid injuring 
the olfactory filaments.

Dissection is now directed medially from both sides of the frontal sinuses, alter-
nating from side to side, until the frontal intersinus septum is visualized. The two 
frontal sinuses are then connected by taking down the intersinus septum. Lastly, the 
frontal neo-ostium is further enlarged to achieve the largest possible anteroposterior 
and lateral dimensions. The frontal “T,” which is comprised of the perpendicular 
plate of the ethmoid (long limb) and the posterior margin of the frontal sinus floor 
resection (short limbs), is lowered as much as possible without exposing the dura of 
the olfactory filaments. The mucosa of the olfactory cleft is first elevated and the 
position of the first olfactory filament identified prior to lowering of the frontal 
“T” region.

The 30-degree scope is now utilized to view the intersinus septum and frontal 
beak. The intersinus septum is completely removed up to the roof of the frontal 
sinus, and the frontal beak is drilled down until there is a smooth transition between 
the frontal sinus and nasal cavity. This completes the Draf III “inside-out” approach.

In the “outside-in” approach, the initial dissection of the frontal recesses is 
avoided. As opposed to the “inside-out” approach, the limits of the drill-out cavity 
are established at the outset of the procedure, and the dissection then proceeds 
toward the frontal recesses (outside-in). The zero-degree endoscope and high-speed 
drill is utilized for the majority of the dissection.

For this approach, the initial step involves the creation of a mucosal flap overly-
ing the frontal beak, the frontal sinus floor, and the antero-superior septal window. 
Laterally the incision begins slightly anterior but at the level of the middle turbinate 
axilla. The incision is then carried superiorly onto the nasal roof and then brought 
down onto the anterior margin of the septal window. The septal incision is staggered 
by 0.5 cm relative to the lateral incision to prevent synechia formation. The septal 
incision is then brought down to the level of the upper one third and lower two thirds 
of the middle turbinate. The septal incision is then continued posteriorly to the ante-
rior face of the middle turbinate. The flap is then raised posteriorly into the olfactory 
cleft. A small emissary nerve is often seen initially and is distinguished from the 
first olfactory filament by its lateral origin. The first olfactory filament originates 
medially and is often more difficult to dissect given the sleeve of periosteum that 
surrounds it as it enters the olfactory fossa.
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An antero-superior septal window is then created, with the same boundaries 
mentioned earlier, to facilitate binostril access. Starting from the demucosalized 
frontal process of maxilla, dissection is continued laterally until the periosteum of 
the overlying skin is reached, and the procedure is repeated on the contralateral side. 
With the posterior (first olfactory filament) and lateral (periosteum of the frontal 
process of the maxilla) limits of the drill-out cavity now defined, bone removal 
between these landmarks can proceed rapidly without risk of iatrogenic skull base 
injury. The frontal sinus floor will appear in the midline, and transgression of the 
sinus mucosa should be avoided prior to complete bone removal to limit the expo-
sure of bleeding mucosa. Once the remaining bone is removed and frontal sinus 
floor is entered, the frontal sinuses can then be connected with the frontal recesses 
using Kerrison rongeurs. An angled endoscope can now be used to inspect the fron-
tal beak for any bony overhang, which should then be drilled down. Next, the inter-
frontal sinus septum is removed completely, and the final frontal neo-ostium is now 
achieved.

 Transcribriform

The transcribriform approach, also known as a transnasal endoscopic anterior cra-
niofacial resection (ACFR), is utilized for conditions such as esthesioneuroblasto-
mas and olfactory groove meningiomas as well as midline sinonasal tumors and 
encephaloceles. The surgical access provided by this approach is not sufficient for 
tumors which extend far lateral over the orbital roof or involve the lateral part of the 
frontal sinuses.

In this approach, the intranasal portion of the tumor is debulked to identify the 
attachment to the cribriform plate. A complete full-house functional endoscopic 
sinus surgery (FESS) (maxillary antrostomy, total sphenoethmoidectomy, and Draf 
IIa frontal sinusotomy) is then performed bilaterally followed by a transfrontal 
approach to define the anterior limit of the dissection. The superior nasal septum is 
then removed along the sagittal plane, from the sphenoid rostrum posteriorly to the 
crista galli anteriorly. Following this, the sphenoid rostrum and the intersphenoidal 
septum are resected. The anterior and posterior ethmoidal arteries are then identi-
fied, cauterized, and transected.

The fovea ethmoidalis, at the periphery of the tumor, is then drilled along the 
sagittal plane bilaterally. These osteotomies are joined in the coronal plane with 
both an anterior and posterior osteotomy, providing the following resection mar-
gins: posterior table of the frontal sinus anteriorly, planum sphenoidale posteriorly, 
and the lamina papyracea laterally. Care should be taken to not violate the underly-
ing dura while performing the osteotomies. The dura is then incised followed by 
mobilizing the crista galli. Following this, the falx cerebri is then identified and 
freed. Finally, the olfactory tracts are divided to deliver the tumor together with the 
anterior skull base en bloc. In certain cases, with small ipsilateral tumors, an ipsilat-
eral resection of the anterior skull base can be performed, with preservation of 
olfaction on the contralateral side.
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 Transsphenoidal

For the transsphenoidal approach consisting of the transplanum, transtuberculum, 
and transsellar routes, the approach can be divided into the nasal phase and the sel-
lar/tuberculum/planar phase. The nasal phase is similar for all these approaches.

For the nasal phase, the dissection first begins with out-fracturing of both inferior 
turbinates. Partial or complete middle turbinectomy, as required, is then performed, 
typically on the right side for a right-handed surgeon as this is the primary surgical 
corridor. The inferior half of the right superior turbinate is then resected followed by 
a posterior ethmoidectomy. The right sphenoid os is then identified, cannulated, and 
enlarged to the skull base superiorly and the medial orbital wall laterally. Next, the 
left superior turbinate is identified, and the inferior half of it is resected to allow for 
cannulation and enlargement of the natural sphenoid os which can be performed via 
a transnasal route so as to preserve the left middle turbinate. A posterior ethmoidec-
tomy is also performed on the left side.

A posterosuperior septal window is then performed, to allow for a binostril 
approach to the sella. The posterior half of the bony nasal septum (vomer, clival 
keel) is then resected in a submucosal plane while avoiding injury to the posterior 
septal artery which courses along the inferior edge of the natural sphenoid os and 
provides vascular supply to the nasoseptal flap, the workhorse flap in endoscopic 
skull base reconstruction. The intersinus sphenoid septum is then resected to form a 
common sphenoid cavity. The mucosa of the sphenoid sinus is removed, completing 
the nasal phase of the dissection.

If a CSF leak is likely, a right-sided nasoseptal flap (NSF) may be harvested at 
the outset with the inferior incision coursing along the choanal arch and extending 
anteriorly at the junction of the nasal septum and nasal floor. Superiorly, care is 
taken to ensure the incision spares the superior centimeter of the nasal septum to 
avoid any potential olfactory injury. The inferior and superior incisions are then 
joined anteriorly at the mucocutaneous junction of the nasal septum. The NSF is 
then raised in a subperichondrial/subperiosteal plane, mobilized and tucked into the 
nasopharynx for use during the reconstructive phase of the procedure.

Should additional flap width be required, the nasal floor and lateral nasal wall 
region can be incorporated by altering the course of the inferior incision. Once the 
inferior incision completes the posterior edge of the nasal septum, it is then contin-
ued laterally along the coronal plane just anterior to the hard-soft palate junction. 
The incision is then carried into the inferior meatus and onto the lateral nasal wall 
just beneath the insertion of the inferior turbinate. The incision is then carried ante-
riorly taking care to not violate Hasner’s valve. At the anterior head of the inferior 
turbinate, the incision is then carried medially in a coronal plane, just posterior to 
the maxillary alveolar process, and joined with the anterior incision at the mucocu-
taneous junction of the nasal septum.

If a CSF leak is less likely, the posterior septal artery and pedicle of the NSF can 
be inferiorly mobilized and thereby preserved in the event it is needed following 
tumor resection or revision surgery in the future. This maneuver has been coined the 
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term “rescue flap” and essentially involves fashioning the posterior portion of both 
superior and inferior incisions without raising the anterior most portion of the NSF 
until it is certain it will be needed. The inferior incision terminates just anterior to 
the posterior border of the nasal septum, and the superior incision delineates the 
inferior and anterior borders of the posterosuperior septal window. Both inferior and 
superior incisions are performed to maximize pedicle mobilization and bony expo-
sure of the sphenoid rostrum while minimizing the risk of flap tearing. In the event 
a NSF is deemed necessary, the incisions can be extended anteriorly and a tradi-
tional NSF with an intact vascular supply can be harvested.

 Transplanum/Tuberculum (Suprasellar)

The transplanum approach is often performed in combination with the transcribri-
form and transsellar approaches for tumors involving the cribriform plate or supra-
sellar tumors (craniopharyngiomas, giant pituitary macroadenomas, meningioma, 
epidermoid, and gliomas) (Fig. 13.2).

In this approach, the anatomical landmarks of the optic nerves, medial optico- 
carotid recesses, and the chiasmatic groove are first identified. The bone overlying 
the tuberculum is drilled down using a diamond burr. This should be done with 
copious irrigation to avoid thermal injury to the optic nerves, particularly over the 
chiasmatic groove. The anterior limit of the resection is the posterior ethmoid 
sinuses and cribriform plates, up to the extent of the tumor. The posterior limit is the 
tuberculum sellae or chiasmatic groove overlying the superior intercavernous/circu-
lar sinus.

Fig. 13.2 Sella, 
suprasellar pituitary 
macroadenoma. Enhancing 
T1-weighted sella, 
suprasellar mass
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With the underlying dura now exposed, two horizontal incisions are made in the 
dura, one above and the other below the superior intercavernous sinus. To widen the 
suprasellar space, the superior intercavernous sinus is exposed, coagulated, and 
transected. This provides adequate exposure of the pituitary stalk and optic chiasm. 
This concludes the planar/tuberculum phase of the dissection.

 Transsellar

The transsellar approach is indicated for cases of pituitary micro- or macroadenoma 
situated within the sellar region. Extended approaches such as the transplanum or 
tuberculum (suprasellar) approaches are required if tumors extend superiorly above 
the sella. For tumors which extend inferiorly below the sella, a transclival approach 
can be utilized.

In the transsellar approach, after completion of the nasal phase of dissection, the 
following anatomical landmarks are identified: bilateral optic nerves, optico-carotid 
recesses, and ICAs.

In the midline, the sella, planum, tuberculum, and clivus (Fig. 13.3) are identi-
fied. The sphenoid cavity is then further exposed by removing the accessory septa-
tions within it, either using a diamond burr or through-cutting forceps. Next, the 
floor of the sphenoid is then lowered with a cutting burr to obtain adequate access 
to the sella. The anterior face and floor of the sella are then thinned out with a dia-
mond burr until the bone is eggshell thin. The remaining thin bone is then removed 
with a Kerrison rongeur. An adequate exposure of the sella will allow us to identify 
the four blues, namely, the superior and inferior intercavernous sinuses and the cav-
ernous sinuses on either side.

Fig. 13.3 Endoscopic 
view of the planum, 
tuberculum, sella, and 
clivus
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Fig. 13.4 U-shaped 
dural flap

With the sella exposed, the dura can be seen, comprised of two layers, the men-
ingeal layer and the endosteal layer. The meningeal layer envelopes the brain and 
forms the diaphragm sellae, while the endosteal layer forms the periosteum of the 
sphenoid bone. The dura is then incised to expose the capsule of the pituitary gland. 
The incision can be cruciate in shape or U-shaped to create a flap (Fig. 13.4). This 
concludes the sella phase of the dissection.

 Transclival

The clivus extends from the dorsum sellae to the foramen magnum, and it is divided 
into three parts:

• Upper clivus—extends from the dorsum sella to the floor of the sella
• Middle clivus—extends from the floor of the sella to the floor of the sphe-

noid sinus
• Lower clivus—extends from the floor of the sphenoid sinus to the fora-

men magnum

Depending on the portion of clivus involved, the transclival approaches can be 
divided into superior, middle, and inferior approaches. For all three transclival 
approaches, the nasal phase of the dissection is the same except for the NSF. Instead 
of tucking the NSF into the nasopharynx as for other skull base approaches, a wide 
maxillary antrostomy is performed on the side of the harvested NSF so that the flap 
can be stored in the maxillary sinus for use during the reconstructive phase of the 
procedure. This will ensure that the flap does not obstruct the surgical corridor dur-
ing the course of the transclival approach.
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 Superior Clival Approach

The superior clival approach provides direct access to the brainstem and vertebro-
basilar arterial system and is indicated for tumors situated in these regions, such as 
meningiomas, chordomas, craniopharyngiomas, chondromas, and 
chondrosarcomas.

In this approach, the floor of the sphenoid is drilled down to the level of the cli-
vus, and the bone over the sella and tuberculum is drilled until eggshell thin and 
removed. This will reveal the underlying dura where the endosteal layer of the sella 
dura is incised along the floor of the sella and a U-shaped flap is elevated. The pitu-
itary gland can be mobilized and transposed to access the upper clivus and posterior 
clinoids. Preservation of pituitary function can still be achieved despite the transpo-
sition [3, 4]. It is worth mentioning that the intradural transposition of the pituitary 
gland is no longer performed as it is associated with a high incidence of gland dys-
function. Interdural transcavernous exposure of the posterior clinoid process, with 
the gland still enveloped by the meningeal layer of dura, is now performed instead.

As popularized by the Pittsburgh group, the en bloc transposition technique [4], 
where the gland is completely transposed from the fossa, is achieved by resecting 
the lateral ligaments which anchor the gland to the cavernous sinus. It should be 
noted that the primary blood supply to the pituitary gland is the superior hypophy-
seal artery, and this should be preserved during the transposition. The inferior 
hypophyseal artery and ligaments are resected, and the same procedure is repeated 
on the contralateral side.

The dorsum sella located between the posterior clinoid processes is now 
exposed. The dorsum sella is then drilled down until the dura is exposed. The 
underlying dura is then excised, taking care to not injure the underlying basilar 
artery. Next, the posterior clinoid processes on both sides are drilled and removed, 
taking care not to injure the oculomotor nerves and the ICAs which are in close 
proximity.

 Middle Clival Approach

In this approach, the middle third of the clivus is removed. First, the floor of the 
sphenoid is drilled down to the level of the clivus. At this level, the paraclival ICA 
lies laterally, and this will serve as the lateral extent of the dissection. Utilizing the 
anatomical landmarks of the Vidian canal [5] as well as following the floor of the 
sella laterally can facilitate the identification of the paraclival ICA.

Once the overlying mucosa of the clivus is removed, the middle third of the cli-
vus (clival recess), between the sella superiorly and sphenoid floor inferiorly, is 
drilled down. Brisk bleeding may occur as the basilar venous plexus is encountered. 
This can be controlled with hemostatic agents such as Surgicel or Floseal. Care 
should also be taken to avoid injuring cranial nerve VI as it lies at the level of the 
paraclival carotids in Dorello’s canal. For additional exposure, the pharyngeal fascia 
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Fig. 13.5 Clival 
chordoma. T1-hypointense 
extra-axial cystic clival 
chordoma (green arrow)

and clival bone inferior to the sphenoid sinus can be removed as well. This might be 
required for certain clival chordomas (Fig. 13.5) which span both the middle and 
lower clivus.

 Lower Clival Approach

In this approach, the vomer is drilled down to the level of the hard palate. The 
mucosa overlying the lower clivus is removed, preferably with a Coblator as bleed-
ing can be brisk. With the mucosa removed, the underlying longus capitis and lon-
gus colli muscles are exposed. The buccopharyngeal fascia is then incised, and the 
longus capitis and longus colli muscles are dissected to expose the basisphenoid and 
basiocciput. The bone is then drilled away, taking care not to injure the petrous ICA 
laterally. The inferior limit of the dissection is formed by the arch of the atlas.

 Transodontoid

The transodontoid approach may be utilized for conditions involving the craniover-
tebral junction, such as clival chordomas, meningiomas of the foramen magnum, or 
conditions affecting the upper cervical spine such as pannus formation, fracture of 
the odontoid process, and tumors of the upper cervical spine [6–8].

In this approach, dissection is commenced similar to the lower clival approach. 
However, the inferior limit of exposure in this approach is the body of C2. Having 
removed the clival bone to the inferior margin at the foramen magnum, the anterior 
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ring of the C1 vertebra is visualized and drilled down. Care should be taken not to 
expose the condyle joint laterally as this is associated with an increased risk of 
infection. To avoid this, it is recommended that the bony opening is further enlarged 
laterally using the Kerrison rongeur, instead of drilling.

The odontoid process is now exposed, and it is removed from a superior to infe-
rior direction, starting from the tip. This is to avoid detaching the neck of the odon-
toid inadvertently, leaving behind a free-floating tip still attached to the apical and 
transverse ligaments.

 Coronal Plane

 Medial Supraorbital

The medial supraorbital approach, also known as supramedial orbitotomy, is indi-
cated for anterior skull base tumors which extend laterally over the orbital roof. 
Common tumors in this region include sinonasal tumors with lateral dural exten-
sion, fibro-osseous tumors, and meningiomas.

In this approach, an ipsilateral full-house FESS is first performed. Following 
that, the lamina papyracea is fractured and removed up to the skull base, exposing 
the underlying periorbita. Next, the anterior and posterior ethmoidal arteries are 
identified, cauterized, and transected. The periorbita is then freed from the orbital 
roof. Should there be a need for access to the lateral aspect of the orbital roof, this 
can be achieved by resecting the superior nasal septum so that a binostril approach 
can be utilized to improve the angle of reach.

 Transorbital

The indications for the transorbital route to address orbital pathology have expanded 
over the years [9]. Common lesions which can be addressed via this approach 
include mucocele, meningioma, optic nerve glioma, and hemangioma. This 
approach may be extraconal or intraconal. Lesions which are sited lateral to the 
neuronal axis, however, are an absolute contraindication to this approach.

In this approach, similar to the medial supraorbital approach, an ipsilateral full- 
house FESS is first performed. Following that, the lamina papyracea is removed, 
exposing the underlying periorbita which is then incised with a sickle knife. To 
avoid transecting the medial rectus muscle, the incision should be made parallel to 
the direction of the muscle. If intraconal dissection is required, this is performed 
between the medial and inferior recti. To further facilitate intraconal dissection, 
external retraction of these muscles can be done via an external transconjunctival 
approach.
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Pertinent anatomical structures run within the intraconal space, and knowledge 
of their location will keep us from injuring it inadvertently. The nerve supply to the 
muscle runs on the deep surface of the muscles, and the optic nerve is located super-
olaterally, while the retinal artery is inferior to the optic nerve.

 Transpterygoid

The transpterygoid approach is the shared first step in accessing the surgical mod-
ules in the middle coronal plane. When performed alone, it provides access to the 
lateral recess of the sphenoid sinus. Common conditions involving the lateral recess 
include meningoceles, cerebrospinal fluid leaks, meningiomas, and schwannomas 
arising from the Vidian nerve, V2, and V3.

When performed to access the modules in the middle coronal plane, the 
transpterygoid approach serves to localize the petrous ICA and provides access 
to the anterior skull base both superior and inferior to the petrous ICA. In this 
approach, a wide maxillary antrostomy is performed, followed by a complete 
sphenoid- ethmoidectomy. The antrostomy can be converted to an endoscopic 
medial maxillectomy should access to the inferior aspect of the posterior max-
illary wall be needed. This involves resection of the middle third of the inferior 
turbinate in addition to the adjacent medial maxillary wall until the nasal floor. 
The antrostomy can be extended further anteriorly via an endoscopic Denker’s 
procedure or prelacrimal recess approach in order to augment visualization and 
surgical access to the anterolateral wall of the maxillary sinus, lateral compart-
ment of the pterygopalatine fossa and the infratemporal fossa. The latter 
involves creating a bony window at the level of the pyriform aperture while 
preserving the distal portion of the nasolacrimal duct (NLD). The window can 
then be closed at the conclusion of the procedure by reapproximating the 
mucosa overlying the inferior turbinate with the anterolateral nasal wall. The 
former involves sacrificing the NLD as well as the remainder of the lateral 
nasal wall.

Next, the sphenopalatine arteries are identified at the sphenopalatine foramen, 
cauterized, and transected. The posterior maxillary wall is then taken down which 
exposes the underlying fascia of the pterygopalatine fossa. The boundaries of 
resection are the perpendicular plate of palatine bone medially, junction of the 
lateral and posterior wall laterally, and the orbital process of the palatine bone 
superiorly. When incising the fascia, care should be taken to not injure the under-
lying branches of the internal maxillary artery (IMA). Vascular structures (the 
IMA and its branches) are traditionally located inferomedially, whereas neural 
structures (V2, sphenopalatine ganglion) are located posterosuperiorly. The IMA 
is often buried in the fat of the pterygopalatine fossa. Pulsations may be seen 
which can help to identify the IMA.  Should the vessel not be immediately 
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identified, the pterygopalatine fossa can be defatted using a suction coagulator or 
bipolar cautery on a low setting. The IMA is then teased out with a blunt instru-
ment, ligated with surgical clips, and divided at the midpoint of the posterior 
maxillary wall.

The contents of the pterygopalatine fossa are then dissected and displaced 
laterally to expose the base of the pterygoid bone. Relevant anatomical structures 
in this dissection include the Vidian (pterygoid) canal as well as the infraorbital 
nerve. The Vidian canal and the foramen rotundum are located inferolateral and 
superolateral to the lateral recess of the sphenoid sinus respectively. The foramen 
rotundum can be identified by tracing the infraorbital nerve proximally from 
along the orbital floor to the foramen rotundum. The intervening bone between 
the Vidian canal and foramen rotundum is then removed to expose the lat-
eral recess.

 Considerations in Pediatric Patients

While the principles of adult endoscopic skull base surgery are still applicable to 
pediatric patients, there are certain distinctive features of pediatric patients which 
should be recognized and addressed as these would affect the outcomes of the 
surgery.

 Size and Tight Working Spaces

Naturally, the smaller anatomical dimensions in children will limit the working 
space. Firstly, the pyriform aperture is smaller. This can limit instrumentation which 
will necessitate the use of a smaller, 2.7 mm rigid scope. Banu et al. [10] found that 
the pyriform aperture increases in size with age from 6.7 mm in the 2–4 years age 
group to 8.3  mm in the 14–16  years age group. By downsizing the rigid scope, 
Tatreau et al. [11] found that the pyriform aperture may only limit surgical access in 
patients younger than 2 years of age. Care should be taken not to damage the bony 
pyriform aperture as it has been found to aid in the development of the upper mid-
face in the first 10 years of life [11].

Next, the dimensions of the nasal cavity will also be smaller in pediatric 
patients, and the turbinates within the already reduced dimensions of the nasal 
cavity may further restrict access. This can be overcome by out fracturing the 
inferior turbinates as well as performing either partial or complete middle turbi-
nectomies. Once surgical access has been enlarged, the pediatric 2.7 mm rigid 
scope can then be upsized to an adult 4 mm rigid scope which offers improved 
lighting and optics.
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 Pneumatization of Paranasal Sinuses

 Sphenoid Sinus

The pneumatization of the paranasal sinuses should also be taken into consideration 
in the surgical approach. The sphenoid sinus, which serves as the epicenter of skull 
base surgery, may be pneumatized to various degrees depending on the age of the 
child. Pneumatization of the sphenoid sinus begins at the age of 1, and then rapid 
growth occurs between the age of 3 months and 5 years [12]. An adult-sized sphe-
noid sinus is reached by approximately 12 years of age [13, 14]. Limited pneumati-
zation of the sphenoid sinus greatly increases the difficulty of establishing a working 
corridor, in view of the lack of landmarks such as the ICA and the optico-carotid 
recesses as well as the presence of cancellous bone which bleeds considerably when 
drilled. Nonetheless, these challenges can be overcome gradually with experience 
and with the assistance of an intraoperative image guidance system [15].

In addition, one should be mindful of the reduced distance between the nares and 
the sella in pediatric patients. This distance has been shown to increase by 15 mm 
from age 2 to the age 16 [10]. The intercarotid distance is another important ana-
tomical consideration as it limits the size of the surgical window. The intercarotid 
distance has been shown to be significantly smaller in patients younger than 6 years 
of age as compared to adults (10.2 mm vs. 12.6 mm), but this difference becomes 
insignificant after 9 years of age [11]. A minimal intercarotid distance of 10 mm is 
generally required for performing transsphenoidal approaches safely.

 Ethmoid Sinus

The ethmoid sinus is present from birth and is fully developed by age 1–3 years 
[12]. Care should be taken when performing ethmoidectomy. Interestingly, the 
majority of pediatric patients have a Keros Type I configuration of the olfactory 
fossa, making it less likely for the anterior skull base to be injured unintentionally.

 Maxillary Sinus

The maxillary sinus is also present from birth, and it expands most rapidly trans-
versely and vertically between 1 year and 8 years of age and between 1 year and 
5 years of age, respectively [12].

 Frontal Sinus

The frontal sinus is absent at birth and is the last paranasal sinus to develop. It is 
only visible from 6 years of age and reaches adult configuration by 16 years of 
age [13].
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 Craniocervical Junction

The distance between the nares and the odontoid process, in the pediatric age group, 
can vary by up to 19 mm as they mature [10]. Youssef et al. [16] have found that in 
about two thirds of pediatric patients, the inferior limit of the endoscopic transnasal 
approach is the upper one third of the odontoid process, while the remaining third 
may reach the inferior third. It is prudent to assess the level of the nasopalatal line 
preoperatively in a transodontoid approach. Should the transnasal route be inade-
quate, the transoral approach with retraction of the soft palate may be required to 
facilitate surgical access.

 Reconstruction of the Skull Base and Postoperative Care

The size and reach of the NSF is occasionally a concern, particularly for defects 
which are very anterior and extensive or involve coverage of posterior fossa skull 
base defects [17, 18]. Firstly, the growth of the cranial vault precedes that of the 
facial growth, which then limits the reach of the flap, especially for children under 
10  years of age. Secondly, it can be challenging to harvest the NSF due to the 
reduced size of the nasal cavity. However, this can be facilitated by resecting the 
middle turbinate which will increase the working space.

Postoperative debridement is a critical step in optimizing the postoperative 
course of patients undergoing endoscopic skull base procedures. Postoperative syn-
echia, surgical site infection, sinus outflow obstruction, iatrogenic chronic sinusitis, 
and NSF failure resulting in CSF leak are all examples of postoperative complica-
tions that can be recognized and potentially avoided with serial postoperative endo-
scopic debridements in an office setting under local anesthesia. In-office 
postoperative debridements are generally well tolerated by adult patients, but this 
may be unattainable in pediatric patients. A pediatric patient’s tolerance of postop-
erative debridement can often be predicted based on their tolerance of the preopera-
tive nasal endoscopy and their age. A postoperative debridement and “second look” 
procedure under general anesthesia should be planned for patients less than 6 years 
of age and for those unable to tolerate preoperative nasal endoscopy. Depending on 
the child’s age and level of maturity, in-office debridement can occasionally be per-
formed in much the same way as adult patients.

 Discussion

The various anterior skull base approaches have been presented. Each of these 
approaches is guided by the various anatomical bony, vascular, and neural land-
marks. The sphenoid sinus forms the epicenter of these approaches, both in the 
sagittal and coronal planes, and naturally is the starting point of these approaches. 
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Depending on the size and site of the anterior skull base tumor, a combination of 
these surgical approaches may be required.

The ICA remains the most important structure in all of these approaches as it is 
the main limiting factor determining the extent of access in these approaches. 
Pediatric patients have their attendant distinctive anatomical differences to adults, 
which makes the surgical approaches more challenging. However, the general prin-
ciples still apply, and these challenges can be overcome by firstly recognizing these 
challenges in our preoperative preparation and utilizing image guidance to aid us 
during the dissection.

 Conclusion

The anterior skull base consists of multiple distinct anatomical regions. The surgical 
approaches to the anterior skull base can be classified into the various anatomical 
modules, oriented in the sagittal and coronal planes. With the sphenoid sinus as the 
epicenter, it forms the starting point for these surgical approaches. A combination of 
these surgical approaches may be needed, depending on the size and site of 
the tumor.
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Chapter 14
Traumatic and Iatrogenic CSF Leaks

Tina C. Huang

Cerebrospinal fluid leaks of the temporal bone are fairly uncommon and can be 
secondary to trauma, iatrogenic injury, and spontaneous leaks.

 Temporal Fracture

Skull fractures comprise a small percentage of all head injuries and temporal bone 
fractures an even smaller percentage of those. Cannon et al. reported that 9% of all 
admitted head injuries had skull fractures with temporal bone fractures comprising 
22% of those [1]. Another report found that for admitted head trauma, temporal 
bone fractures comprised 4.7% of all skull fractures and 35.9% of all skull base 
fractures [2]. A review from 2008 reported that 4–30% of admitted head injuries had 
skull base fractures with 18–40% of those with temporal bone fractures [3].

The classification scheme for temporal bone fractures has also changed over 
time. Previously, fractures were classified as either longitudinal, occurring parallel 
to the long axis of the temporal bone, or transverse, perpendicular to the long axis 
of the temporal bone. This resulted in the vast majority, 80–90% of fractures, being 
classified as longitudinal with 10–20% classified as transverse. However, many of 
the fractures did not follow either of those classifications and were then classified as 
mixed or oblique. Dahiya et al. reviewed their series of all admitted trauma with 
69% having a closed head injury, 10.9% with a basilar skull fracture, and 4.3% with 
a temporal bone fracture. They proposed a new classification with fractures being 
classified as either otic capsule-sparing or otic capsule-violating as they found no 
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a b

Fig. 14.1 (a) CSF leak from blunt trauma 10 years prior without meningitis (CT). (b) CSF leak 
from blunt trauma 10 years prior without meningitis (MRI)

true transverse fractures and only 38% were longitudinal with the rest having a 
mixed picture. The otic capsule-violating fractures had a much higher risk of facial 
nerve injury, sensorineural hearing loss, and CSF leak with a four times higher risk 
of CSF leak than otic capsule-sparing fractures [4]. Otic capsule-violating fractures 
were also the most predictive of significant injury [3].

The rate of CSF leak due to a temporal bone fracture ranged from 8.5 to 25% and 
presented as CSF otorrhea [5–7]. Alvi et al. reported that the most common cause of 
CSF otorrhea was injury which accounted for up to 3.6% of all hospitalized head 
injury, 6% of which were basilar skull fractures and 25% of which were temporal 
bone fractures. Ninety percent of the leaks stopped with conservative measures (bed 
rest, elevated head of bed, activity restrictions) [8]. Brodie et al. also found that 95% 
of the leaks stopped within 1 week with conservative measures. However, those that 
persisted longer than 7 days incurred a higher risk of meningitis [7] (Fig. 14.1a, b). 
For the leaks that did not stop with conservative measures, 7% stopped with lumbar 
drain placement, and an additional 10% did require surgical repair [9]. For those 
patients that required surgical repair, the approach was either middle fossa, trans-
mastoid, or a combined approach. The success rate improved with support of a pri-
mary closure using either alloplastic or autologous grafts and may be even more 
successful with multilayered graft usage [9, 10]. For patients with persistent CSF 
leaks due to otic capsule-violating fractures, translabyrinthine repair or subtotal 
petrosectomy with mastoid obliteration was performed [11, 12].

 Penetrating Trauma

A recent systematic review found that penetrating trauma comprised only 3% of 
temporal bone fractures and that they consist primarily of gunshot wounds (GSW). 
Gunshot wounds can be classified into those caused by low-velocity projectiles 
(<1000 m/s) and high-velocity projectiles (>1000 m/s) [13]. There is a high rate of 
cranial nerve injury, CSF leak, and vestibular and sensorineural hearing loss associ-
ated with such trauma. Facial nerve injury occurs in up to 50% of the injuries [14]. 
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Fig. 14.2 (a) GSW with tegmen defect (CT axial). (b) GSW with tegmen defect (CT coronal)

CSF leak as a complication ranged from 8 to 12% [13]. With the increased avail-
ability of guns in the United States beginning in the 1970s, the incidence of low- 
velocity gunshot wounds began to increase. In a series of patients from 1989 to 
1993, 25% of all missile injuries to the head and neck had temporal bone injury with 
20% mortality. While CSF leak is not specifically mentioned, almost half of the 
injures were associated with intracranial injuries [15]. A literature review from a 
similar time period found 12 cases of GSW with facial nerve injury being the most 
common injury with a rate of 75% and 1 case of CSF otorrhea although dural repair 
was performed in 4 patients. Vascular injuries and hearing loss were also common 
[16]. A slightly earlier series from 1975 to 1984 found 22 cases with a 9% CSF leak 
rate [17]. The prevalence of gun violence had even begun to be noticed in the 1970s 
as a study from 1967 to 1978 identified 35 survivors of penetrating missile injuries, 
all of which were GSW [18]. Treatment of the injuries consisted of surgical inter-
vention in all series ranging from middle ear exploration/tympanoplasty to mastoid 
obliteration (Fig. 14.2a, b).

 Iatrogenic Injury

The incidence of CSF leak after iatrogenic injuries is higher than that for traumatic 
injuries. While the majority of the literature focuses on postoperative leaks after 
skull base surgeries, leaks and fistulas can occur after mastoid surgery as well 
(Fig. 14.3a, b). Wooten et al. had only a 1% rate of CSF leak after otologic surgery 
which rose to 33% if the patient had one prior surgery and 66% after multiple sur-
geries, and Feenstra et al. found that 74% of the patients requiring surgical treat-
ment of temporal bone CSF leaks were due to iatrogenic causes but did not specify 
whether this included lateral skull base approaches whereas only 11% were second-
ary to trauma [19, 20]. Fifty-eight percent of patients required repair via a mastoid 
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a b

Fig. 14.3 (a) Iatrogenic CSF leak after canal wall down mastoidectomy (CT). (b) Iatrogenic CSF 
leak after canal wall down mastoidectomy (MRI)

approach only, 42% required a combined middle fossa and transmastoid approach, 
and 17% had a recurrent leak after repair [19]. A similarly high percentage of iatro-
genic injury (67%) was the cause of patients requiring a combined middle fossa and 
transmastoid repair of CSF leak [21]. Interestingly, another study found that only 
6.8% of the leaks requiring surgical repair were iatrogenic, whereas 21.4% were 
due to trauma [22].

CSF leak rates after vestibular schwannoma surgery range from 3 to 17% [23–
38]. The middle fossa approach appears to have the lowest risk with rates ranging 
from 0 to 3% [25, 26]. Retrosigmoid approach rates ranged from 5.6 to 17% [27–30, 
32, 36], and translabyrinthine rates were similar or slightly higher [23, 24, 33]. The 
leaks were primarily CSF rhinorrhea with the retrosigmoid approach versus an inci-
sion/flap leak in a higher percentage with the translabyrinthine approach [32, 38]. 
Several studies have found that increasing body mass index is associated with 
increasing rates of CSF leak [23, 34].

The majority of leaks were resolved with lumbar drain placement (LD) with 
100% of the middle fossa leaks controlled with LD [25, 28, 32, 35, 38]. Leaks origi-
nating at the incision or under the flap were all controlled with either oversewing 
plus replacement of the dressing or LD [32]. For leaks requiring surgical interven-
tion, there was found to be no difference in success rate with graft material or with 
single-layer versus multi-layer closure [22, 28]. However, bone wax alone as an 
intervention had a 38% rate of failure [31].

Several authors found that their leak rates decreased over time which was 
attributed to a change in technique with closure such as removing residual air 
cells, waxing residual air cells, packing with abdominal fat, and using a Palva flap 
and a change in surgical approach [24, 27, 38]. There was only one group who had 
an increased rate over time which was attributed to increased removal of the lat-
eral bone over the internal auditory canal with exposure of pericanalicular air 
cells [31].
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In summary, CSF leaks of the temporal bone and lateral skull base, whether 
caused by traumatic or iatrogenic injury, can often resolve with conservative mea-
sures. However, a minority will require surgical repair, often with combined 
approaches or obliteration. The leaks typically present within the first week of 
injury, but those which present later are at increased risk for the development of 
meningitis and other complications.
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Chapter 15
Spontaneous CSF Leaks 
and Encephaloceles

Joe Walter Kutz Jr.

 Introduction

Spontaneous cerebrospinal fluid (sCSF) leaks and encephaloceles of the temporal 
bone are uncommon causes of hearing loss, middle ear effusion, tympanostomy 
tube otorrhea, meningitis, and, rarely, seizures. The risks factors for sCSF leaks 
include obesity, idiopathic intracranial hypertension, and obstructive sleep apnea 
[1–3]. With the increasing incidence of obesity in the United States, sCSF leaks are 
becoming more common [2]. Because other conditions such as eustachian tube dys-
function and chronic otitis media more commonly cause these symptoms, diagnosis 
is often delayed by months and sometimes years. Delayed diagnosis should be 
avoided since a sCSF leak places the patient at risk for meningitis, although the 
incidence of meningitis has not been determined. This chapter will review the pre-
sentation, risk factors, radiographic findings, and management of sCSF leaks and 
encephaloceles of the temporal bone.

 Presenting Signs and Symptoms

Patients with sCSF leaks most commonly present with a chronic middle ear effu-
sion. Initial treatment by their primary care physician or otolaryngologist is directed 
towards eustachian tube dysfunction and may include oral steroids, nasal steroid 
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sprays, and antihistamines. The diagnosis is often suspected once medical manage-
ment fails, a tympanostomy tube is placed, and the patient develops copious, clear 
otorrhea. The patient with a sCSF leak and a tympanostomy tube or perforation will 
describe soaking cotton balls and noticing spotting on their pillow when sleeping. 
The fluid can be collected and sent for beta-2 transferrin; however, the history of 
copious clear otorrhea and supporting imaging can usually make a definitive diag-
nosis of a sCSF leak without laboratory confirmation.

There are subtle differences between a middle ear effusion related to eustachian 
tube dysfunction and CSF in the middle ear space. Chronic serous otitis media usu-
ally appears amber in color compared to the clear appearance of CSF. Serous otitis 
media is often associated with a retracted tympanic membrane, which is uncommon 
with a CSF effusion. If CSF is suspected, a 1 cc syringe and 25-gauge needle can be 
used to aspirate the middle ear fluid and sent for beta-2 transferrin. A positive beta-2 
transferrin is diagnostic for CSF.

In our study of patients presenting with sCSF leaks, 12.5% presented with a his-
tory of meningitis [4]. The incidence of meningitis in the setting of a sCSF leak or 
encephalocele is unknown; however, this is often the primary reason to repair the 
defect causing the leak. Once a diagnosis of a sCSF leak is made, the patient should 
be informed about the signs and symptoms of meningitis. The patient should be 
vaccinated against streptococcus pneumoniae, which includes both the pneumococ-
cal conjugate vaccine (PCV13) and the pneumococcal polysaccharide vaccine 
(PPSV23). The patient should be counseled to avoid nose blowing and to sneeze 
with their mouth open to prevent possible pneumocephalus.

Temporal bone encephaloceles are a rare cause of seizures. We have repaired 
three encephaloceles that presented with seizures (unpublished data) without an 
active CFS leak, and none of the patients continued to have seizures after repair of 
the encephalocele.

A thorough history should inquire about the possibility of multiple simultaneous 
leaks. In patients with extremely elevated CSF pressure, simultaneous leaks may 
occur from different anatomical areas such as the temporal bone and the anterior 
skull base or bilateral temporal bone. Schwartz et al. reported a 3.8% incidence of 
simultaneous leaks from different anatomical sites. These patients were more likely 
to be morbidly obese (mean BMI 46.2 kg/m2 vs. 31.5 kg/m2), African American, 
and female [5].

 Risk Factors for sCSF Leaks

It is important to elicit risk factors and treat conditions that increase the risk of 
developing a sCSF leak or encephalocele. Conditions that cause chronically ele-
vated intracranial pressure include obesity, obstructive sleep apnea, and idiopathic 
intracranial hypertension. If these conditions are not recognized and treated after 
repair, recurrent leaks are common.
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 Role of Obesity

Most, but not all, patients who present with sCSF leaks are obese, as defined by a 
body mass index (BMI) of ≥30 kg/m2. In a series of 50 patients with sCSF leaks, 
70% were obese with a mean BMI of 35.0 kg/m2, and 32% had a BMI ≥40 kg/m2 [4].

It is thought obesity causes increased intracranial pressure by the following 
mechanism. Obesity causes increased abdominal pressure that leads to increased 
lung intrapleural pressure. This in turn decreases cardiac filling, decreases venous 
return, and increases intracranial venous pressure [3].

Weight loss has been shown to decrease intracranial pressure, so referral for 
weight loss or bariatric surgery should be considered in patients that are morbidly 
obese [6].

 Idiopathic Intracranial Hypertension

Idiopathic intracranial hypertension is a risk factor for the development of sCSF 
leaks and encephaloceles [7, 8] Obesity and obstructive sleep apnea are risks factors 
for elevated CSF pressure [9]. Signs and symptoms of IIH include headaches, blurry 
vision, nausea, neck stiffness, and dizziness [10]. Untreated, IIH can lead to perma-
nent vision loss [10]. Papilledema is common in the setting of IIH; however, papill-
edema does not occur in the setting of an active leak [11]. Lumbar puncture is used 
to make a definitive diagnosis. An opening pressure greater than 25  mm/H2O is 
diagnostic of IIH [12].

 Obstructive Sleep Apnea

Obstructive sleep apnea (OSA) has been associated with a higher incidence of sCSF 
leaks. Nelson et al. found the rate of OSA in patients with sCSF leaks to be 14.8% 
nationally and 37.1% at their institution [2]. A systematic review investigating the 
association between OSA and sCSF leaks by Bakhsheshian et  al. concluded an 
overall prevalence of OSA of 16.7% in patients with cSCF leaks. They estimate the 
odds of having OSA in a patient with a sCSF leak to be 4.73 times higher than con-
trols [1].

Obstructive sleep apnea causes apneic episodes that result in hypoxia and hyper-
capnia, which leads to cerebral vasodilation and transient increased in intracranial 
pressure [9]. This cycle of increased intracranial pressure may lead to a sCSF leak.

One may argue obesity has a higher risk of both sCSF leaks and OSA, so an 
independent association of OSA and sCSF leaks may be present since both condi-
tions are more commonly seen in obese patients. However, Nelson et  al. 
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demonstrated that obese patients with sCSF were 13.7 times likely to have a sCSF 
leak than a similar control group of obese patients with a cochlear implant [13].

 Congenital Defects

Congenital defects occur when there is an abnormal communication between the 
arachnoid space and the air-containing space of the temporal bone. The most com-
mon defects encountered include a persistent Hyrtle’s fissure and defects in the 
stapes footplate. Often the inner ear will be abnormal with an open cochlear apera-
ture and incomplete partition of the cochlea. Careful review of the CT may show 
soft tissue around the footplate that represents soft tissue protruding through the 
footplate [14].

 Workup

Most often a CSF leak of the temporal bone presents with a unilateral effusion or 
copious otorrhea after placement of a tympanostomy tube. A history of copious 
otorrhea is often enough to diagnose a sCSF leak; however, in the case of a unilat-
eral effusion or intermittent otorrhea, laboratory testing and imaging may be 
necessary.

 Laboratory Findings

If a CSF leak is suspected, fluid can be sent for beta-2 transferrin, which has 97% 
sensitivity and 99% specificity for CSF [15]. A tympanocentesis can be performed 
to collect fluid through an intact tympanic membrane or collected if otorrhea is 
occurring through a tympanostomy tube or perforations. Occasionally, not enough 
fluid is present to collect and send for laboratory analysis, but if the history, exam 
findings, and radiographic findings are convincing, beta-2 transferrin confirmation 
of a CSF leak may not be necessary.

 CT

High-resolution, fine-cut CT of the temporal bone and skull base is the best initial 
radiographic study to identify the location of a CSF leak (Fig. 15.1a–c). The most 
common locations are along the tegmen tympani and tegmen mastoideum, which 
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a b

c d

Fig. 15.1 (a) Coronal CT showing an encephalocele (*) contacting the ossicles. (b) Coronal CT 
with arrow pointing to superior semicircular canal dehiscence in the setting of an encephalocele 
(*). (c, d) Axial CT showing a less frequent defect of the petrous apex. T2-weighted MRI showing 
a meningocele of the petrous apex

are best visualized using a coronal CT scan. Less common locations for a leak 
include the posterior fossa plate and the petrous apex. Wick et al. reported that 5.6% 
of sCSF leaks originating from the temporal bone were from the posterior fossa 
[16]. Axial CT should be viewed to evaluate for leaks in these less common loca-
tions. At our institution, we reported multiple defects in 52.7% of patients with 
sCSF leaks. Because multiple leak sites are common, reviewing both coronal and 
axial scans is necessary for all cases [4]. CT also allows accurate evaluation of the 
superior semicircular canal, which was found to be dehiscent in 12.5% of patients 
with sCSF leaks in our series [4].
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 MRI

If CT shows the location of the defect(s), a MRI may not be necessary. MRI is most 
useful to confirm the presence of an encephalocele. A heavily weighted, fine-cut T2 
image in the coronal plane will often show an encephalocele that will be hypoin-
tense against the hyperintense background of the CSF fluid (Fig. 15.1d). MRI cis-
ternogram imaging may be useful for cases when a CSF leak is suspected on history 
and CT imaging, but more information is needed. MRI is also useful in the evalua-
tion of findings associated with IIH including an empty sella, flattening of the pos-
terior optic globe, tortuous optic nerves, and stenosis of the transverse sinuses [17].

 Long-Term Follow-Up and Management

The underlying cause of the cerebrospinal fluid leak should be determined. A lum-
bar puncture 4–6 weeks after surgery with measurement of opening cerebrospinal 
fluid pressure and a sleep study testing for obstructive sleep apnea should be 
obtained. If a lumbar puncture is obtained before repair of the CSF leak or too soon 
after repair of the leak, the opening pressure may be falsely low. If the lumbar punc-
ture opening pressure is greater than 25 mm/H2O, treatment for idiopathic intracra-
nial hypertension should be considered. Opening pressure between 20 and 25 mm/
H2O is borderline elevated, and referral to neurology or neuro-ophthalmology 
should be considered. Idiopathic intracranial hypertension is typically treated with 
acetazolamide, topirimate, or a ventriculoperitoneal shunt in cases that do not 
respond to medical management.

If the sleep study shows obstructive sleep apnea, treatment should be initiated.

 Meningitis Risk

The incidence of meningitis before and after repair of the cerebrospinal fluid leak 
has not been established but would be expected to be higher before surgical repair. 
The Centers for Disease Control and Prevention recommends both the pneumococ-
cal conjugate vaccine (PCV13) and the pneumococcal polysaccharide vaccine 
(PPSV23) for patients with cerebrospinal fluid leaks. (Available from: https://www.
cdc.gov/vaccines/vpd/pneumo/hcp/recommendations.html.)

In certain situations, a patient may decline surgical repair for personal or health 
reasons and must be informed about the risk of meningitis. Rao and Redleaf reported 
on nine patients with spontaneous cerebrospinal fluid leaks or encephaloceles who 
did not undergo surgical repair or had persistnet leakage after repair with a follow-
 up time between 6 and 132 months, and none of these patients developed meningitis 
during the observationn time. In addition, they reported on ten patients with 
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encephalcoeles and an infected mastoid who did not undergo repair, and none devel-
oped meningitis [18, 19].

Although the incidence of meningitis has not been established, patients with 
skull base defects do present with meningitis, so meningitis precautions should be 
discussed with the patient during the initial visit and during subsequent visits.

 Conclusions

sCSF leaks and encephaloceles are an uncommon but important cause of chronic 
otorrhea or a middle ear effusion. If the fluid tests positive for beta-2 transferrin, the 
diagnosis is confirmed. A high-resolution CT of the temporal bone can identify 
most defects causing the sCSF leak. Multiple defects are present in greater than half 
of cases, and less common locations such as the petrous apex and posterior fossa 
should be carefully viewed (Fig. 15.2). After repair, idiopathic intracranial hyper-
tension and obstructive sleep apnea should be investigated since these are the two 
most common underlying causes of elevated cerebrospinal fluid pressure (Fig. 15.3). 
Vaccination for bacterial meningitis is recommended by the CDC and may provide 
protection from subsequent meningitis.

Mechanisms for increased intracranial pressure

Hypoxia and hypercapnia

Cerebral vasodilation

↑ intracranial pressure

Sleep apneaObesity

↑ abdominal pressure

↑ intrapleural lung pressure

↓ cardiac filling, venous return

↑ intracranial pressure

Fig. 15.2 Preoperative and 
postoperative 
considerations

Preoperative and postoperative considerations
for patients with a spontaneous CSF leak

Preoperative

Testing
Audiogram

Collect fluid for beta-2 transferrin if possible
High resolution CT of the temporal bones and skull base

Consider MRI to evaluate for encephalocele or findings of IIH

Lumbar puncture with measurement of opening pressure
If opening pressure elevated or suspicion for IIH, refer to

neurology or neuro-ophthalmology
Recommend sleep study

Confirm administration of pneumococcal conjugate vaccine
(PCV13) and the pneumococcal polysaccharide vaccine

(PPSV23)
Discuss meningitis precautions

Avoid nose blowing and sneeze with mouth open to prevent
possible pneumocephalus

Recommend pneumococcal conjugate vaccine (PCV13) and the
pneumococcal polysaccharide vaccine (PPSV23)

Discuss meningitis precautions

Counseling

Postoperative

Fig. 15.3 Proposed mechanisms of action for the development of increased intracranial pressure 
in the settings of obesity and obstructive sleep apnea [12, 13]
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Chapter 16
Lateral Skull Base Surgical Approaches

Rance J. T. Fujiwara, Mehdi Abouzari, Hamid R. Djalilian, 
and Kevin A. Peng

 Middle Cranial Fossa Approach

Encephaloceles and CSF leaks, whether posttraumatic, infectious, iatrogenic, or 
spontaneous, most commonly occur through the floor of the middle cranial fossa 
and may involve the tegmen tympani, tegmen mastoideum, petrous apex, or any 
combination thereof [1–3]. As such, the middle cranial fossa (MCF) approach 
remains the primary surgical approach to access these defects from above for CSF 
leak repairs of the lateral skull base. It is sometimes combined with a transmastoid 
approach with or without elevation of a tympanomeatal flap and middle ear dissec-
tion to gain inferior access.
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 Incision and Flap Elevation

One common incision used for access to the squamous portion of the temporal bone 
is in the shape of a reverse question mark. The incision starts just anterior to the 
tragus and is carried superiorly, passing 3–4 cm posterior to the external auditory 
meatus, superiorly for 5–6 cm, and finally anteriorly to the temporal hairline. The 
skin and soft tissue are incised sharply to the level of the temporoparietal fascia. At 
this point, a large temporalis fascia graft may be harvested in the usual fashion for 
reconstruction of the skull base defect. A cuff of fascia should be preserved along 
the rim of the muscle flap for closure at the conclusion of the case. An inferiorly 
based temporalis muscle flap is then elevated off the calvarium using monopolar 
cautery and periosteal elevators, exposing the squamous portion of the temporal 
bone. The inferior extent of dissection is the zygomatic root, which should be read-
ily palpable through the inferior aspect of the incision. If it cannot be palpated, 
additional relaxing incisions are made until exposure is adequate.

During the incision and flap elevation, care should be taken near the proximal 
aspect of the temporalis muscle at the zygoma, where the frontal branch of the facial 
nerve is located within the temporoparietal fascia and can be injured if one is not in 
the appropriate plane or if monopolar cautery is used inappropriately. To minimize 
the risk of facial nerve injury, intraoperative facial nerve monitoring is employed in 
all cases.

 Craniotomy

Having exposed the squamous temporal bone, a craniotomy measuring approxi-
mately 5 × 5 cm is performed with cutting followed by diamond burrs. If desired, 
the craniotome may also be used. The dura can be visualized through transparent 
bone once it is thinned enough, at which point a diamond burr is used to complete 
the craniotomy. The craniotomy window should be centered at the root of the 
zygoma, with roughly two thirds of the window anterior to the external auditory 
canal and its lower edge roughly at the level of the floor of the middle cranial fossa. 
Once this is complete, the bone flap can be carefully separated from the underlying 
dura, with great attention to avoid lacerating the dura.

The dura is then elevated off the floor of the middle cranial fossa in lateral to 
medial and posterior to anterior direction (to prevent injury to the greater superficial 
petrosal nerve) under the microscope until the area of dehiscence is visualized. 
Often, an encephalocele may protrude through dehiscent tegmen. This is thought to 
be secondary to trauma, idiopathic intracranial hypertension, or dural and bone 
weakness in areas of aberrant arachnoid granulations [4–7]. Careful dissection in 
the tegmen tympani is required to avoid iatrogenic injury to the ossicular chain if the 
encephalocele is abutting or impinging upon the ossicles [4, 8]. The base of the 
encephalocele herniation can be visualized from the extradural approach with 
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retraction of the temporal lobe, and the encephalocele can often be reduced back 
into the middle cranial fossa [9]. If reduction is impossible, transection at the stalk 
of the encephalocele can be performed. If no encephalocele is present, the area of 
meningeal defect leading to leak must be positively identified.

As the dura is elevated from the floor of the middle cranial fossa, there are sev-
eral key anatomic landmarks of note. Posteriorly, the arcuate eminence is often the 
first landmark identified and is a relative bony landmark for the superior semicircu-
lar canal, which may sometimes be dehiscent in suspected cases of idiopathic intra-
cranial hypertension with concurrent encephalocele [10, 11]. It is important to note 
that the arcuate eminence may not lie directly over the superior semicircular canal, 
and it consequently cannot be regarded as a foolproof landmark. Anteriorly, the 
greater superficial petrosal nerve is identified. The bisection of the angle formed by 
the arcuate eminence and greater superficial petrosal nerve may be used to approxi-
mate the location of the internal auditory canal [12]. Drilling of the internal auditory 
canal, such as that done for a middle fossa resection of a vestibular schwannoma, is 
rarely necessary. If necessary, dissection may be carried as medially as the ridge of 
the petrous apex medially, with attention paid to avoid laceration of the superior 
petrosal sinus. During elevation, bony vascular channels are obliterated with bone 
wax, and dural attachments may be addressed with bipolar electrocautery and sharp 
transection.

 Repair of Skull Base Defect

Depending on the size of the dehiscence or CSF leak, the previously harvested fas-
cia graft with or without a bone or cartilage graft may be used for reconstruction in 
a multilayer fashion. Both intradural and extradural approaches have been described, 
and each may be used alone or in conjunction with the other. Options for meningeal 
repair include previously harvested temporalis fascia, synthetic dural substitute, and 
other autologous tissue (such as fascia lata). In an intradural repair, a dural incision 
is made, the repair material is placed intradurally to cover the area of meningeal 
dehiscence and/or encephalocele, and the dura is reapproximated. For an extradural 
repair, the repair material is placed in onlay fashion between the bony middle fossa 
floor and the native dura, taking care to cover areas of dehiscence. Fibrin sealant is 
often utilized.

If desired, a bone graft may be used. The bone graft is usually a split calvarial 
graft from the previously harvested bone flap and can be placed over the bony defect 
on the floor of the middle cranial fossa floor in the extradural space. This may be 
necessary in cases of large dehiscence with concern for continued soft tissue pro-
lapse. Rarely, an inferiorly based temporalis muscle flap may be utilized, traversing 
the craniotomy via the inferior border. Cartilage is rarely utilized for lateral skull 
base CSF leak repairs, and even bone grafts and temporalis rotational flaps are 
rarely necessary.
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 Translabyrinthine Approach

The translabyrinthine approach to the lateral skull base is most often used to access 
tumors of the cerebellopontine angle in patients with non-serviceable hearing. It 
was popularized in the 1960s following several publications by William F. House 
illustrating successful outcomes in vestibular schwannoma resections via this 
approach [13, 14]. The approach gives ample access to the cerebellopontine angle 
and internal auditory canal, as well as improved exposure of areas of the middle and 
posterior cranial fossa. Cerebrospinal fluid leaks originating from the posterior cra-
nial fossa are very rare, with the largest case series documenting five cases in a 
10  year period [15, 16]. In these cases, a translabyrinthine approach may be 
considered.

 Simple Mastoidectomy and Facial Nerve Identification

A simple mastoidectomy is first performed [17]. Briefly, the mastoid cortex is first 
removed in a systematic fashion using a cutting burr. Surface landmarks include the 
temporal line superiorly (which delineates the superior extent of the dissection and 
approximates the tegmen tympani and floor of the middle cranial fossa) and the 
spine of Henle representing the posterior aspect of the bony ear canal. The tegmen 
tympani is skeletonized with careful attention to any defects or encephaloceles 
which may be encountered. The posterior ear canal is then thinned appropriately, 
and finally the sigmoid sinus is located by continuing the mastoid dissection poste-
riorly. For the purposes of the translabyrinthine approach, skeletonization of the 
sigmoid sinus, tegmen, and sinodural angle is necessary for a wide exposure of the 
labyrinth and ultimately the internal auditory canal. Koerner’s septum, a thin bony 
plate at the petrosquamous suture line, is encountered as the dissection is continued. 
The mastoid antrum will be encountered deep to Koerner’s septum and the horizon-
tal semicircular canal and incus visualized. Additional drilling anterior to the hori-
zontal semicircular canal will allow for identification of the second genu and the 
vertical segment of the facial nerve.

 Postauricular Labyrinthectomy

The three semicircular canals are then fenestrated in a systematic manner, beginning 
with the horizontal canal and followed by the posterior and superior canals. One 
must pay close attention to the close proximity of the second genu of the facial 
nerve to the anterior aspect of the horizontal canal while opening the labyrinth. The 
medial wall of the horizontal and superior canals also abuts the labyrinthine seg-
ment of the facial nerve. The vestibule can then be widely opened. Remnant bone 
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overlying the posterior and middle fossa dura can be removed with diamond burr 
drills and rongeur instruments. In vestibular schwannoma surgeries, the internal 
auditory canal is then exposed by identification of its superior landmark (approxi-
mated by the ampulla of the superior canal) and inferior landmark (retrofacial air 
cells superior to the jugular bulb).

 Repair of Skull Base Defect

When a translabyrinthine approach is performed for CSF leak repair, the mastoid-
ectomy and labyrinthectomy cavity is typically obliterated in order to close the 
dural defect and CSF leak. Abdominal fat is the grafting material of choice. The 
middle ear is first obliterated with muscle or fat, and the Eustachian tube is packed 
with a combination of muscle, bone wax, woven oxidized regenerated cellulose, and 
fat. The incus can be separated from the stapes and malleus, and the long process 
can be used to hold the packing material in the Eustachian tube. The abdominal fat 
graft is placed into the mastoidectomy and labyrinthectomy cavity, and a craniot-
omy plate is placed over the abdominal fat graft to ensure consistent pressure to 
maximize chances of sealing the leak.

 Transmastoid Approach

The choice of approach of CSF leak depends on the location and multitude of 
defects. The initial approach to the repair of small (<1 cm) or a few tegmen mastoi-
deum defects or posterior fossa defects is the transmastoid approach [18]. For larger 
(>1  cm) defects or multiple (>3) tegmen mastoideum defects, the transmastoid 
approach [19, 20], MCF approach [1, 21], and the combined approach [22, 23] have 
been advocated by different authors throughout the literature.

 Postauricular Cortical Mastoidectomy

A classic postauricular incision is made. The cortical mastoidectomy is then per-
formed, and the tegmen defect(s) is exposed. In cases with associated meningocele 
or meningoencephalocele, the stalk of the herniated tissue is cauterized with bipolar 
cautery on a low setting (10–15 W) and amputated at its base which can be subse-
quently sent for pathologic analysis to confirm diagnosis. In mastoidectomy, the 
goal is to expose the dural defect without creating a considerable opening of the 
mastoid antrum. Bone wax is used to obliterate all the facial recess, retrofacial air 
cells, and mastoid tip cells to prevent communication between the mastoid and the 
middle ear. The sole use of bone wax is not adequate for long-term control of CSF 
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leakage. A large temporalis fascia can be used to cover all the air cells and the mas-
toid antrum to separate the middle ear from the mastoid. The goal of this step is to 
prevent communication of the CSF leak (in case of surgical failure) with the middle 
ear. Fibrin glue is then used to cover the fascia to adhere it better and prevent motion.

 Repair of Tegmen Defect

Tegmen mastoideum defects have to be repaired in a multilayered fashion, most 
often using a combination of autologous mastoid bone, temporalis fascia, and tissue 
sealant (Fig. 16.1). To address the tegmen defect, the dura is separated from the sur-
rounding bone first. We have found that when multiple defects are present, it is 
easier to remove the intervening bone (if the defects are clustered in an area) and to 
make a larger defect that is easier to repair. A joint knife or an angled hook is used 
to distinguish the plain between the bone and the dura. Furthermore, a longer blunt 
hook (or whirlybird) is used to separate the dura from the tegmen. It is crucial to be 
mindful of the thin area surrounding a spontaneous defect because the dura is gener-
ally thin and the bone may further fracture, leading to a larger defect than is needed. 
The dura in patients with spontaneous CSF leak tends to be thinner and may be 
strongly adherent (especially in older patients) to the bone. To separate the dura 
from the bone, sharp dissection may possibly be required. Next, a piece of tempora-
lis fascia is placed between the middle (or posterior) fossa floor and the dura, cover-
ing the surrounding bone by approximately 4–5 mm. The underlay fascia must be 
positioned so well so as to completely stop the CSF leak (Fig. 16.2). The surgeon 
should not rely on the fibrin glue to control the leak as the surgery will likely fail 
when the fibrin glue is broken down in approximately 8 weeks. Fibrin glue is then 
used to seal the fascia into place. Sometimes, a piece of DuraGen (Integra 
LifeSciences, Plainsboro, NJ) is used as an additional support for large tegmen 

Fig. 16.1 Right tegmen 
mastoideum defect with 
active CSF leakage

R. J. T. Fujiwara et al.



233

Fig. 16.2 The underlay 
fascia graft is placed as an 
underlay with complete 
cessation of the CSF leak 
on its own

Fig. 16.3 A large fascia 
graft is placed to close off 
the attic and the rest of the 
mastoid air cells to prevent 
communication with the 
middle ear

mastoideum defects (≥1 cm defects in elderly patients who are not MCF candi-
dates). On the mastoid side, a second fascia layer is used as an onlay graft, it is 
packed tightly with abdominal fat, and a titanium mesh is used to close over the 
mastoid using three or four screws (Fig. 16.3). If the defect is >7 mm, we sometimes 
use an onlay cartilage graft or a mastoid cortex graft (obtained using osteotomes) on 
the onlay fascia graft. Compressing the titanium mesh in the middle creates better 
compression of the fat in the mastoid (Fig. 16.4). Placement of a postoperative lum-
bar drain is not required. Intraoperative antibiotics (vancomycin and ceftazidime) 
and mannitol (1 g/kg) are administered to the patient. A postoperative CT scan is 
usually done 6 h postoperatively to rule out any subdural or epidural hemorrhage 
triggered by the dissection of the dura. The patient is then observed for 24 h follow-
ing the surgery in the hospital. The patient is started on acetazolamide 125 mg BID 
in the hospital, with escalation to 500 mg BID after several weeks based on the side 
effects, for a total of 6 weeks. All patients are monitored postoperatively for the 
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Fig. 16.4 A titanium mesh 
is used to compress the fat 
or muscle against the 
defect

development of benign intracranial hypertension every 3–6 months at an outpatient 
neuro-ophthalmology clinic.

 Transcanal Approach

The transcanal approach is reserved for patients in poor medical state who are 
unable to undergo an extensive procedure or in cases where the patient does not 
have serviceable hearing (e.g., after a translabyrinthine approach). The purpose of 
this procedure is to isolate the CSF space from the nasopharynx to prevent menin-
gitis. This procedure will cause a permanent conductive hearing loss from CSF in 
the middle ear. Therefore, it is reserved for those with no useful hearing or patients 
who cannot undergo general anesthesia but have an active CSF leak. This procedure 
can be performed under local anesthesia with monitored anesthesia care (MAC).

The procedure is performed transcanal but may require a secondary small inci-
sion in the temporalis area or post-auricularly to obtain fascia graft. Alternatively, a 
biomaterial such as DuraGen (Integra LifeSciences, Princeton, NJ), Biodesign 
Otologic Repair Graft (Cook Medical, Bloomington, IN), AlloDerm (Allergan 
Aesthetics, Irvine, CA), Surgicel (Ethicon, Raritan, NJ), etc may be employed. The 
middle ear is entered, and using an endoscope the Eustachian tube (ET) orifice is 
visualized. Alternatively, if possible, an anterior canal flap can be raised if the sur-
geon is comfortable with that approach and an anterior tympanomeatal flap is raised. 
Under direct visualization (or with an endoscope), using a Rosen needle the mucosa 
at the lateral most aspect of the ET orifice is gently lacerated. This will allow the 
grafts to become vascularized in the ET orifice and create a better seal. Next, fascia 
pieces that are cut in 2 mm strips are packed into the Eustachian tube using a blunt 
instrument (e.g., annulus elevator) one at a time. A sharp instrument should not be 
used to pack into the Eustachian tube as the carotid artery may be dehiscent and 
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injury may occur. The fascia packing is placed one strip at a time and packed into 
place. It may be useful to cut the tensor tympani tendon to allow the malleus to be 
more mobile for manipulation. In cases of no serviceable hearing, the incus can be 
removed which will allow more flexibility in movement of the malleus to allow for 
better packing of the ET. The ET can accommodate a surprisingly large amount of 
fascia packing sometimes. Once the ET packing is no longer compressible, the 
incus (if available) can be used to wedge the fascia into place. If the incus is not 
available (e.g., patient in poor medical state with normal hearing), then the middle 
ear may be packed with muscle or fat, whichever is available. The tympanomeatal 
flap is replaced, and nonabsorbable packing is placed to hold the flap in place. The 
canal flap needs to be held tightly in place to prevent CSF leakage into the canal 
under the flap. The packing is left in place for 2  weeks and then removed. The 
authors use Xeroform packing for this dressing which can be layered and com-
pressed in the medial canal.

 Conclusion

The middle fossa craniotomy is the preferred surgical approach for the treatment of 
otogenic cerebrospinal fluid leaks from tegmen tympani and the petrous apex. It 
provides panoramic access to the tegmen tympani, tegmen mastoideum, and petrous 
apex, and both intradural and extradural repairs are possible. The transmastoid 
approach is used for posterior fossa defects or smaller or few tegmen mastoideum 
defects.
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Chapter 17
Free Graft Techniques for Skull Base 
Reconstruction

John R. Craig 

 Introduction

Rhinologic surgeons reliably achieve >90% success when repairing nasal cerebro-
spinal fluid (CSF) leaks, whether free or vascularized tissue is used [1–5]. A wide 
variety of reconstructive techniques with free graft materials have been reported for 
CSF leak repair, and, generally speaking, all have been highly successful regardless 
of CSF leak etiology and location. The following sections will describe the termi-
nology and physiology of skull base reconstruction, as well as the different free 
graft options used during nasal CSF leak repair.

 Terminology for CSF Leak Repair

When discussing nasal CSF leak repair in both research and clinical environments, 
it is helpful to define certain terms so that readers or one’s surgical colleagues share 
a common language. First, categorizing CSF leaks according to dural defect size 
can be helpful not only in understanding the literature but also in selecting recon-
structive materials. While various terms exist in the literature, a common system 
categorizes CSF leaks as low-flow or high-flow, based mostly on dural defect size. 
Low-flow CSF leaks refer to <1 cm dural defects, and high-flow CSF leaks refer to 
>1 cm dural defects [6, 7].

Second, as multilayered closure of skull base defects is generally preferred for 
amenable defects, one must appreciate each of the possible reconstructive layers. 
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a b

Fig. 17.1 Representative example of a two-layered closure of low-flow cerebrospinal fluid leak 
after pituitary adenoma resection, (a) using a porcine collagen inlay graft placed in the epidural 
space deep to the sellar bony defect (yellow outline) and (b) a free mucosal onlay graft placed over 
the edges of the bony sellar defect (yellow dashed outline). The mucosa was harvested from the 
nasal septum. ON optic nerve, ICA internal carotid artery, FMG free mucosal graft

First, one or more layers of autologous or synthetic grafts may be placed intracrani-
ally in an inlay or underlay fashion (subdural, epidural, or both) [8]. Autologous or 
synthetic grafts are then placed on the bone of the skull base surrounding the defect 
in an onlay or overlay fashion. For this chapter, “inlay” and “onlay” will be used to 
describe the layers of multilayered reconstructions. Figure 17.1 shows a representa-
tive two- layered closure of a low-flow sellar CSF leak after pituitary adenoma 
resection, with collagen epidural inlay and free septal mucosal onlay grafts. While 
multilayered closures are commonly performed, monolayer closures with inlay-
only [9] and onlay-only [8, 10] layers have also been reportedly successful.

 Free Graft Options and Physiology

There are a wide variety of graft materials that have been used to reconstruct skull 
base defects successfully. Free graft materials include temporalis fascia, fascia lata, 
abdominal or thigh fat, cartilage grafts (septum, auricular), bone grafts (septum, 
calvarium), acellular dermal allografts, and collagen xenografts. Interestingly, the 
literature has suggested that success rates are high regardless of the materials used 
[11, 12]. For multilayered closures, most studies report placing autologous or allo-
plastic/synthetic inlay grafts plus mucosal onlay grafts or flaps. However, recon-
structions have often been heterogeneous with regard to materials used for each 
layer, how many layers are used, and the types of CSF leaks being repaired [1, 2, 5, 
8, 13]. This makes it difficult to determine whether different materials are more suc-
cessful as inlay or onlay grafts and whether CSF leak etiology or location affects the 
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success of those layers. Amidst the conundrum of which layers and materials are 
most important for closing different types of CSF leaks, one must try to understand 
how these materials actually heal to seal off the skull base defects.

 Free Graft Physiology

Regarding free graft wound healing physiology, there has been limited evidence to 
support how different free graft materials facilitate dural and bony defect closure 
after CSF leak repair. As free grafts have no direct vascular supply, they obtain 
nutrition initially through imbibition, but evidence for this comes mostly from skin 
graft literature [14]. Recent studies have shown synthetic allografts and xenografts 
becoming revascularized and integrated into the tissue of skull base defects [15, 16]. 
Interestingly, despite nasal mucosa being one of the most commonly used free graft 
materials for CSF leak repair, very few studies have explored the physiology of free 
mucosal graft healing.

Mahendran et  al. harvested free mucosal grafts from lateral nasal walls and 
showed that 26/26 grafts healed successfully onto denuded bone after dacryocysto-
rhinostomies. They also showed that grafts contracted by about 20% over 4 weeks 
[17]. Kim et al. showed that free mucosal grafts integrated into the bone around 
sellar defects, with mucosal enhancement on contrasted magnetic resonance imag-
ing equivalent to surrounding mucosa at 3 months postoperatively [18]. Other than 
these few studies on free mucosal graft healing, the bulk of evidence on free muco-
sal graft healing is indirect through studies demonstrating high success rates with 
free mucosal grafts for CSF leak repair [1, 19, 20]. Together, these studies suggest 
that free mucosal grafts adhere to and integrate onto the skull base via blood supply 
from the adjacent sinus or intracranial tissue. However, it is also possible that free 
grafts could become nonviable in some cases, and underlying inlay layers allow for 
skull base defect closure, while the free onlay grafts become biologic dressings that 
eventually promote mucosalization.

Very little evidence exists with regard to wound healing of autologous fat, fas-
cial, and bone grafts after skull base reconstruction, and further research is neces-
sary to understand the healing process of these tissues. The remainder of this section 
will describe the differed graft types and how they are typically used.

 Mucosal Grafts

Numerous materials have been used for CSF leak repair, but mucosal grafts or flaps 
are quintessential to most skull base reconstructions. While vascularized/pedicled 
mucosal flaps have gained in popularity for skull base reconstruction, especially for 
large dural defects [1, 2], free grafts still play an important role. Advantages of free 
grafts over pedicled flaps for CSF leak repair include shorter harvest time, custom 
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a b

Fig. 17.2 Example of endoscopic repair of a skull base defect in the lateral recess of the left sphe-
noid sinus after removal of a meningoencephalocele in a patient with idiopathic intracranial hyper-
tension. (a) Computed tomography image navigation with endoscopic correlation in the bottom 
right of the window, demonstrating the left lateral recess defect. (b) Free mucosal graft (FMG) 
reconstruction of the left sphenoid sinus (SS) lateral recess defect, after having been harvested 
from the left nasal septum. The graft also covered pterygopalatine fossa contents. A collagen epi-
dural inlay graft had also been placed. The wide sphenoidotomy is represented by the green out-
line. MS maxillary sinus

shaping and sizing of grafts, and lack of pedicle tension that puts flaps at risk for 
retraction. Free grafts are therefore highly versatile and can be placed anywhere 
along the skull base that can be visualized and accessed with endoscopic instrumen-
tation. Figures  17.2 and 17.3 illustrate the versatility of free mucosal grafts for 
difficult- to-reach areas of the skull base.

Free mucosal onlay grafts have been utilized to reconstruct a wide variety of 
skull base defects with excellent success, via both monolayer and multilayered 
reconstructions [1, 5, 8, 19, 20]. The graft is placed onto the bony edges of the skull 
base defect, with the graft’s periosteal side contacting the bone. Mucosa should 
never be used as an intracranial inlay graft, as this can lead to an intracranial muco-
cele [21, 22]. One technical point is that due to free graft contraction [17], surgeons 
should harvest mucosal grafts at least 20% larger than what they feel to be an appro-
priately sized graft.

Free mucosal grafts also result in minimal morbidity. Free mucosa is most com-
monly harvested from the nasal septum, nasal floor, or middle turbinate [23], with 
no published differences in efficacy based on harvest site. Exposed bone or cartilage 
at harvest sites will cause nasal crusting that can last for 2–3 months postoperatively 
[8, 24], but patient sinonasal quality of life is typically minimally affected based on 
studies using both free grafts and mucosal flaps [8, 25].
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a b

c d

Fig. 17.3 Example of an endoscopic repair of a skull base defect in the posterior table of the right 
frontal sinus (PT-FS) after a shotgun wound to the face and head. (a) Axial computed tomography 
demonstrating the right-sided posterior table defect (yellow arrow). (b) Visualization with a 70° 
nasal endoscope after an endoscopic Draf III approach to repair the large right-sided posterior table 
defect (orange outline) that extended superiorly nearly to the roof of the frontal sinus. Nonviable 
intracranial (IC) contents are seen through the defect. The blue line represents the midline. (c) A 
nasoseptal flap had been harvested but could not adequately cover the superior-most aspect of the 
skull base defect, so the pedicle was transected, and the remaining large free mucosal graft (FMG) 
was then placed to cover the entirety of the bony defect. No intracranial inlay graft was placed due 
to the irregular geometry of the defect. One edge of the graft is highlighted with a yellow arrow. 
The graft extended laterally on the right side to cover the lamina papyracea (LP) as well. (d) 
Endoscopic result 10 months postoperatively, with a beautifully integrated free mucosal graft and 
a nicely patent, functional frontal sinus. NFB nasofrontal beak
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 Fat Grafts and Bath-Plug Technique

Autologous fat grafts can be used as stand-alone inlay or onlay grafts [26] or in 
combination with mucosal onlays [13, 27]. They are commonly harvested from the 
abdomen, thigh, or ear lobule. A number of different fat graft techniques have been 
described, and two common methods will be discussed here.

Wormald and McDonogh described a “bath plug” fat graft technique where a 
piece of abdominal fat is advanced intradurally, and a suture through the fat is used 
to pull the fat graft through the dural defect partially into the sinus cavity, until the 
fat seals off the leak [27]. This technique was utilized in 47/52 CSF leaks in a sub-
sequent series with 90% primary success and 100% secondary success [28]. 
However, it is important to note that this technique also includes a concurrent free 
mucosal onlay graft.

Lam et al. published a retrospective series of 27 patients who had fat grafts for 
skull base repairs of various sizes, locations, and etiologies, 18 of whom also had 
onlay layers placed over the fat grafts. They used small 5 × 5 mm pieces of fat to 
facilitate sealing of irregularly shaped defects that were difficult to seal with other 
materials. They reported primary and secondary CSF closure rates of 92.6% and 
96.3%, respectively, with two patients (7.4%) developing abdominal seromas or 
hematomas requiring drainage [13].

While complications from fat grafting are rare overall, harvest site hematomas, 
seromas, infections, and scars have been reported [13, 29]. Fat grafts have also 
caused lipoid meningitis [29] and can interfere with postoperative magnetic reso-
nance imaging interpretation [30, 31]. Additionally, if too much fat is placed intra-
cranially, it can have a compressive effect, such as optic apparatus compression [32].

 Fascia

Fascia is another common autologous graft, typically harvested from tensor fascia 
lata or temporalis fascia. While fascia has been reported to be highly successful in 
skull base reconstruction, most fascial techniques have also included the use of free 
or vascularized mucosal onlays concurrently [1, 2, 11]. Additionally, similar to fat 
graft harvest, while the overall risks are low, there have been multiple reports of 
harvest site complications such as hematomas, seromas, pain, and scars and diffi-
culty with ambulation [33, 34].

 Bone

The bone has also been used successfully for nasal CSF leak repair as an inlay layer, 
in conjunction with mucosal onlays [1]. Bone grafts are typically harvested from 
tissue removed during the sinonasal surgery such as the nasal septum or turbinates 
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to avoid extranasal harvest site morbidity [35]. While bone grafts have been 
described as providing a rigid layer of reconstruction that may be important for 
certain types of CSF leak repairs [11, 23], they have never been studied in a com-
parative manner with other graft materials for different CSF leak etiologies and 
locations. While bone grafts represent a viable inlay reconstructive material, they 
suffer from being dependent on the availability of bone that can be appropriately 
sized and contoured. Additionally, bone grafts can be technically difficult to place 
intracranially. Since most studies utilizing bony inlay grafts have reported heteroge-
neous repair techniques for various CSF leak etiologies [1, 10, 36], it is difficult to 
know when or whether they are beneficial compared to other graft materials.

 Gasket-Seal Technique

Leng et al. described a gasket-seal technique where fascia or synthetic grafts are 
placed as onlays, followed by a rigid inlay layer of bone, titanium, or Porex (Porex 
Corp., Newnan, GA) countersunk into the epidural space [37]. The same group of 
surgeons then reported a 96% initial success rate of CSF leak repair in 46 consecu-
tive patients with a variety of skull base defects after skull base tumor resections 
[38]. Note that they used nasoseptal flaps in 21/46 patients and, in a subsequent 
study, recommended nasoseptal flap use with these repairs [39]. Potential down-
sides to this technique include technical difficulty, as well as the potential issues 
with foreign body reactions or infections. For example, some authors have reported 
titanium sequestra after this technique, requiring removal during revision skull base 
reconstructions [35]. Very few other publications have corroborated the success of 
the gasket-seal technique, and it is difficult to know if it offers any advantage over 
technically easier and potentially less morbid reconstructive techniques.

 Allografts and Xenografts

Allografts and xenografts grafts have been used successfully in many CSF leak 
repair studies. The most commonly reported grafts have been acellular cadaveric 
dermis (AlloDerm™, LifeCell Corp., Woodlands, TX), bovine collagen matrix 
(DuraGen™, Integra Neurosciences, Plainsboro, New Jersey, USA), and porcine 
collagen (Biodesign™, Cook Biomedical, West Lafayette, IN). Their main benefit 
is the avoidance of complications from extranasal tissue harvest like wound compli-
cations and external scars [5]. While they are commonly used as inlay grafts in 
multilayered reconstructions with free or pedicled mucosal onlays [8, 35, 40], they 
have also been used as the sole material for two-layered inlay and onlay reconstruc-
tions [20, 40]. They have also been used successfully in some series as single-layer 
inlay or onlay reconstructions [9, 10, 40].

Regarding allografts, Germani et  al. showed a 97% success rate in 30 CSF 
leaks due to small/intermediate (<2 cm) and large skull base defects (>2 cm) by 
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placing AlloDerm as an onlay or intracranial inlay [10]. Note that 50% of those 
repairs were multilayered with free mucosal graft onlays, and 50% were 
AlloDerm alone.

Collagen xenografts have also been used with excellent success. Oakley et al. 
showed high success rates in 120 CSF leak repairs with DuraGen used as the 
intracranial inlay layer of multilayered reconstructions, with low complication 
rates [35]. They placed nasoseptal flap onlays in 69% of those cases and free 
mucosal onlays in 31%. Illing et al. reviewed their results with Biodesign inlay 
grafts in 170 repairs of various CSF leak etiologies and demonstrated 95% suc-
cess on first attempt and 100% eventual success. The collagen graft was applied 
as an inlay graft in 19 cases, onlay in 36, or as both inlay and onlay in 115 cases. 
Nasoseptal flaps were utilized in 122 of the cases, so 48 cases had only collagen 
grafts used [40]. However, they did not report the frequencies with which col-
lagen grafts were inlay-only, onlay-only, or inlay + onlay in the 48 cases without 
nasoseptal flaps. While this study showed that Biodesign can be used success-
fully, it leaves open the question of whether collagen grafts improve CSF leak 
repair success more than nasoseptal mucosal flaps alone. Interestingly, Mueller 
et  al. performed a preliminary sheep study to address this question. They 
repaired frontal dural defect repairs in sheep, with either a vascularized mucosal 
flap onlay or a combined Biodesign intracranial inlay and vascularized mucosal 
flap onlay. They showed histologically that repair with Biodesign resulted in a 
thicker repair, but both repair types (with or without the Biodesign) resulted in 
successful watertight sealing of defects by 7 days [16]. More studies are neces-
sary to assess the utility of allografts and xenografts in CSF leak repair.

The main drawback to synthetic grafts is cost, although no studies have assessed 
whether their cost significantly impacts cost-effectiveness of CSF leak repair. Future 
well-designed studies are necessary to determine whether the cost of such grafts 
outweighs the potential morbidities of extranasal autografts. Until then, evidence 
supports that they are safe and highly effective in multilayered reconstructions with 
free or vascularized mucosal onlays. Larger studies are needed to corroborate the 
successes reported from small series regarding synthetic grafts being used as stand- 
alone reconstructions without mucosal onlays.

 Adjunctive Techniques

After free graft reconstruction, are there additional techniques that can optimize 
graft adherence and integration, to improve reconstructive success rates? This ques-
tion is not so simple to answer based on the literature, but this section will describe 
how surgeons may use the following techniques to improve adherence of the onlay 
portion of the reconstruction to underlying bone: sinonasal packing, lumbar drains, 
and tissue sealants.
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 Packing

Sinonasal packing is commonly used after CSF leak repair. Potential benefits 
include hemostasis, support to prevent migration of the reconstructive materials, 
stenting of sinus outflow tracts, and creation of an additional temporary barrier 
between the external environment and intracranial space [7]. However, very little 
evidence exists supporting the use of packing to improve CSF leak repair outcomes, 
and therefore practices have largely been guided by expert opinion [5, 7, 41].

A systematic review and meta-analysis in 2000 by Hegazy et al. reported nasal 
packing being used in 61% of the analyzed cases (125/204), but packing did not 
have a significant effect on surgical outcome [11]. Asmaro et al. recently published 
a prospective series of 76 CSF leaks of various etiologies repaired with monolayer 
or multilayered skull base reconstructions, 66% of which utilized free grafts. 
Sinonasal packing was never used. They achieved a 97.4% success rate, and the two 
postoperative CSF leaks were sealed with lumbar CSF diversion alone [8]. Of note, 
they had a low sample size of large clival defects, so whether packing could facili-
tate repairs in these types of cases could not be determined. Packing has also been 
shown to negatively impact patient quality of life after skull base surgery [42, 43]. 
While these studies require corroboration by other centers, they suggest that sinona-
sal packing may not be necessary for most CSF leak repairs.

 Lumbar Drains

While opinions are mixed on the use of lumbar drains (LDs) for CSF leak repair, 
some studies have demonstrated higher success rates with LD use, especially for 
high-flow CSF leaks [6, 36, 44]. A recent large randomized controlled trial showed 
improved CSF leak repair outcomes with LD use for large dural defects [6]. Others 
have suggested that LDs may not impact success when repairing low- or high-flow 
CSF leaks [45–47]. However, the literature suffers from heterogeneous patient pop-
ulations and mostly low evidence levels [48], so conclusions cannot be drawn defin-
itively for when lumbar drains can be of utility. Until then, surgeons must use 
judgment as to the utility of LDs on a case-by-case basis.

 Tissue Sealants

There has also been mixed evidence in the literature regarding tissue sealant use for 
CSF leak repair. Commonly reported sealants have been DuraSeal (Integra 
LifeSciences), Tisseel (Baxter Healthcare, Deerfield, IL), and Adherus AutoSpray 
(HyperBranch Medical Technology, Stryker, Durham, NC). Eloy et al. reported no 
benefit with Tisseel, DuraSeal, and Evicel (OMRIX Biopharmaceuticals Ltd., 
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Ramat Gan, Israel) after repair of 42 high-flow CSF leaks compared to 32 high-flow 
leaks without sealant use in a retrospective case-control study [49]. However, there 
have been three porcine studies demonstrating improved biomechanical strength of 
CSF leak repairs with tissue sealants [50–52]. More human comparative studies are 
necessary to determine the utility of tissue sealants during CSF leak repair.

 Overall Success Rates of Free Graft Techniques

While difficult to draw conclusions on optimal materials to use during CSF leak 
repair due to studies with small sample sizes or heterogeneous CSF leak etiologies 
and reconstructive techniques, consistently high success rates are seen in the litera-
ture with multilayered reconstruction.

There have been two large systematic reviews on CSF leak repair success. Soudry 
et al. reviewed 673 cases from 22 series and reported an overall CSF leak success 
rate of 92%. Of the reviewed cases, 292 were analyzed by low- or high-flow CSF 
leak status. For low-flow CSF leaks (5 studies, 74 patients), they showed that mul-
tilayered reconstructions with free grafts offered similar high success rates to vascu-
larized flaps (92% for free grafts vs. 100% for nasoseptal flaps). For high-flow CSF 
leaks (6 studies, 218 patients), pedicled vascularized flaps were superior (82% for 
free grafts vs. 94% for flaps). They showed no significant differences between skull 
base defect sites [1]. Harvey et al. reviewed 38 studies that included 609 large dural 
defects and showed that 326 patients with free grafts had a 15.6% failure rate com-
pared to 6.7% for 283 patients with vascularized reconstructions (p=0.001) [2].

To summarize, both free grafts and vascularized flaps are highly successful for 
low-flow CSF leaks, and vascularized reconstructions have been shown to be supe-
rior for high-flow CSF leaks. However, it is also important to appreciate from these 
review studies that free grafts are still successful for high-flow CSF leak repair in 
80% or more of cases. Free mucosal grafts should therefore still be considered via-
ble options for high-flow CSF leak repairs when vascularized reconstructions are 
not available or are felt to be unnecessarily morbid. Additionally, in some situations 
skull base defect location or geometry may not be favorable for pedicled flaps. It is 
also important to note that when free mucosal grafts have been used to repair high-
flow CSF leaks, they have generally been used as onlays with multilayered recon-
structions. Future studies would be needed to determine whether monolayered free 
mucosal graft reconstruction is successful for high-flow CSF leaks.

 How Do You Choose?

The literature has been reviewed in this chapter, and despite a plethora of publica-
tions on nasal CSF leak repair, there is no “one-size-fits-all” approach. Surgeon 
judgment and preference will therefore guide many of the reconstructive decisions. 
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However, surgeons should be achieving >90% success in nasal CSF leak closure, 
and if not, they should consider other reliable published techniques outlined in this 
chapter. Based on the literature, a very reliable means to achieve high success rates 
with low morbidity is to perform multilayered closures when possible, with syn-
thetic inlay grafts and mucosal onlay grafts or flaps. Other inlay materials are also 
viable options, but the benefits and risks should be considered. Deciding whether to 
use adjunctive measures such as sinonasal packing, lumbar drainage, and tissue 
sealants is largely up to the discretion of surgeons at this time, with more evidence 
mounting on these topics.

 Conclusions

For endoscopic CSF leak repair, multilayered reconstructions with free nasal muco-
sal onlay grafts and a variety of inlay graft materials are highly successful for repair-
ing the majority of nasal CSF leaks, including high-flow CSF leaks, when 
vascularized flaps are not available or applicable. For inlay grafts, a variety of graft 
materials are efficacious, but synthetic allografts or xenografts are effective and less 
morbid than extranasal autologous grafts. More research is needed to understand the 
wound healing physiology of free graft materials in skull base reconstruction, as 
well as the importance of each layer of multi layered closures for different CSF leak 
locations and etiologies.
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Chapter 18
Local Vascularized Pedicled Flaps for Skull 
Base Reconstruction

Ryan A. McMillan, Carlos Pinheiro-Neto, and Garret W. Choby

 Introduction

As expanded endonasal approaches (EEA) have advanced, the need for more 
sophisticated skull base reconstructive techniques has also increased. Once the 
“Achilles heel” of EEA, the development of vascularized reconstructive options has 
allowed resection of more extensive intracranial tumors with minimal rates of post-
operative CSF leak [1]. Local vascularized pedicle flaps provide robust and durable 
soft tissue coverage to the skull base and vital structures without the need for micro-
vascular surgery or significant donor site morbidity. Local vascularized pedicle 
flaps represent a progression in the reconstructive ladder that takes advantage of the 
highly vascularized nature of the sinonasal cavity to provide soft tissue coverage to 
vital structures and prevent postoperative cerebrospinal fluid leaks [2–4].

Local vascularized pedicle flaps, typically based on a named artery, can be used 
in isolation or in tandem with other reconstructive principles to provide multilayer 
coverage of a defect. The flaps vary in their utility based on the size and location of 
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the defect. Having a thorough understanding of these options allows a skull base 
surgeon to navigate challenges such as prior surgery, radiation, or extensive tumor 
involvement [3–5]. The most utilized pedicled flap of endoscopic skull base recon-
struction is the posteriorly pedicled nasoseptal flap (NSF); however, the inferior 
turbinate/lateral nasal wall, middle turbinate, facial artery buccinator, and palatal 
flaps deserve consideration and will be described in this chapter.

 Evaluation

A detailed preoperative history and examination is critical for surgical planning. 
Pertinent elements of a patient’s history include autoimmune disease, granulomato-
sis disease, diabetes mellitus, immunocompromised status, anticoagulation use, 
intranasal drug use, smoking status, and trauma. Previous procedural history should 
be fully elucidated including previous skull base surgery, septoplasty, endoscopic 
sinus surgery, and embolization. Rigid endoscopy should be performed to assess 
both ipsilateral and contralateral nasal cavities with a focus on the status of septum 
and turbinates. Reconstructive alternatives should always be assessed during clini-
cal examination in preparation for unforeseen intraoperative findings.

 Intraoperative Considerations

Pedicled flap harvest is typically performed at the beginning of an operation to 
ensure preservation of its pedicle and allow safe flap storage during skull base resec-
tion. However, if a flap is not initially raised and it is determined that a pedicled flap 
is required for skull base reconstruction, a delayed flap can be harvested without 
worsening CSF leak rates or complication [6]. If there is concern regarding the 

Fig. 18.1 Right NSF 
pedicle contaminated by 
chordoma
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viability of a NSF after prior bilateral sphenoidotomy, acoustic Doppler sonography 
can be effectively used to assess the posterior septal artery. If there is concern 
regarding tumor extension into the proposed flap (Fig. 18.1), intraoperative frozen 
section pathology can be used to confirm that the flap is free from tumor [7].

 Nasoseptal Flap

The posterior pedicled nasoseptal flap, or “Hadad-Bassagasteguy flap,” was first 
described in 2006 as a novel endoscopic skull base reconstructive option [2]. 
Rotational flaps including the septal mucosa had been previously described as early 
as the 1950s; however, these were based on random blood supply and did not have the 
advantage of well vascularized tissue with an axial blood supply [2, 8]. Anatomically, 
the NSF is based off the posterior septal artery, a branch of the sphenopalatine artery, 
and includes the ipsilateral septal mucosa [2]. Prior to its description, large defects of 
the ventral skull base being approached by EEA were typically reconstructed with 
non-vascularized tissue such as fat grafts, muscle, or free mucosal grafts. Due to high 
rates of postoperative CSF leak with these techniques, some reconstruction was done 
via open approaches using regional vascularized flaps such as pericranium, galeal, or 
temporoparietal flaps or with microvascular free flap reconstruction [9, 10]. With 
advances in EEA, the NSF was designed to mitigate the need for an external approach 
and decrease morbidity of the procedure [2]. Indeed, shortly after its description, 
postoperative CSF leak rates for large high-flow defects were reduced to 5.7% [1].

The NSF can provide soft tissue coverage for defects from orbit to orbit and from 
the posterior table of the frontal sinus to the sella [2]. Additional surface area can be 
gained by extending the flap inferior onto the nasal floor or superiorly to the junc-
tion of the septum to the cribriform plate and inferiorly onto the floor of the nose 
and into the inferior meatus [11]. The NSF can be utilized as a single layer but is 
typically employed in large defects or high-flow leaks as an extracranial onlay flap 
in multilayered skull base reconstruction [3, 4]. Prior septoplasty is not an absolute 
contraindication to this flap; however, it can make harvesting this flap more techni-
cally difficult. In such cases, due to the absence of cartilage from a septoplasty, both 
subperichondrial surfaces of the septal mucosa are often healed to each other [12]. 
The elevation of the flap in those situations may require careful sharp dissection 
with microscissors to release the adherences between the mucosal layers and avoid 
laceration of the flap. Preoperative or intraoperative exam, potentially with Doppler, 
must ensure the posterior septal artery and the sphenopalatine artery are viable. 
Additional limitations include tumor involvement of the nasal septum. If past surgi-
cal history or tumor location necessitates, the contralateral NSF or an alternative 
local flap may be considered.

The surgical technique starts with infiltration of septum with local anesthetic and 
vasoconstrictor in a submucoperichondrial plane. A superior incision is made with 
a needle-tip electrocautery starting at the sphenoid os and moving anteriorly and 
parallel to the skull base approximately 1–2 cm below the cribriform plate to the 
level of the anterior axilla of the middle turbinate. At that level and depending on the 
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size of the defect, the incision can be turned superiorly toward the nasal dorsum or 
in a more limited fashion continued at that level anteriorly toward the caudal border 
of the septum. If a larger flap was required, the superior incision along the nasal 
dorsum mucosa is also carried to the caudal border of the septum. The inferior inci-
sion starts at the lateral portion of the roof of the choana transitioning along the 
vomer and onto the nasal floor. Depending on the size of the defect, this incision can 
be extended laterally to include the nasal floor/inferior meatus mucosa or can be 
carried anteriorly to the nasal spine along the transition between the septum and 
nasal floor. Finally, the superior and inferior incisions are connected with an inci-
sion along the caudal border of the septum. The flap is then elevated in an anterior 
to posterior direction in a submucoperichondrial and submucoperiosteal plane 
(Fig. 18.2 medical illustration and Fig. 18.3 intraoperative endoscopic image). The 
flap can then be safely stored in the nasopharynx (for sellar or anterior skull base 
surgery) or maxillary sinus (for transclival or transodontoid surgery) during tumor 
resection [2, 3, 11].

Variations of the NSF have been described to increase the surface area of the 
flap and pedicle reach and provide rigid protection. The extended NSF which 
adds mucosa from the nasal floor and inferior meatus mucosa adds 20  mm of 
pedicle length and 774 mm2 of surface area (Fig. 18.4) [11]. Additional descrip-
tions have supported the ability to gain additional reach with mobilization of the 
sphenopalatine foramen and dissection of the sphenopalatine artery and internal 
maxillary artery [13, 14]. This provides an increase of 51% and 88% of anterior 
reach for dissection of the sphenopalatine and internal maxillary artery, respec-
tively [14]. Studies have also described the incorporation of septal cartilage into 
a chondromucosal flap to provide rigidity and superior protection to skull base 
defects [15].

Fig. 18.2 Medical 
illustration demonstrating 
planned mucosal incision 
for the nasoseptal flap. 
(©MAYO CLINIC)
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Fig. 18.3 Intraoperative 
endoscopic image of 
left-sided nasoseptal flap 
elevation off the sphenoid 
rostrum with view between 
the flap and the vomer and 
sphenoid rostrum

a b

Fig. 18.4 Right extended nasoseptal flap for reconstruction of skull base defect after resection of 
left petroclival chondrosarcoma. (a) Intraoperative positioning of the nasoseptal flap prior to pack-
ing. (b) Well-healed nasoseptal flap at 8 week postoperative visit

 Inferior Turbinate and Lateral Nasal Wall Flap

The inferior turbinate and lateral nasal wall flap was first described in 2007 as an 
alternative to the posterior-based septal flap [16]. Anatomically, this flap is based on 
the inferior turbinate artery, which is a branch of the posterior lateral nasal artery, a 
terminal branch of the sphenopalatine artery [16, 17]. Initially this flap was limited 
to provide vascularized coverage to small midclival defects due to its limited surface 
area and arc of rotation. However, extended variations including mucosa from the 
nasal floor and septum have expanded the flap’s utility to larger clival defects [18, 
19]. Limitations to this flap include difficult dissection secondary to adherent 
mucosa on inferior turbinate bone, small surface area for non-extended flaps, and 
potential for random blood supply for extended portions of the flap [16–19]. 
Additionally, without extending the dissection, these flaps have a limited reach to 
the anterior cranial fossa or sella [18].

18 Local Vascularized Pedicled Flaps for Skull Base Reconstruction



258

Fig. 18.5 Medical 
illustration demonstrating 
planned mucosal incision 
for the inferior turbinate 
flap. (©MAYO CLINIC)

The dissection technique begins with a maxillary antrostomy followed by eleva-
tion of the mucosa over the vertical process of the palatine bone. A superior incision 
is made from the inferior aspect of the maxillary antrostomy toward the head of the 
inferior turbinate and can be extended high onto the lateral nasal wall. This incision 
is then carried inferiorly to the nasal floor. An additional horizontal incision is made 
at the head of the inferior turbinate to facilitate dissection of the mucosa in a sub-
periosteal plane off the turbinate. After the limits of subperiosteal dissection, the 
inferior turbinate bone can be resected, including the bone over the nasolacrimal 
duct. The dissection is carried on the lateral nasal wall down to the floor. At this 
point, the nasolacrimal duct is sharply transected with endoscopic microscissors to 
allow full elevation of the flap from the lateral wall (Fig. 18.5 medical illustration 
and Fig. 18.6 endoscopic images) [16, 17]. If a larger flap is required, mucosa of the 
lateral nasal wall anterior to the head of the inferior turbinate may be included [18, 
19]. The inferior incision is continued posteriorly toward the tail of the inferior tur-
binate and the superior and lateral aspect of the arch of the choana. The flap can then 
be elevated in the anterior to posterior direction and stored in the nasopharynx or 
maxillary sinus to protect it during tumor resection.

R. A. McMillan et al.
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a b

Fig. 18.6 Right inferior turbinate flap for reconstruction of skull base defect after revision resec-
tion of a recurrent clival chordoma. (a) Intraoperative position of inferior turbinate flap prior to 
packing. (b) Well-healed right inferior turbinate flap at 6 weeks postoperative

 Middle Turbinate Flap

The middle turbinate flap (MTF) was first described in 2009 for reconstruction of 
small defects of the sella, tuberculum, planum, and fovea ethmoidalis [20]. 
Anatomically, the middle turbinate is supplied by the middle turbinate artery, which 
is a branch of the posterior lateral nasal artery of the sphenopalatine artery entering 
along its horizontal portion [20, 21]. The middle turbinate has an attachment anteri-
orly to the agger nasi and cribriform plate, an oblique attachment to the lamina 
papyracea forming the basal lamella, and a posterior attachment to the lateral nasal 
wall. The middle turbinate can be utilized in the absence of the NSF availability or 
for more limited defects to preserve the NSF for future considerations [20, 22, 23]. 
It has been described as yielding 5–6 cm2 of mucosal coverage. The MTF is limited 
by the possible destabilization during previous operations and variable pneumatiza-
tion pattern of the turbinate. Additionally, the MTF is limited by its reach and size 
and would not be suitable for many skull base defects, including clivus or odontoid 
reconstruction [20].

The dissection technique begins with a vertical incision with a needle-tip cautery 
anteriorly from the head of the middle turbinate superiorly toward the axilla. An 
additional horizontal incision can be made on the medial surface of the turbinate 
along the cribriform attachment. The mucosa is then elevated in a submucoperios-
teal plane off the turbinate. The bony turbinate is then removed in a piecemeal 
fashion. An incision can then be made on the lateral surface of the turbinate starting 
at the axilla moving posteriorly toward its posterior attachment point, preserving the 
middle turbinate artery pedicle (Fig. 18.7 medical illustration). The elevated flap 
can then be stored in the nasopharynx or maxillary sinus to protect it during tumor 
resection [20–23].
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Fig. 18.7 Medical illustration demonstrating planned mucosal incision for the middle turbinate 
flap. (©MAYO CLINIC)

 Extranasal Flaps

Extranasal vascularized pedicle flaps can be considered in cases where the more 
commonly utilized local flaps are unavailable due to previous surgical history or 
tumor involvement [24]. The facial artery buccinator (FAB) and palatal flap are two 
options that typically have different applications outside skull base reconstruction; 
however, due to their proximity and reach, these flaps can be considered in a sur-
geon’s reconstruction algorithm [25, 26]. Pericranial flap and temporoparietal flap 
are more commonly used and are covered in another chapter.

For skull base reconstruction, the FAB flap is a superiorly based variation that 
can include mucosa and buccinator muscle or muscle alone and is dependent on 
retrograde arterial flow. Anatomic studies have demonstrated theoretical reach to 
the planum sphenoidale; however, tunneling necessitates a Caldwell-Luc osteotomy 
with a medial maxillectomy which in practice limits the posterior reach of flap [26]. 
At this juncture, the palatal flap is largely experimental for skull base reconstruction 
and involves harvesting the mucosa in a submucoperiosteal plane overlying the hard 
palate based off the greater palatine artery [24, 25]. The greater palatine foramen is 
then drilled transorally to allow transposition of the flap into the nasal cavity. This 
technique requires a medial maxillectomy and uncovering of the pterygopalatine 
foramen at the posterior maxillary sinus to tunnel the flap [25]. This flap can provide 
soft tissue coverage to the defects arising near the clivus or sella; however, the risk 
of postoperative oral-antral fistula makes this an unfavorable reconstructive 
option [24].
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 Outcomes

Extent of tumor resection, prevention of postoperative CSF leak, decreased morbid-
ity, and acceptable quality of life are the main metrics for successful outcome in 
skull base reconstruction. A series has demonstrated postoperative leak rates of 
0–5% for the nasoseptal flap when used for anterior skull base reconstruction [27]. 
Additionally, it has been shown that high-flow intraoperative CSF leaks have a 94% 
success rate with the nasoseptal flap [1]. A study by Zanation et al. demonstrated 
that obesity, large dural opening, tumor pathology, corridor of resection, and post-
operative lumbar drain did not adversely correlate with postoperative flap failure 
[1]. However, other studies have shown previous radiation and flap utilization in 
pediatric population as being correlated with higher CSF leak rates after nasoseptal 
flap reconstruction [1, 28]. Institutional experience regarding outcomes for inferior 
turbinate, middle turbinate, and extranasal flaps is limited; however, Zanation et al. 
have previously reported successful repair utilizing inferior turbinate flap, facial 
artery buccinator flap, and lateral nasal wall flap [27]. The authors did have a failure 
utilizing the MTF and have limited its utilization in their reconstruction algorithm.

Short-term morbidity associated with intranasal pedicled flaps includes nasal 
obstruction, crusting, and hyposmia [29]. Studies have shown that there is a tran-
sient decrease in quality-of-life metrics in initial postoperative period that return to 
baseline by 3 months [30]. Other studies support that Sinonasal Outcome Test-22 
(SNOT-22) surveys at 3 month postoperative visits are not worse compared to pre-
operative surveys [29]. However, it has been shown that up to 2 years postopera-
tively, Lund-Mackay scores show elevated scores indicating long-term mucosal 
inflammation [29]. Mucocele formation can occur due to incomplete removal of 
sinonasal mucosa at the reconstruction site. A series has demonstrated rates of post-
operative mucocele formation at 0–3.6% [31].

NSF donor site morbidity can be associated with prolonged nasal crusting, septal 
perforation, and nasal deformity [31]. Reepithelialization of the exposed septal car-
tilage and bone is the proposed mechanism of significant crusting following sur-
gery; however, studies have not demonstrated prolonged duration of crusting 
compared to endoscopic skull base patients without NSF. Additionally, when focus-
ing on the crusting aspects of the SNOT-22 surveys, patients did not perceive worse 
symptoms after their 3 month follow-up [30]. Septal perforation rates have been 
shown to vary between 0.9% and 14.4%; however, it is important to note that more 
posterior perforations likely are asymptomatic in patients. Snyderman et al. have 
reported rates of nasal dorsum collapse of 5.8% [32].

Short-term and long-term olfactory outcomes must be considered after NSF har-
vest. Studies have shown that short-term (3 month) and long-term (1 year) postop-
erative University of Pennsylvania Smell Inventory Test was not significantly altered 
after nasoseptal flap harvest [33]. When testing the olfactory function of the ipsilat-
eral side to NSF harvest, there was evidence of subclinical olfactory impairment 
[34]. Use of olfaction metrics on SNOT-22 scores suggests that patients experience 
a subjective decrease in sense of smell at 3 months postoperatively; however, long 
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Table 18.1 Summary of local vascularized pedicle flaps with named blood supply, length, and 
surface area

Flap
Blood 
supply

Length 
(cm)

Surface 
area (cm2)

Extended 
length (cm)

Extended 
surface area 
(cm2)

Locations 
used

Nasoseptal flap 
[11, 14, 35]

Posterior 
septal artery

9.4 25.0 32.7 13.4 S, P, FE, 
CP, C, O

Inferior 
turbinate flap 
[17, 18]

Inferior 
turbinate 
artery

5.4 2.4 5.0 27.3 S, C, O

Middle 
turbinate flap 
[20]

Middle 
turbinate 
artery

4.0 5.6 N/A N/A S, P, FE

S sella, P planum, FE fovea ethmoidalis, CP cribriform plate, C clivus, O odontoid

term these results returned to preoperative baseline [33]. Additionally, it has been 
shown that the use of cold knife versus monopolar cautery does not alter olfactory 
outcomes in these patients [33] (Table 18.1).

References

1. Zanation AM, et al. Nasoseptal flap reconstruction of high flow intraoperative cerebral spinal 
fluid leaks during endoscopic skull base surgery. Am J Rhinol Allergy. 2009;23(5):518–21.

2. Hadad G, et  al. A novel reconstructive technique after endoscopic expanded endonasal 
approaches: vascular pedicle nasoseptal flap. Laryngoscope. 2006;116(10):1882–6.

3. Pinheiro-Neto CD, Snyderman CH. Nasoseptal flap. Adv Otorhinolaryngol. 2013;74:42–55.
4. Sigler AC, et al. Endoscopic skull base reconstruction: an evolution of materials and methods. 

Otolaryngol Clin N Am. 2017;50(3):643–53.
5. Reyes C, Mason E, Solares CA. Panorama of reconstruction of skull base defects: from tradi-

tional open to endonasal endoscopic approaches, from free grafts to microvascular flaps. Int 
Arch Otorhinolaryngol. 2014;18(Suppl 2):S179–86.

6. Choby GW, et al. Delayed nasoseptal flaps for endoscopic skull base reconstruction: proof of 
concept and evaluation of outcomes. Otolaryngol Head Neck Surg. 2015;152(2):255–9.

7. Pinheiro-Neto CD, et  al. Use of acoustic Doppler sonography to ascertain the feasibil-
ity of the pedicled nasoseptal flap after prior bilateral sphenoidotomy. Laryngoscope. 
2010;120(9):1798–801.

8. Hirsch O. Successful closure of cere brospinal fluid rhinorrhea by endonasal surgery. AMA 
Arch Otolaryngol. 1952;56(1):1–12.

9. Neligan PC, et  al. Flap selection in cranial base reconstruction. Plast Reconstr Surg. 
1996;98(7):1159–66; discussion 1167–8.

10. Snyderman CH, et al. Anterior cranial base reconstruction: role of galeal and pericranial flaps. 
Laryngoscope. 1990;100(6):607–14.

11. Peris-Celda M, et al. The extended nasoseptal flap for skull base reconstruction of the clival 
region: an anatomical and radiological study. J Neurol Surg B Skull Base. 2013;74(6):369–85.

12. Park W, et  al. Nasoseptal flap elevation in patients with history of septal surgery: does it 
increase flap failure or cerebrospinal fluid leakage? World Neurosurg. 2016;93:164–7.

R. A. McMillan et al.



263

13. Pinheiro-Neto CD, Peris-Celda M, Kenning T.  Extrapolating the limits of the nasoseptal 
flap with pedicle dissection to the internal maxillary artery. Oper Neurosurg (Hagerstown). 
2019;16(1):37–44.

14. Shastri KS, et al. Lengthening the nasoseptal flap pedicle with extended dissection into the 
pterygopalatine fossa. Laryngoscope. 2020;130(1):18–24.

15. Ramsey T, et al. Composite chondromucosal nasoseptal flap for reconstruction of suprasellar 
defects. World Neurosurg. 2021;149:11–4.

16. Fortes FS, et al. The posterior pedicle inferior turbinate flap: a new vascularized flap for skull 
base reconstruction. Laryngoscope. 2007;117(8):1329–32.

17. Harvey RJ, Sheahan PO, Schlosser RJ. Inferior turbinate pedicle flap for endoscopic skull base 
defect repair. Am J Rhinol Allergy. 2009;23(5):522–6.

18. Choby GW, et al. Extended inferior turbinate flap for endoscopic reconstruction of skull base 
defects. J Neurol Surg B Skull Base. 2014;75(4):225–30.

19. Rivera-Serrano CM, et al. Posterior pedicle lateral nasal wall flap: new reconstructive tech-
nique for large defects of the skull base. Am J Rhinol Allergy. 2011;25(6):e212–6.

20. Prevedello DM, et al. Middle turbinate flap for skull base reconstruction: cadaveric feasibility 
study. Laryngoscope. 2009;119(11):2094–8.

21. Carnevale C, et al. Middle turbinate mucosal flap: a low-morbidity option in the management 
of skull base defects. Head Neck. 2021;43:1415.

22. Amin SM, Fawzy TO, Hegazy AA.  Composite vascular pedicled middle turbinate flap for 
reconstruction of sellar defects. Ann Otol Rhinol Laryngol. 2016;125(9):770–4.

23. Simal Julian JA, et al. Middle turbinate vascularized flap for skull base reconstruction after an 
expanded endonasal approach. Acta Neurochir. 2011;153(9):1827–32.

24. Kim GG, et al. Pedicled extranasal flaps in skull base reconstruction. Adv Otorhinolaryngol. 
2013;74:71–80.

25. Oliver CL, et  al. Palatal flap modifications allow pedicled reconstruction of the skull base. 
Laryngoscope. 2008;118(12):2102–6.

26. Rivera-Serrano CM, et al. Pedicled facial buccinator (FAB) flap: a new flap for reconstruction 
of skull base defects. Laryngoscope. 2010;120(10):1922–30.

27. Patel MR, et al. Beyond the nasoseptal flap: outcomes and pearls with secondary flaps in endo-
scopic endonasal skull base reconstruction. Laryngoscope. 2014;124(4):846–52.

28. Harvey RJ, et al. Intracranial complications before and after endoscopic skull base reconstruc-
tion. Am J Rhinol. 2008;22(5):516–21.

29. Riley CA, et al. Long-term sinonasal outcomes after endoscopic skull base surgery with naso-
septal flap reconstruction. Laryngoscope. 2019;129(5):1035–40.

30. Jalessi M, et al. Impact of nasoseptal flap elevation on sinonasal quality of life in endoscopic 
endonasal approach to pituitary adenomas. Eur Arch Otorhinolaryngol. 2016;273(5):1199–205.

31. Lavigne P, et al. Complications of nasoseptal flap reconstruction: a systematic review. J Neurol 
Surg B Skull Base. 2018;79(Suppl 4):S291–9.

32. Rowan NR, et  al. Nasal deformities following nasoseptal flap reconstruction of skull base 
defects. J Neurol Surg B Skull Base. 2016;77(1):14–8.

33. Puccinelli CL, et al. Long-term olfaction outcomes in transnasal endoscopic skull-base sur-
gery: a prospective cohort study comparing electrocautery and cold knife upper septal limb 
incision techniques. Int Forum Allergy Rhinol. 2019;9(5):493–500.

34. Soyka MB, et al. Long-term olfactory outcome after nasoseptal flap reconstructions in midline 
skull base surgery. Am J Rhinol Allergy. 2017;31(5):334–7.

35. Pinheiro-Neto CD, et  al. Study of the nasoseptal flap for endoscopic anterior cranial base 
reconstruction. Laryngoscope. 2011;121(12):2514–20.

18 Local Vascularized Pedicled Flaps for Skull Base Reconstruction



265

Chapter 19
Extracranial Flaps for Skull Base 
Reconstruction

Daniel A. Alicea and Patrick Colley

 Pericranial Flap

 History

The pericranial flap was first introduced in 1978 by Wolfe [1]. Since that time, it has 
become a workhorse vascular flap for open anterior skull base reconstruction. In 
regard to endoscopic surgery, the pericranial flap is typically used for reconstruction 
when the nasal septal flap is unavailable or compromised due to surgical pathology 
or previous treatment. In order to use the pericranial flap, a point of entry needs to 
be made into the sinuses or nasal cavity. The details of this will be discussed later in 
this section.

 Anatomy

The scalp consists of five discrete tissue layers: skin, subcutaneous tissue, galea 
aponeurotica, subgaleal loose connective tissue, and pericranium (Fig. 19.1). The 
galea aponeurotica is continuous with the frontalis muscle anteriorly, the occipitalis 
muscle posteriorly, and the temporoparietal fascia laterally at the superior temporal 
line. The subgaleal loose connective tissue provides a reliable plane for easy 
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Fig. 19.1 Vascular supply 
of the pericranial flap. 
(Figure adapted from Yano, 
T. Reliability of and 
Indications for Pericranial 
Flaps in Anterior Skull 
Base Reconstruction. J 
Craniofacial Surg. 2011. 
22;2: 482–485)

dissection just superior to the pericranium. The pericranium is the outermost layer 
of the skull bones and is therefore adherent to these underlying structures. Laterally, 
the pericranium is continuous with the deep temporal fascia of the temporalis mus-
cle. The temporal line is the lateral point where these two structures meet and marks 
the lateral border of the anteriorly based pericranial flap.

The pericranium has a robust blood supply that comes from multiple axial ves-
sels as well as connections to perforators from the underlying calvaria. These axial 
vessels include the supratrochlear, supraorbital, superficial temporal, greater auricu-
lar, and occipital arteries [2]. Due to this rich blood supply, the pericranial flap can 
be used as an anteriorly or laterally based flap. For the purposes of this chapter, the 
anteriorly based flap will be discussed as the lateral based flaps are typically reserved 
for open skull base reconstruction and lateral skull base defects. In addition, these 
laterally based flaps have a less consistent blood supply pattern. The anterior vessels 
that supply the pericranium are the supraorbital and supratrochlear arteries. These 
vessels divide into superficial and deep branches within a centimeter after exiting 
their respective foramina [2, 3]. The superficial branches supply the galea and the 
overlying skin, while the deep arteries travel within the pericranium and provide the 
blood supply to this flap. This bilateral perfusion pattern allows the pericranial flap 
to be harvested in a unilateral or bilateral fashion. The average width of the bilateral 
flap is 10 cm, while the unilateral flap is 5 cm [3]. Based on these distances, the 
width of the unilateral flap is likely to be adequate for coverage of the entire anterior 
skull base extending from orbit to orbit [4].
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The length of the pericranial flap is also of significant importance. Robust perfu-
sion has been demonstrated in the pericranium to an average of 17 cm from the 
orbital rim [3]. Recommended pericranial flap lengths have been published based 
on the radiographic length of the anterior skull base. The sella is the most posterior 
portion of the anterior skull base, and the length of pericranial flap required to cover 
this area is typically between 14 and 17 cm. Other reports have been published dis-
cussing the use of the pericranial flap to repair posterior skull base defects, mostly 
involving the clivus. The average length of a pericranial flap required to repair a 
defect in this location is 18–21 cm [4]. At this length, the blood supply of the peri-
cranial flap is questionable, but the pericranial flap was still shown to be an effective 
means of repairing skull base defects in this area [3, 5].

Skull base location Length of PCF—measured from brow (cm)

Anterior skull base 12–14
Sella 14–17
Clivus 18–21

Based on data from Patel, MR, Shah RV, Snyderman CH et al. Pericranial flap for 
endoscopic skull-base reconstruction: clinical outcomes and radioanatomic analysis 
of preoperative planning

 Surgical Steps

Harvesting the pericranial flap starts with an external incision. The forehead and 
face should be prepped and draped in a sterile fashion. The required flap length 
should be calculated based on the anticipated site of repair and marked for identifi-
cation during the surgery. This can be performed by measuring from the orbital rim 
posteriorly and using staples or a clamp on the drapes. The type of incision is deter-
mined primarily based on whether the flap is harvested via an endoscopic technique 
or open technique (Fig. 19.2). Classically, an open technique has been used to har-
vest the pericranial flap. This involves a coronal incision posterior to the hairline 
that is carried down to the level of the loose connective tissue just superficial to the 
pericranium. This tissue layer allows for an easily identifiable dissection plane that 
can be used to dissect the superficial tissue layers of the scalp from the pericranium. 
Dissection within the loose connective tissue should continue from the temporal 
line laterally to a point approximately 1 cm superior to the orbital rim. Care should 
be taken at this point in the dissection as it is possible to damage the deep branches 
of the supratrochlear and supraorbital arteries as they course to the pericranium 
within a centimeter of the orbital rim. Depending on the length of the flap that is 
required, dissection posterior to the skin incision may be required. This should pro-
ceed in the same loose connective tissue layer as the anterior dissection until the 
appropriate length of pericranial flap can be harvested.
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Fig. 19.3 Nasionectomy 
with PCF. The nasion skin 
incision should be made in 
any available skin creases 
and should extend as wide 
as possible without 
disrupting the medial 
canthal tendon. The bony 
opening should extend the 
same width and should be 
at least 5 mm in superior- 
inferior dimension

Fig. 19.2 PCF incisions. 
Lighted retractors and 
endoscopic brow lift 
instruments can be used for 
dissection of the subgaleal 
plane. A long needle tip 
bovie can be used to make 
the pericranial flap 
incisions to allow for 
dissection of the flap from 
the underlying calvaria

The endoscopic harvest of the pericranial flap was originally described by 
Zanation et al. and involves a different incision than the open flap [6]. Three vertical 
2 cm incisions can be made within the hairline, or a 3 cm pretrichial incision can be 
used to allow for instrument and endoscope access (Fig. 19.3). The endoscopic peri-
cranial flap typically involves a unilateral pericranial flap, so the pretrichial incision 
should be marked just lateral to the midline. Regardless of the incision used, dissec-
tion is performed using typical open surgical techniques until the loose connective 
tissue layer is identified. A pocket is dissected within this layer to allow for 
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placement of the endoscope and instrument. Further dissection is performed using 
endoscopic techniques and typically involves a suction Freer and Cottle elevator. A 
0° or 30° endoscope can be used, and endoscopic brow equipment such as optical 
dissectors with distal suction may also be helpful but is not required. The same sur-
gical borders are used in the endoscopic pericranial flap including the temporal lines 
laterally and orbital rim inferiorly. Dissection generally crosses the midline by 
approximately 1 cm at most to allow for preservation of the contralateral pericranial 
flap and to decrease postoperative edema.

Once the superficial dissection is complete, the flap incisions are made. These 
can be completed using a long needle tip bovie if the endoscopic technique is used 
(Fig. 19.4). Blunt dissection is then used to carefully dissect the flap from the under-
lying calvarial bone. Dissection deep to the flap should be continued inferiorly to 
the orbital rim taking care not to damage the supratrochlear or supraorbital vessels 
as they exit their foramina. The inferior lateral portion of the flap often requires a 
small horizontal releasing incision along the lateral orbital rim to allow for the flap 
to be properly rotated. To protect the supraorbital artery, palpation or a Doppler can 
be used to identify the foramina, and the releasing incision should remain lateral to 
this point. The supraorbital foramen is typically 2.75 cm from the nasal midline [6].

In open skull base surgery, a craniotomy is performed, and the pericranial flap 
can be rotated over the anterior portion of the craniotomy in an epidural plane to 
allow for skull base repair. In endoscopic surgery, an entry point into the frontal 
sinus must be made in order to pass the pericranial flap from its extranasal location 
to the intranasal area for use in skull base repair. In addition, a modified Lothrop 
frontal sinusotomy must also be performed in order to allow for passage of the flap 
during surgery and proper frontal sinus drainage after surgery. The external frontal 
osteotomy can be accomplished via two methods. The first method involves an 

Fig. 19.4 Endoscopic 
harvest of PCF. The 
unilateral pericranial flap 
should be rotated and 
advanced through the 
nasion skin incision to 
ensure full rotation without 
compromising the pedicle 
vasculature
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osteotomy made through the superior portion of the anterior table of the frontal 
sinus via the same skin incision used to harvest the flap. The incision should be 
made approximately 2  cm in medial to lateral dimension and 5  mm in vertical 
dimension. This has been described as the letterbox technique. The pericranial flap 
is typically inserted superiorly in the frontal sinus which would allow for coverage 
of the posterior table of the sinus in addition to the ethmoid and cribriform skull 
base [7]. The second method of insertion involves a nasion skin incision. The skin 
incision should be made in a natural crease if possible and should allow for easy 
access to the underlying frontal bone. Via this second incision, a bony osteotomy is 
made of a similar dimension to the letterbox technique. The pericranial flap is then 
carefully rotated to allow for passage through this osteotomy into the frontal sinus 
(Fig. 19.4). This osteotomy is typically performed more inferiorly than the letterbox 
technique and allows for a more direct application of the flap to the anterior skull 
base and therefore requires a slightly shorter flap length than the letterbox tech-
nique. Regardless of which technique is chosen, care should be taken not to rotate 
the flap in a manner that compresses the flap pedicle and causes decreased perfu-
sion. A third, transorbital method of insertion has been described in cadavers but has 
not been used in the clinical setting at this time.

Once the flap is present in the nose, it can be used as an onlay in a multilayer 
technique to repair areas of the skull base extending from the most inferior portion 
of the posterior table to the sella. Dural substitutes or autologous materials such as 
fascia lata should be placed as an inlay with the edges tucked behind the bony mar-
gins of the endonasal craniotomy. The pericranial flap can then be placed over the 
top of this graft and secured in place using Surgicel, NasoPore, or whichever pack-
ing material is preferred (Fig. 19.5). Care should be taken to ensure that the edges 
of the pericranial flap sit directly on the bony edges of the craniotomy and no 

Fig. 19.5 Inlay present 
w/o PCF/PCF covering 
inlay. After placement of 
an inlay graft, the 
pericranial flap is advanced 
through the nasionectomy 
bony opening and carefully 
pulled to cover the skull 
base opening to form a 
watertight seal
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mucosa is left between the bone and the flap. If the frontal sinuses are narrow and 
the flap appears to completely obstruct these outflow tracts, packing or stents can be 
placed into the lateral portions of the frontal sinuses to allow them to remain patent 
in the postoperative setting.

The skin incisions should be closed using fine suture material in a multilayer 
technique. Subgaleal edema in the area of the pericranial flap harvest is often seen 
in the first 24–72 h after surgery. A head wrap can be placed over this area to help 
prevent a hematoma or decrease edema once it is present. Care should be taken to 
avoid placing pressure on the supraorbital rim with any head wraps that are placed 
to avoid compressing the flap pedicle. Placement of drains into this space is not 
typically necessary.

 Outcomes

As stated previously, the pericranial flap has been used routinely for open skull base 
surgery for over 30 years with a significant rate of success. Since the introduction of 
endoscopic skull base reconstruction with the pericranial flap in 2010, multiple case 
series have demonstrated a similarly high success rate for this technique [4, 5, 8]. 
Patel et al. published a series of 16 endoscopic skull base reconstructions with peri-
cranial flaps in 2014 with a 100% success rate. The pericranial flap has even been 
used as a rescue flap in secondary posterior fossa reconstructions. Gode et al. also 
published a series using the endoscopic pericranial flap for secondary reconstruc-
tion of posterior fossa defects and found a similarly high success rate although 
multiple patients needed augmentation in the post-op period with further tissue 
grafts. It should be noted that many of these series used pericranial flaps as a sec-
ondary reconstructive means after failure of the initial repair.

 Conclusion

The pericranial flap is a reliable vascular flap that can be used for primary and sec-
ondary reconstruction of the anterior skull base after endoscopic surgery. It does 
require an external frontal sinusotomy to passage into the nasal cavity as well as a 
skin incision. However, the high success rate of skull base repair should make this 
flap a valuable tool in complex endoscopic skull base surgery.

 Temporoparietal Fascia Flap

The temporoparietal fascia flap (TPFF) is an extracranial pedicled flap used for 
anterior skull base reconstruction that is based on the superficial temporal artery, a 
terminal branch of the external carotid artery. The anatomy of the temporoparietal 

19 Extracranial Flaps for Skull Base Reconstruction



272

Pericranium

Superficial
temporoparietal
fascial

fascia

of fusion

yer of

fascia

Superficial
temporal fat

pad

Temporalis
muscle and

tendon

Deep
fat

Zygoma

Coronoid
process of

mandible

Superficial layer
of deep temporal
fascia

Frontal branch of
facial nerve

Periosteum

Pa
fascia

SMAS

Masseter muscle

Deep temporal

Temporal line

Deep la
deep temporal

temporal 
rotid masseteric

Fig. 19.6 Anatomy of the temporal region. SMAS superficial musculoaponeurotic system (Baker, 
SR. Local Flaps in Facial Reconstruction; Fourth Edition, 2022)

region is comprised of several soft tissue layers: skin, subcutaneous tissue, tempo-
roparietal fascia, loose areolar tissue, temporalis fascia, temporalis muscle, and 
pericranium (Fig. 19.6). The temporoparietal fascia is continuous with the superfi-
cial musculoaponeurotic system (SMAS) inferiorly, the orbicularis oculi and fron-
talis muscles anteriorly, the galea aponeurotica superiorly, and the occipitalis muscle 
posteriorly [9, 10]. The superficial temporal artery runs within the temporoparietal 
fascia and provides its blood supply. It divides into an anterior and a posterior 
branch roughly at the level of the zygomatic arch. The TPFF is based on the anterior 
branch of the superficial temporal artery [10]. Deep to the temporoparietal fascia 
runs the frontal branch of the facial nerve after it crosses the superficial surface of 
the zygomatic arch. The nerve generally runs along Pitanguy’s Line, an imaginary 
line starting from 0.5 cm below the tragus to 1.5 cm above the lateral eyebrow.
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The pedicled TPFF is a versatile flap that has been used for the reconstruction of 
a variety of head and neck defects (e.g., intraoral, oronasal, nasocutaneous, auricu-
lar). It has also been described as a free microvascular flap [9, 10]. Traditionally, it 
has been used for skull base reconstruction after open craniofacial resections. 
Recently, the use of the TPFF in the reconstruction of anterior and central skull base 
defects has been described [9–13]. Some authors have also described its use for the 
reconstruction of lateral skull base defects [12]. Its rich vascularity makes it a robust 
flap and an ideal option for patients who have undergone prior radiation therapy to 
the surgical site. At its largest dimension, the fan-shaped flap is 2–3 mm in thickness 
and can reach up to 17 cm × 14 cm in size [10, 14]. It is thin and pliable which 
makes it a favorable reconstructive option for skull base defects with complex irreg-
ular surfaces.

Once the defect size and site are determined, the flap may be harvested from 
either side of the scalp [10] (Fig.  19.7). Several surgical techniques have been 
described in the literature. There are four surgical “corridors” to transpose the TPFF 
into the nasal cavity: (1) infratemporal/transpterygoid pathway (traditional, 
Fig. 19.8); (2) anterior cranial fossa pathway via a pterional frontoparietal craniot-
omy; (3) orbital pathway via a window in the lateral orbital wall; and (4) middle 
cranial fossa pathway via a temporoparietal craniotomy [9]. To harvest the TPFF, a 
hemicoronal incision is made down to the level of the hair follicles. Care is taken 
not to injure the vascular pedicle during this step. The skin and subcutaneous tissues 
are then elevated off the temporoparietal fascia until an adequate surface area is 
exposed. The dimensions of the flap are designed, and the temporoparietal fascia is 
incised and elevated off the cranium and deep temporal fascia down to its vascular 

Fig. 19.7 Planned left 
hemicoronal incision for 
the harvest of the 
temporoparietal flap [10]
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Fig. 19.8 Transposition of the temporoparietal fascia flap through the infratemporal/transptery-
goid pathway [15]. ZA zygomatic arch, TMF temporalis muscle fascia, TPFF temporoparietal 
fascia flap, PMS posterior maxillary sinus, IOF inferior orbital fissure

pedicle. At this point, a surgical corridor is chosen to transpose the TPFF into the 
nasal cavity. The traditional approach involves the transposition of the flap through 
the pterygopalatine fossa. This space is first exposed endoscopically prior to har-
vesting the TPFF. Then, after harvesting the TPFF, a wide subperiosteal tunnel is 
then made over the surface of the zygomatic arch to allow passage of the flap with-
out compression of the pedicle. The temporalis muscle is elevated posteriorly to 
allow access to the temporal, infratemporal, and pterygopalatine fossae [10, 11]. A 
guidewire is inserted through this soft tissue tunnel into the nasal cavity and is then 
subsequently dilated with the passage of percutaneous tracheostomy dilators over 
the wire. Transposition of the flap is facilitated by suturing its distal portion to the 
external end of the guidewire and pulling the wire through the transpterygoid tunnel 
into the nasal cavity. Attention is placed to avoid any twisting of the vascular pedicle 
during this step. The TPFF is then used to reconstruct the skull base defect per sur-
geon preference. The external incision is closed in a multilayered fashion after 
insertion of a suction drain.

Other authors describe a “side-door TPFF” with the creation of an epidural cor-
ridor over the orbital roof by making a pterional frontoparietal craniotomy and con-
necting it endoscopically to the nasal cavity [9]. This allows a straight trajectory for 
the transposition of the TPFF into the nasal cavity for reconstruction of large ante-
rior skull base defects. In this cadaveric study, the authors found that the TPFF lined 
85% of the anterior skull base surface area compared to the pericranial flap (65%). 
These authors also comment on a theoretical orbital pathway which could be useful 
in patients with orbital exenteration.
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Special considerations when harvesting the TPFF include reducing the incidence 
of facial nerve injury and alopecia. Since the frontal branch of the facial nerve runs 
along Pitanguy’s Line, dissection past this imaginary line between the tragus and 
the lateral eyebrow is discouraged. Also, careful dissection in the plane between the 
subcutaneous tissue and the temporoparietal fascia will reduce the incidence of alo-
pecia [10].

 Other Experimental Flaps

 Pedicled Palatal Flap

The pedicled palatal flap is an experimental flap based on the greater palatine artery, 
a branch of the internal maxillary artery. It involves harvesting the mucosa from the 
hard palate and transposing it into the nasal cavity through the greater palatine fora-
men [16] (Fig. 19.9). The authors describe using a high-speed drill to enlarge the 
greater palatine foramen to create a corridor into the nasal cavity for the palatal flap. 
To allow for a greater arc of rotation, the descending palatine artery is carefully dis-
sected and mobilized from the pterygopalatine canal. Once the palatal flap is inside 
the nasal cavity, the bony palatal defect is covered with the mucosa of the nasal floor 
and inferior turbinate. The pedicled flap is then used to reconstruct the skull base 
defect per surgeon preference.

In the cadaveric study, the flap was noted to have a pedicle roughly 3  cm in 
length and a surface area of 12–18 cm2. Given this configuration, the authors found 
the palatal flap amenable to reconstruction of planum, sellar, and clival defects. The 
bony palatal defect was noted not to exceed 1.5 cm2 in surface area. Nevertheless, 
the most dreaded morbidity is a persistent oronasal fistula. To date, there has been 
no clinical application of the palatal flap in the literature. As a result, the palatal flap 
remains an option of last resort in endoscopic skull base reconstruction.

a b c

Fig. 19.9 Illustration of the pedicled palatal flap [16]. (a) Outline of the palatal flap; (b, c) harvest 
of the palatal flap with preservation of the greater palatine pedicle
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 Facial Artery Buccinator Flap

The facial artery buccinator flap (FABF) is a well-described pedicled flap for the 
reconstruction of oral cavity and other head and neck defects; however, it has 
recently been proposed as a reconstructive option for the anterior skull base [17, 
18]. As its name implies, this flap is based on the facial artery, and it can be har-
vested as either a muscular or a myomucosal flap. In the application for anterior 
skull base reconstruction, the FABF is designed as a superiorly based flap with ret-
rograde flow through the facial/angular artery. Venous outflow is primarily via the 
buccal plexus rather than named veins; hence, maximizing pedicle width is impor-
tant to minimizing venous congestion. A cadaveric study demonstrated that the 
FABF, transposed through an anterior maxillary corridor, can reliably reach the 
anterior skull base and planum sphenoidale [17]. Flap dimensions were described as 
>10 cm2 and a length of 7–8 cm.

To harvest the flap, incisions are made in the buccal mucosa taking care to 
preserve Stensen’s duct postero-superiorly. The facial artery is identified inferi-
orly, transected, and ligated to allow a greater arc of rotation superiorly for the 
transposition of the flap. After the flap is raised, the anterior wall of the maxilla is 
exposed, and a generous maxillary osteotomy is created with the superior limit at 
the level of the infraorbital foramen. The flap is then transposed into the previ-
ously dissected sinonasal cavity and placed accordingly to cover the skull base 
defect (Fig. 19.10). If harvesting a myomucosal flap, a 180-degree rotation of the 
flap is necessary to keep the mucosa facing the sinonasal cavity, increasing the 
risk of venous congestion. The buccal defect, when present, is closed primarily or 
with AlloDerm [17, 18].

Complications include facial and/or dental paresthesias and persistent epiphora 
due to nasolacrimal duct injury. Facial nerve injury is unlikely given that the plane 
of dissection is deep to the facial nerve branches. Multiple publications have 
reported no long-term facial nerve complications with FABF harvest [17, 18]. 
Special considerations for the oral cavity donor site include the development of 
trismus and the transfer of oral cavity flora to the skull base.

 Occipital Galeo-pericranial Flap

The occipital galeo-pericranial flap (OGPF) is a pedicled flap based on the occipital 
artery [13, 14, 19]. There have been several uses of this flap in the head and neck 
region; however, there is only one cadaveric study reported in the literature for its 
use in anterior skull base reconstruction [20]. The authors found that the OGPF was 
able to provide complete coverage of the anterior skull base in all the specimens. 
The mean pedicle length was found to be 8 cm, and surface areas up to 44 cm2 
(11 cm long × 4 cm wide) were harvested.
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Facial Artery

Flap inset on the
anterior skull base

Sphenoid Sinus

Frontal Sinus

Nasopharynx

Fig. 19.10 Transposition 
of the facial artery 
buccinator flap onto the 
anterior skull base [17]. 
Black arrows, facial artery; 
white arrows, flap inset on 
the anterior skull base; 
white circle, sphenoid 
sinus; black square, 
nasopharynx; black 
diamond, frontal sinus

An incision is made along the anterior border of the sternocleidomastoid 
(SCM) muscle and then continued postero-superiorly to the midportion of the 
ipsilateral occipital scalp. The attachment of several neck muscles (SCM, sple-
nius capitis, longissimus capitis) is transected just below the mastoid process. 
This exposes the vascular pedicle which is then dissected postero-superiorly 
until the occipital scalp is reached. The galea is then exposed by raising subcuta-
neous (supragaleal) skin flaps until adequate surface area is obtained. The flap 
design is centered on the vascular pedicle and the galeoperiosteum incised and 
elevated in a subperiosteal plane. Once the flap is elevated, transposition occurs 
through a transparapharyngeal/transpterygoid tunnel. This tunnel is bluntly dis-
sected in the neck and then connected to the sinonasal cavity by performing a 
wide maxillary antrostomy with posterior medial maxillectomy. Ligation of the 
vascular structures in the pterygopalatine fossa and the removal of the inferior 
aspect of the pterygoid plates are necessary to open the corridor to the sinonasal 
cavity. Percutaneous tracheostomy dilators are then used from the neck into the 
nasal cavity to dilate this tunnel until the flap can be delivered into the nasal 
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cavity. The skull base defect is then repaired and the donor site closed per sur-
geon preference.

Complications include injury to critical neck structures (e.g., cranial nerves, vas-
cular injury, inadvertent pharyngeal entry), as well as flap compromise. Even though 
several neck muscles are transected, some authors have noted no significant func-
tional deficits postoperatively [20].
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Chapter 20
Free Flap Reconstruction of Anterior Skull 
Base Defects

Ashley Lonergan and Tjoson Tjoa

Anterior skull base surgery can present challenges to both ablative and reconstruc-
tive surgeons due to the complex regional anatomy and lack of surgical space. 
Historically, open approaches to the anterior skull base often resulted in high rates 
of morbidity and mortality [1]. Over the past two decades, technological advances 
in preoperative imaging and intraoperative monitoring have increased the safety and 
efficacy of these surgeries. Additionally, with improved collaboration and innova-
tion within the fields of both neurosurgery and otolaryngology, more aggressive 
approaches via minimally invasive endoscopic endonasal surgery have broadened 
the indications for anterior skull base procedures [2]. As these indications have 
expanded, ablative surgery of the anterior skull base has allowed for more radical 
tumor extirpation, resulting in increasingly larger and more complex defects.

A combination of noncellular materials and local flaps are standardly used in 
anterior skull base surgery and are very effective for limited skull base resections. 
These include manufactured alloplastic materials and avascular grafts such as fascia 
lata grafts, in addition to local and regional pedicled flaps such as turbinate flaps, 
temporalis flaps, nasoseptal pedicled flaps, and pericranial flaps—the latter two 
being the accepted standard for the majority of such defects [3, 4]. However, many 
ablative procedures for the anterior skull base involve structures outside of the sino-
nasal cavity and include large volumes of tissue loss requiring reconstruction, often 
with a variety of tissue types. Open skull base reconstruction with free tissue trans-
fer continues to be performed, particularly for larger malignant tumors and compos-
ite defects, as well as for major craniofacial trauma, osteoradionecrosis, and failed 
prior endoscopic reconstruction [4]. Additionally, in patients with prior radiation or 
expected postoperative radiation, there is significant fibrosis and decreased vascu-
larization of the area [5]. Free tissue transfer has been shown to more effectively 
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prevent intracranial complications than local and regional flaps, which may be due 
to the fact that the distal portion of pedicled flaps with the most precarious blood 
supply is often placed at the most critical portion of the reconstruction site [6]. 
When indicated free tissue transfer is uniquely suited for composite and extensive 
reconstruction of the anterior skull base, particularly in the case of the irradiated 
field [7].

This chapter discusses the use of free tissue transfer in the reconstruction of 
anterior skull base defects. Critical to this is an understanding of the goals of recon-
struction, the relevant regional anatomy, and the techniques to limit complications.

 Anatomic Considerations and Defect Classification

The anterior skull base comprises the base of the anterior cranial fossa. By defini-
tion, ablative defects in this region allow for communication between the sterile 
intracranial space and the inherently contaminated mucosal spaces of the nasal cav-
ity, paranasal sinuses, and nasopharynx. The anterior skull base is a narrow and 
deep space with the thin basal dura tightly attached to the bone superiorly and the 
sinonasal mucosa closely adherent inferiorly. The frontal and ethmoid sinuses as 
well as the cribriform plate, olfactory nerve, and orbital roof are adjacent. These 
factors make reconstruction of the skull base both critical and challenging.

There are also several neurovascular structures that traverse the bony skeleton of 
the anterior cranial fossa. The foramen cecum anteriorly transmits venous drainage 
from the nose to the superior sagittal sinus, and the anterior and posterior ethmoid 
arteries are often included in the ablative defect. The orbital contents lead into the 
optic canal and superior and inferior orbital fissures, transmitting cranial nerves II, 
III, IV, VI, VI, and the ophthalmic artery and vein towards the cavernous sinus [4]. 
The involvement of these structures as they traverse into the middle cranial fossa 
often defines the limit of the anterior cranial base resections.

Prior to pr oceeding with reconstruction, it can be helpful to characterize the type 
and extent of the defect in order to guide flap selection. There have been several 
defect classification schemes proposed for the anterior skull base. The earliest 
attempt at classifying skull base defects was by Urken et al. in 1993, who described 
26 patients who underwent skull base reconstruction [8]. They described seven 
major defect categories to consider in reconstruction, including (1) dura, (2) bone, 
(3) cutaneous, (4) mucosal, (5) cavity, (6) neurologic, and (7) carotid artery. 
Consideration of each of these categories was critical in planning reconstruction 
and limiting complications. In 1994, Irish et al. proposed three anatomical regions 
of the skull base according to common tumor growth patterns and surgical 
approaches for resection, primarily to provide direction regarding the surgical 
approach required for tumor resection. The first of these regions was the area from 
the clivus to the foramen magnum, defined as the anterior skull base [9]. This area 
includes the frontal bone, ethmoid bone, and the planum sphenoidale and anterior 
clinoid process of the sphenoid bone.
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Califano et al. divided anterior skull base resections into simple, complex, and 
other as an indicator of anatomic complexity and corresponding need for more com-
plex reconstruction [10]. Simple resections included the local area of skull base 
adjacent to tumor with partial palatectomy or partial resection of orbital contents. 
Complex resections encompassed those that (1) included the local area of skull base 
adjacent to the tumor and dura and/or brain; (2) resections that included local skull 
base, orbital contents, and the palate together; and (3) those resections that included 
the local area of skull base, the orbital contents, and another major anatomic struc-
ture together. Other types of anterior cranial fossa resections include the skull base 
as well as a single additional major structure other than the dura, brain, palate, or 
orbital contents. Free tissue transfer reconstruction was significantly associated 
with complex defects such as these. Another way to categorize these defects requir-
ing free tissue transfer is based on anatomic location and loss of volume, support, 
and skin coverage. Resected structures are further subdivided into central and/or 
lateral components, which can involve any combination of the dura, brain, orbital 
contents, nasal cavity, palate, and frontal tables (Fig. 20.1) [11]. Reconstructive soft 
tissue requirements for these structures can be bony, cutaneous, and mucosal, or any 
combination of the three.

Due to the complex three-dimensional anatomy of the anterior skull base and 
varied nature of the defects, it has been difficult to translate any of these classifi-
cation schemes directly into an algorithmic approach to reconstruction. However, 

Middle cranial fo
ssa

Anterior cranial fossa

Centra
l d

efect

Central and lateral defect

Lateral defect

+/- Nasal defect
+/- Maxillectomy
+/- Orbital defect
+/- Skin cover
+/- Mucosal lining

Fig. 20.1 Classification of skull base defects (adapted from Pusic et al. [11]). Categorizing ante-
rior skull base defects based on anatomic location (central versus lateral) and loss of volume, sup-
port, and skin coverage can help determine reconstructive requirements
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consideration of the regional anatomy and complexity of structures resected can 
help guide the soft tissue requirements and geometric needs of the 
reconstruction.

 Goals of Reconstruction

The most critical goal of anterior skull base reconstruction following ablative sur-
gery is the durable and vital separation of intracranial from extracranial contents. As 
Urken stated [8]:

The protection afforded to the central nervous system is unique in the human body. It is the 
surgeon’s responsibility to duplicate the protection afforded by natural evolution when it 
has been violated by trauma or an ablative procedure.

This protection is the primary reason why free tissue transfer was initially used 
in anterior skull base reconstruction and why it provides an advantage over local 
and pedicled flaps in certain patients. Successful separation of the central nervous 
system from the sinonasal cavity results in sealing off cerebrospinal fluid (CSF) 
from the upper aerodigestive tract, preventing pneumocephalus and ascending 
infections such as meningitis, encephalitis, or abscesses [3]. Additional aims of 
skull base reconstruction include support for intracranial contents and orbit when 
inferior bony support has been resected; reduction in dead space; and restoration of 
craniofacial contour and function [6]. Functionally, re-establishing and providing 
lining for the nasal cavity and separating it from the oral cavity and oropharynx can 
greatly improve patients’ quality of life postoperatively (Table 20.1). While micro-
vascular free flaps can be used to reconstruct nearly any anterior skull base soft 
tissue defect, including any combination of mucosa, cartilage, calvarium, and 
potentially dura, certain principles are important to keep in mind.

Functionally, layered, watertight closures are paramount to seal off CSF leaks. 
While this can be achieved with free tissue alone, it is often aided with a multilayer 
closure. Prior to repair with any vascularized flaps, dural defects not amenable to 
primary closure can and should be repaired with free fascial grafts, bovine 

Table 20.1 Goals of anterior skull base reconstruction

1. Support the brain and orbit
2. Separate the central nervous system from the upper aerodigestive tract
3. Provide lining for the nasal cavity
4. Re-establish nasal and oral cavities
5. Provide volume to eliminate dead space
6. Restore the three-dimensional contour of the maxillofacial bony and soft tissue structures
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pericardium, or allograft materials such as DuraGen (Integra LifeSciences), 
AlloDerm (Allergan), and DuraSeal (Integra LifeSciences) [4, 12]. Bony defects 
that could predispose the brain to herniation can be grafted with split calvarial bone 
grafts or free rib grafts [13]. Additionally, pedicled turbinate and nasoseptal flaps—
as well as regional pedicled flaps such as the galeal or pericranial flap and temporo-
parietal fascial flap—can be used as a second layer and are effective for many skull 
base reconstructions [4]. In fact, in one series, vascularized free tissue transfer 
reconstruction was used in combination with pedicled flaps in almost half (48%) of 
the patients [10]. This highlights the critical need for a safe reconstruction related to 
compromise of the intracranial space, with a “belt and suspenders” approach to 
minimizing complications in these patients.

Additional reconstructive techniques can also assist in restoring contour and 
morphology to structures of the face. Once the dura is sealed, small bony defects 
can be repaired using either a split calvarial bone graft or the inner table of the fron-
tal sinus, if uninvolved with tumor or previously radiated [14]. Septal bone and rib 
grafts have also been described [12]. For defects of the orbital rim or other structur-
ally supportive areas, titanium mesh is well suited. It can be shaped to restore con-
tour and can help provide support to prevent meningoencephalocele. In rare cases 
where orbital floor is resected, but the globe and extraocular muscles are spared, a 
tensor fascia lata sling can be harvested from the thigh and used to support the 
orbital contents. For patients who have been radiated or are planned for radiation 
postoperatively, it is critical that these non-vascularized reconstructive options (like 
bone grafts and titanium) are covered with abundant tissue when the free flap is 
inset to avoid extrusion and infection.

 Reconstructive Technique and Tissue Selection

With most major anterior skull base resections requiring free tissue transfer recon-
struction, a multiple-team approach is utilized. Whenever possible, simultaneous 
harvesting of the free flap during the extirpation and preparation of the wound bed 
is recommended. After ablation, the neurosurgical team often repairs the dural 
defect, and the ablative team creates a subcutaneous tunnel for the flap vessels. The 
margins of the bony defect can be trimmed with a rongeur or Kerrison or drilled 
down to avoid bony spurs that can irritate or kink the flap pedicle. Copious irrigation 
with sterile saline should be performed to limit the chance of infection.

As with any microvascular flap, a well-supported blood supply is of utmost 
importance at the level of the anterior skull base. Several case series describe the 
superficial temporal vessels as preferred donor vessels [15–18]. These have the 
advantage of being close to the soft tissue inset, which can be three-dimensionally 
complex, allowing for a shorter pedicle length for the free flap. They can also be 
readily accessed through a small preauricular incision or an inferior extension of the 
coronal incision in cases that require an open approach. The superficial temporal 
artery lies between the galea and subcutaneous layers, so careful dissection is 
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required during coronal flap elevation to avoid vessel injury. The disadvantage of 
the superficial temporal vessels is that where they are most easily accessible, their 
diameter is often smaller than that of branches of other donor vessels in the neck. 
Thus, they must often be dissected proximally, frequently inferior to the zygomatic 
arch where they course deeper into the substance of the parotid gland. Other institu-
tions often extend the preauricular incision into a skin crease in the neck or make a 
separate neck incision to access the cervical branches of the external carotid artery 
[19]. These vessels include the facial artery and vein, the lingual artery, the superior 
thyroid artery, and the external jugular vein. These vessels are often used as donor 
vessels in the microvascular reconstruction of other head and neck ablative defects, 
so the reconstructive team may be more familiar with their dissection. They are also 
typically larger caliber than the distal superficial temporal vessels. Using the inter-
nal jugular vein has the added benefit of providing a means for side-to-side rather 
than the end-to-end anastomosis required of the other venous options. It is impor-
tant to keep donor vessel availability in mind when designing the free flap skin 
paddle, as the placement of the skin paddle relative to the flap vessels during harvest 
can affect vessel length and ultimately flap maneuverability and survival.

 Radial Forearm Free Flap

A commonly performed flap in head and neck reconstruction, the radial forearm 
free flap (RFFF), receives its blood supply from the radial artery (with its fasciocu-
taneous perforators) and venae comitantes draining into the cephalic vein [8]. It is 
most commonly harvested as a thin fasciocutaneous flap but has also been described 
as an adipofascial flap in anterior skull base reconstruction [19]. It can additionally 
be raised to include about one-third of the diameter of the radius as an osseocutane-
ous flap. The benefit of the RFFF in anterior skull base reconstruction lies in its 
thinness, pliability, and long vessel length, which make it a very versatile flap for 
geometrically complex defects. It has been particularly useful as a substitute for the 
pericranial flap in patients who have had prior surgery or radiation and is the pre-
ferred flap for closing isolated recalcitrant CSF leaks [12, 20]. For those defects, a 
portion of the skin paddle can be de-epithelialized and folded upon itself to help 
decrease the dead space above the flap. If accessible, several drill holes can be 
placed circumferentially around the bony skull base defect in order to suspend the 
flap with sutures. However, even when access is limited, the radial forearm free flap 
is often thin enough to be inset endoscopically, which has been described in isolated 
case series, particularly when raised as an adipofascial flap [19]. When harvested as 
a large fasciocutaneous flap, the skin paddle can be used to both reconstruct the 
skull base and be folded to line an orbital exenteration cavity, which make it an ideal 
reconstructive option for patients considering prosthetic rehabilitation in the future.

The biggest limitation of the RFFF is the limited surface area and volume of the 
flap, making it unsuitable for resurfacing larger defects. Postoperative hand isch-
emia is a well-known but rare postoperative complication of this flap. A 
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preoperative Allen’s test to confirm adequate collateral supply from the ipsilateral 
ulnar artery can often but not entirely rule out future compromise after radial artery 
resection. Nonetheless, postoperative functional deficits are typically minor, par-
ticularly when the nondominant arm is selected [21].

 Anterolateral Thigh Free Flap

The anterolateral thigh (ALT) free flap is a perforator flap that can supply a larger 
skin paddle than the radial forearm free flap, deriving its vascular supply from the 
lateral femoral circumflex artery. Typically, this artery is accompanied by a pair of 
venae comitantes which coalesce at the level of the profunda femoral vein. 
Additionally, the flap can be harvested with tensor fascia lata for morphologic 
reconstruction and vascularized vastus lateralis muscle to help fill dead space and 
seal leaks [9, 11]. The ALT skin paddle typically has a thicker layer of subcutaneous 
fat than the RFFF, which can help fill contour in larger-volume defects like those 
seen with maxillectomies. The trade-off, however, is that the ALT vascular pedicle 
in its entirety can only be as long as 7–8 cm depending on patient anatomy, which 
is slightly shorter than the radial forearm free flap pedicle. This can be a problem in 
the vessel-depleted patient.

Limitations of the ALT flap include minimal donor site dysfunction, which has 
been correlated to the amount of damage suffered by the vastus lateralis. Removal 
of large portions of musculocutaneous tissue can limit range of motion at the hip 
and knee. The rectus femoris muscle’s blood supply can also become compromised 
by vessel harvest, adding to reduction in mobility and increasing morbidity [12]. 
Overall, however, the ALT donor site morbidity is very low, and early ambulation is 
well tolerated [22].

 Rectus Abdominis Free Flap

For the most significant complex defects of the anterior skull base, bulky soft tissue 
is often required to create contour and fill dead space. The rectus abdominis myocu-
taneous free flap can provide both adequate skin coverage and nasal lining as well 
as the requisite bulk needed for these extensive defects. It is an excellent option for 
defects involving both orbital and palatal tissue, as a large skin paddle can be reli-
ably harvested and placed vertically into the orbit and de-epithelialized and folded 
into the mouth for palatal reconstruction. Its robust blood supply can be a boon in 
the case of irradiated patients who rely heavily on revascularization [13]. The loss 
of innervation of the muscle itself will cause the flap to reduce in size, but the fre-
quently thick subcutaneous adipose tissue will allow the flap to retain much of 
its bulk.
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Like the RFFF and the ALT flaps, this flap can be harvested simultaneously to the 
ablative portion of the procedure. It can be harvested with or without an overlying 
skin paddle. The vascular pedicle consists of the deep inferior epigastric artery and 
vein with musculocutaneous perforators; these perforators are found within the 
anterior rectus sheath, and thus this must be included as the flap is lifted. The tendi-
nous attachments and inscriptions are useful for suture placement during inset-
ting [10].

The disadvantages of the rectus abdominus flap include the possibility of abdom-
inal wall hernia, wound dehiscence, and seroma or hematoma after closure. This can 
be minimized using meticulous donor site closure, including closure of both the 
internal and external oblique aponeurosis as well as tacking the undermined skin 
flaps down to the rectus aponeurosis to close off dead space. Postoperative pain can 
be increased with this donor site relative to others as well.

 Latissimus Dorsi Free Flap

Similar to the rectus abdominus flap, the latissimus dorsi flap is a myocutaneous 
flap best suited for large defects including complex orbito-palatal defects. Its blood 
supply arises from the thoracodorsal artery and vein [14]. In certain cases, this flap 
can be used in a pedicled fashion; however, the distance to the recipient defect in 
anterior skull base cases poses a challenge for both pedicle length and avoidance of 
vascular congestion. Therefore, the latissimus is more commonly used for free tis-
sue transfer. It has typically a straightforward harvest with large-caliber vessels and 
up to 16 cm of vessel length [23]. Loss of shoulder mobility on the donor side must 
be weighed with the reconstructive need [15]. Unlike the RFFF, ALT, and rectus 
flaps, the latissimus flap is raised in the lateral decubitus position and cannot be 
raised simultaneously to the ablation. The back also tends to have a smaller volume 
of subcutaneous fat than the abdomen, so much of the bulk of the latissimus flap is 
contributed by the muscle, which undergoes atrophy and can lead to dead space and 
poor contour in the long term [12].

 Subscapular System

Upfront osseocutaneous free flap reconstruction is rarely reported in the literature 
for reconstruction of anterior skull base defects [8, 9, 11]. Soft tissue flaps lend 
themselves to various geometries with their ease of configuration. When the bone is 
required for reconstruction, often secondary bone grafting of the facial skeleton is 
performed in a delayed fashion. However, as stated in the goals of reconstruction, 
the most critical aim of anterior skull base reconstruction is separation of the intra-
cranial space from the extracranial space with a watertight seal. Due to the frequent 
complexity of the relationships between bony defects and epithelial surfaces 
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required for reconstruction, the ideal bony reconstruction is often not possible when 
the primary goal is to seal off the intracranial space.

In rare instances, however, where a bone defect is required with little need for a 
complicated soft tissue inset, the subscapular system and the scapular bone provide 
a good option. This system allows for a variety of chimeric tissue options, including 
the scapula bone, latissimus muscle, serratus muscle, and skin. Additionally, due to 
separate pedicles, the flap offers the greatest freedom of movement between the soft 
tissue and bony components, which allows it to be more flexible in its geometry 
relative to the fibula free flap. One of the downsides of this system is the short ped-
icle length that results when the bone is harvested based on the circumflex scapular 
branch of the subscapular artery. This can be circumvented by harvesting the scapu-
lar tip bone based off the angular artery, which provides several centimeters of addi-
tional pedicle length. However, in the vast majority of cases, it is prudent to prioritize 
the primary life-threatening goal of protecting the central nervous system from leak 
and contamination over the secondary goals of morphology and contour. This 
results in staged reconstructions of the bone rather than composite reconstructions.

 Postoperative Considerations

In cases where anti-gravity support is required, resorbable nasal packing placed 
lightly into the nasal cavity is sufficient. For bulkier reconstructions, a shortened 
nasal trumpet can be placed to stent the nasal cavity open. For postoperative moni-
toring of free flaps, if a skin paddle is easily accessible, pinpricking with a 25-gauge 
needle or transcutaneous Doppler of perforator vessels is used to ascertain viability. 
For isolated cribriform plate reconstructions without a visible skin paddle, an 
implantable Doppler can be used for continuous monitoring. For infection preven-
tion, many institutions utilize standard postoperative antibiotics and continuous 
nasal irrigation with a suction system for several days postoperatively. A lumbar 
drain can keep intracranial pressure from exerting force on the suture line, and ele-
vation of the head of bed at 30° can be helpful.

 Outcomes and Limitations

The incidence of major local and/or systemic postoperative complications follow-
ing microvascular free flap reconstruction of the skull base ranges from 30 to 60% 
in most large published series [8, 10, 16]. Early complications (occurring <28 days 
postoperatively) include partial or total flap loss, CSF leak, hematoma, myocardial 
infarction, and deep vein thrombosis. Late complications (>28 days) consist of pala-
tal fistula, delayed wound healing or wound infection, meningitis, intracranial 
abscess, infected hardware, ectropion, enophthalmos, and persistent diplopia [21]. 
As with any major head and neck reconstruction, free flap reconstruction at the 
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anterior skull base has risks associated with continuity with the intracranial and oral 
cavities. CSF leak, pneumocephalus, stroke, intracranial abscess, and vascular com-
promise comprise the most significant challenges in the immediate postoperative 
period. Wound complications and delayed infection can occur late. Medical comor-
bidities and prior treatment with radiation therapy are statistically significant pre-
dictors of wound complications. Significant risk factors for CNS complications 
include prior radiation therapy, dural invasion of the tumor, and brain invasion [1]. 
Infection prevention can be effectively achieved with perioperative antibiotics and 
should be employed for all patients with gauze packing or implantable hardware. 
Mortality has been estimated at roughly 5%, with increased risk seen in patients 
above 50 years of age—with multiple medical comorbidities being an independent 
factor [16].

Despite advances in technique, the mortality risk and complication rate have 
remained stable in light of the ability to perform more aggressive resections [17, 
24]. Free flap reconstruction, however, remains the best option for large craniofacial 
defects in the appropriate patient and provides the microvascular surgeon a greater 
versatility in flap selection and reconstructive outcome.
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Chapter 21
Reconstruction of Frontal and Ethmoid 
Defects

Mark A. Arnold, Emily M. Barrow, and Joshua M. Levy

 Introduction

Anterior skull base reconstruction has undergone significant development over the 
past few decades. Today, skull base reconstruction is an interdisciplinary specialty, 
and a variety of approaches are available to the skull base team. While many defects 
of the frontal and ethmoid region can be addressed by transnasal endoscopic 
approaches, challenging cases may require endoscopic-assisted or traditional exter-
nal approaches. The anatomy and pathology of this region are variable and complex, 
necessitating individualized surgical plans.

 Obliteration

Prior to the advent of endoscopic techniques, chronic frontal sinusitis was a difficult- 
to- treat disease. As surgeons were unable to maintain patency of the frontal sinus 
outflow tract, most frontal sinus procedures carried a high complication rate of 
infection. Montgomery popularized obliteration in the 1960s to treat recalcitrant 
frontal sinusitis [1]. Frontal sinus obliteration is defined by eliminating the frontal 
sinus cavity while maintaining the anterior and posterior tables. Obliteration is usu-
ally accomplished by raising an osteoplastic flap consisting of the anterior table. 
Following this, all frontal sinus mucosa is meticulously removed, and the dead 
space is replaced with filler material. The shape of the frontal sinus is maintained, 
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while the function is lost. The removal of mucosa aims to prevent future mucocele 
formation and chronic frontal sinusitis.

Presently, obliteration is less commonly performed for inflammatory conditions. 
However, there is still a role for obliteration in the setting of endoscopic failure [2]. 
In addition, patients who have had a previous obliteration may develop mucoceles 
or chronic sinusitis, necessitating re-obliteration or unobliteration [3]. Occasionally, 
obliteration may be performed in the setting of traumatic or iatrogenic cerebrospinal 
fluid (CSF) leaks. However, it is known that most traumatic CSF leaks resolve with 
conservative management [4]. With persistent posterior table CSF leaks, oblitera-
tion is necessary if patency of the frontal outflow tract cannot be maintained. 
Furthermore, if there is a significant comminution of the posterior table, cranializa-
tion is preferable to obliteration.

While spontaneous leaks secondary to idiopathic intracranial hypertension tend 
to be in the ethmoid cribriform area or lateral recess of the sphenoid sinus, sponta-
neous leaks of the posterior table are not uncommon [5]. In a 5-year review of 46 
CSF leaks, Chabaan et al. noted that 20 patients had spontaneous posterior table 
leaks. Importantly however, none required frontal sinus obliteration [5]. Today, 
endoscopic techniques are preferred over obliteration, as they have shown excellent 
success rates in closing posterior table CSF leaks while maintaining frontal sinus 
patency [6].

The standard approach for frontal sinus obliteration is the coronal incision, hid-
den posterior to the hairline of non-balding individuals. A pericranial flap is often 
raised simultaneously and preserved with the skin flap for later use in reconstruc-
tion. Otherwise, pericranium may be left attached to the osteoplastic flap, pedicled 
inferiorly with a robust blood supply from the supratrochlear and supraorbital arter-
ies. Next, an outline of the limits of the frontal sinus is determined for raising an 
osteoplastic flap. The margins of the frontal sinus can be judged with a sterile 6-foot 
Caldwell radiograph, palpation by a wire brought in and out of a frontal sinus treph-
ination, or intraoperative navigation. During bony flap elevation, the frontal intersi-
nus septum is divided, allowing for down fracture of the osteoplastic flap. Removal 
of the anterior table via osteoplastic flap allows for direct access and removal of 
mucosa. Drilling is usually necessary for adequate removal of mucosa and creation 
of a single, smooth frontal cavity [7]. Removing the outer cortex of the bone also 
provides a bleeding surface necessary for graft revascularization [8, 9].

A variety of materials have been utilized for obliterating the frontal sinus, with 
varying success. Autologous fat has a long history of use but may risk infection and 
chronic frontal sinusitis [10]. In addition, surveillance for mucocele formation is 
more difficult after the frontal sinus has been filled with fat, as they may have simi-
lar imaging characteristics (Fig. 21.1). Grafting with bone from the iliac crest had a 
high 50% complication rate in a series of eight cases [8]. Hydroxyapatite is also 
commonly used, and placement of the pericranial flap along the floor of the frontal 
sinus provides an additional barrier to the ethmoid sinuses below [11]. It should be 
noted, however, that any obliteration has the chance for failure and may occur years 
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Fig. 21.1 Computed 
tomography of a 64-year- 
old male with a history of 
frontal sinus osteoplastic 
flap obliteration with 
autologous fat for trauma 
30 years prior. He 
presented with right 
forehead pain and 
mucocele formation 
posterior to the autologous 
fat graft. Unobliteration 
was performed 
endoscopically via Draf 3

Fig. 21.2 Computed 
tomography of a right 
frontal sinus obliteration 
with calcium 
hydroxyapatite, presenting 
with pain and mucocele 
formation 12 years later. 
Unobliteration was 
performed endoscopically 
via Draf 3, with free 
mucosal grafting of the 
frontal sinus anterior table

later to require unobliteration or re-obliteration (Fig. 21.2). Hydroxyapatite, while 
having a similar complication rate as other materials, carries a higher re-revision 
rate after initial revision [3]. While obliteration is infrequently performed, for cer-
tain patients, it may be the only remaining option. Fortunately, complications from 
osteoplastic flaps are less common for non-inflammatory pathologies, such as CSF 
leaks [3].
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 Cranialization

Cranialization of the frontal sinuses was originally described in 1978 by Donald 
and Bernstein as a technique to manage traumatic injuries of the posterior table 
[12]. By removing all sinonasal mucosa, bony overhangs, and the posterior table of 
the frontal sinus, cranialization allows the frontal lobe to fill in the dead space over 
the next weeks to months. The frontal sinus is effectively removed, and the frontal 
sinus outflow tract is sealed off to separate the intracranial space from the 
nasal cavity.

Although a historic technique, cranialization still has a role in addressing certain 
frontal and ethmoid defects [13]. Whether from trauma or malignant tumor resec-
tion, some defects may be better suited for cranialization. With larger defects involv-
ing the posterior table and corresponding dura, conservative management and 
endoscopic approaches become less reliable in repairing a CSF leak.

Cranialization is usually approached via coronal incision, but existing lacera-
tions may be utilized when present. The posterior table is accessed via craniotomy 
or osteoplastic flap. With significantly comminuted fractures, large dural defects 
may also be present, which can be repaired with a pericranial flap, harvested at the 
time of fracture repair [14]. Bilateral frontal sinus cranialization is recommended 
over unilateral, as this better allows the brain to fill the dead space [15]. Similarly, 
any bony ledges should be meticulously drilled smooth with the calvarium. In addi-
tion, the frontal sinus outflow tract must be separated from the neo-intracranial 
space, previously occupied by the frontal sinus. Plugging of the outflow tract can be 
accomplished with autologous muscle, fascia, fat, or collagen matrices [16]. Failure 
to completely cranialize the frontal sinuses or adequately plug the outflow tracks 
may result in persistent pneumocephalus and/or CSF leak (Fig. 21.3). Fortunately, 
these complications can be successfully managed endoscopically “from below” 
(Fig.  21.4), avoiding open revision. In three patients with pneumocephalus after 
cranialization, Soler et al. described the harvesting of the lateral portion of middle 
turbinate mucosa. The flap was then rotated to cover an autologous fat graft at the 
frontal recess [17]. Alternatively, if available, a nasoseptal flap can provide gener-
ous coverage of the outflow tract (Fig. 21.4).

The complication rate of cranialization has decreased over time; however, they 
may be significant, including meningitis, persistent CSF leak, osteomyelitis, and 
mucocele formation [18]. Early in the literature, the rate of meningitis approached 
50%, but this has improved to presently around just 2% [19, 20]. These reduced 
rates stem from many factors, including improved surgical techniques, antibiotic 
use, and decreasing severity of fractures over time related to seat belt laws and air 
bags [19].

The decision to proceed with cranialization versus obliteration is multifactorial. 
Cranialization avoids implanting material that may cause future complications yet 
requires a craniotomy. In one of the largest retrospective reviews on the topic, a 
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a b

Fig. 21.3 Computed tomography in the axial (a) and sagittal (b) planes of a 46-year-old male 
presenting with pneumocephalus after bifrontal craniotomy for a gunshot wound a month prior. 
The frontal sinuses are partially cranialized, with persistent posterior tables and intersinus septum

a b

Fig. 21.4 Intraoperative views of patient described in Fig. 21.3. (a) Partially cranialized frontal 
sinus, with posterior table defect with intracranial communication. (b) Posterior table defect 
repaired with autologous abdominal fat graft filling frontal sinus, to be covered by nasoseptal flap

review of 857 patients over a 26-year period by Rodriguez et al. in 2008 found that 
the rate of significant complications of obliteration with autologous fat was higher 
at 22% in comparison with cranialization at just 8.4% [18]. However, other studies 
have demonstrated comparable complication rates of obliteration at 10% [19, 21, 
22]. It is important to recognize that these complications also occur with conserva-
tive management. Both obliteration and cranialization are performed to reduce the 
risk of infection and persistent CSF leak.
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 Direct Repair for Frontal Sinus Posterior Table Defects

Pathology of the posterior table represents one of the most difficult areas for the 
surgeon to reach. With highly variable frontal sinus pneumatization, certain defects 
may be unable to be addressed endoscopically. Although one might be able to visu-
alize the defect with an angled endoscope, those that are far superior and lateral 
within a narrow frontal recess may be impossible to address even with the appropri-
ate angled instrumentation. Furthermore, defects that lie medial and within the nar-
rower portion of the frontal recess also pose a challenge, as repair may compromise 
the frontal sinus outflow tract. In these cases, obliteration is recommended [23]. 
While obliteration is possible via trephination, open approaches may result in less 
mucocele or infectious complications depending on surgeon experience [24].

In these cases, direct repair of the posterior table may be the most appropriate. 
The approach via coronal incision and raising an osteoplastic flap was previously 
described in this chapter. Alternatively, the frontal sinus may be approached directly 
via preexisting lacerations or by concealing the incision within a thick rhytid of a 
balding male. Furthermore, extensive trauma or prior surgery may preclude the rais-
ing of a pericranial flap from a coronal incision, necessitating a direct approach.

Frontal defects arise from various etiologies, including trauma, meningoenceph-
aloceles, dural resection secondary to tumor removal, and iatrogenic injuries. 
However, it is important to note that they are not managed equally. The manage-
ment of CSF leaks in posterior table trauma, for example, remains controversial. 
Historically, these were managed aggressively due to high rates of meningitis. Yet 
today, with conservative measures including prophylactic antibiotics, head-of-bed 
elevation, antiemetics, and sinus precautions, most traumatic leaks will resolve. In 
one series, 85% of 34 patients had resolution of anterior skull base leaks after 1 
week [25]. However, there is some retrospective evidence that resolution of poste-
rior table leaks is less successful with conservative management. Chen et  al. in 
2006 noted that only CSF leakage resolved in only 35% of 26 posterior table frac-
tures [21]. Similarly, Choi et al. in 2012 found that only 6 of 11 patients with pos-
terior table leaks resolved with conservative management [26]. However, the other 
five were successfully managed with direct repair without obliteration nor 
cranialization.

 Management of the Frontal Recess

For frontal and ethmoid roof defects, the surgeon contends not only with repairing 
the CSF leak but also with maintaining the patency of the frontal sinus outflow tract. 
Certainly, this is less important for posterior table defects or other reconstructions 
that do not overlap with the frontal recess. Fractures of the posterior table rarely 
occur in isolation, at 1–7%, but are more likely to have a concomitant injury of the 
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frontal recess [19, 27]. Therefore, historically injuries were managed aggressively 
with cranialization or obliteration to prevent infectious sequelae. Nevertheless, 
there has been a trend towards managing these injuries conservatively with follow-
 up imaging to confirm frontal sinus patency [27].

During repair, the frontal recess should be opened as widely as the patient’s 
anatomy allows, ideally greater than 4 mm. A Draf 2B exposes the frontal sinus 
from the posterior to the anterior table and from the lamina of the orbit to the nasal 
septum by removing the attachment of the anterior portion of the middle turbinate. 
This approach provides excellent exposure while minimizing mucosal disruption 
and postoperative scarring that can occur after frontal drill-out or Draf 3. If there is 
significant bony exposure, grafting the frontal recess with free mucosal grafts or 
collagen matrices may reduce postoperative stenosis [28]. However, in patients 
without preexisting sinus disease, grafting is usually unnecessary.

Stents including Rains self-retaining silicone tube or thin (~1 mm) Silastic sheet-
ing aid in maintaining patency of the frontal sinus while bolstering the reconstruc-
tion [29, 30]. Steroid eluting stents may also be considered [31]. Significant packing 
of the frontal sinus, such as with GelFoam, should be avoided.

After repair, the frontal recess should be monitored closely. Stents are left in 
place for 4–6 weeks. Intraoperatively, a wide frontal sinusotomy facilitates endo-
scopic postoperative surveillance. If the frontal recess cannot be visualized or the 
patient is symptomatic with pressure, pain, or nasal drainage, CT imaging should be 
performed at 6 weeks to confirm frontal sinus patency.

If a frontal recess injury is managed conservatively or by an open approach, the 
patency of the outflow tract may not be visualized endoscopically. In the setting of 
a frontal recess injury managed non-operatively, a 3-month CT is appropriate to 
confirm frontal sinus patency [32]. Most, over 85%, of frontal recess injuries will 
undergo spontaneous ventilation [32]. Similarly, imaging should be performed post- 
craniotomy to surveil for mucocele formation [33].

 Endoscopic Approaches

For frontal defects, open approaches with cranialization represent the gold standard 
in management. Most ethmoid defects, however, including difficult “excavating” 
meningoencephaloceles, are best suited for endoscopic management [34]. The 
roughly horizontal plane of the ethmoid anterior skull base is easier to approach 
endoscopically, while they present a challenge to access via an open approach. 
Conversely, the transition of the anterior skull base from horizontal to vertical at the 
posterior table of the frontal sinus may be better addressed “head-on” via an open 
approach.

Yet, there is emerging evidence that posterior table defects can be managed 
endoscopically [29]. Purely endoscopic approaches offer significantly less morbid-
ity while maintaining the frontal sinus outflow tract. In 2014, Chaaban et al. reported 
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a 93% success rate in repairing 46 spontaneous CSF leaks, with 20 of these patients 
having posterior table defects. Bozkurt et al. in 2019 noted that 17 of 54 patients 
with frontal sinus CSF leaks were repaired with a purely endoscopic approach [35].

Furthermore, the endoscope is poised to manage complications of open 
approaches. Previously obliterated sinuses may be unobliterated endoscopically 
[36]. Similarly, a case series of 22 patients with frontal sinus disease after craniot-
omy were successfully managed endoscopically.

 Endoscopic-Assisted Techniques

Despite advances in instrumentation and techniques, certain frontal defects remain 
difficult to address with a purely endoscopic transnasal approach. In these cases, 
endoscopic-assisted approaches may improve both visualization and may obviate 
the need for both a large coronal incision and osteoplastic flap [37]. A brow incision 
with frontal sinus trephination allows for placement of either instruments or endo-
scopes to access the far reaches of the frontal sinus [38]. A trephination of 8 mm 
allows for both a 4 mm endoscope and instrument, termed a “mega-trephination” 
[39]. Geltzeiler et  al. reviewed 64 patients who underwent a mega-trephination. 
They noted scarring was minimal, and the most common was self-limited paresthe-
sia at 11% [39].

Transorbital neuroendoscopic surgery (TONES) is a relatively novel technique 
originally described by Moe et al. in 2010 [40]. As the frontal and ethmoid regions 
comprise only a small portion of the anterior cranial fossa, transorbital endoscopic 
techniques allow for multi-portal, multi-angled approaches that are complementary 
to traditional transnasal techniques. In dividing the orbit into quadrants, a superior 
eyelid crease incision allows access to the anterior cranial fossa and orbital roof, 
while a precaruncular approach also gives access to the anterior cranial fossa, lateral 
nasal cavity, frontal recess, and optic nerve [40]. While these areas are accessible by 
transnasal transethmoid techniques, complementing access with a transorbital por-
tal may provide direct access with less instrument collisions. In their single- 
institution experience, Ramakrishna et al. in 2016 reported success in treating 40 
patients with a variety of highly selected pathology, including CSF leaks, meningo-
encephaloceles, trauma, and tumors [41]. Although nearly all patients had postop-
erative ocular dysfunction, no vision loss occurred, and long-term complication 
rates were low.

As a corollary, a transorbital corridor may provide wide access to the frontal 
sinus. In a cadaveric study, Husain et al. compared Lynch incisions to transcaruncu-
lar approaches, both combined with a Draf 3 [42]. The transorbital portal through 
the superior nasal septum allows for access to the lateral frontal sinus. The authors 
found that these two approaches fared similarly with 0-degree endoscopes and 
straight instrumentation. However, with 30-degree endoscopes and curved instru-
ments, the transcaruncular approach placed instruments inferior to the frontal 
recess, and it was difficult to work around the contralateral orbital roof with curved 
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instruments. While a frontal sinus trephination allows for direct access to most fron-
tal sinus pathology and allows for placement of two working instruments, these 
transorbital approaches may provide an alternative approach to lesions that would 
otherwise obstruct a frontal sinus trephination. At this time, evidence for these tech-
niques are limited with single-institution experiences and cadaveric studies. As 
familiarity with transorbital techniques increases across multiple institutions, direct 
comparisons can be made to other endoscopic and open techniques.

 Supraorbital Ethmoid Pathology

Successful frontal and ethmoid sinus surgery depends upon the integration of CT 
imaging into the surgical plan. Supraorbital ethmoid cells are an anterior ethmoid 
cell that is superiorly based above the ethmoid bulla, pneumatizing around the ante-
rior ethmoid artery and over the orbit [43]. These cells create a cleft between the 
anterior cranial fossa and orbit and are present in over 50% of Western populations 
[44]. Consequently, they may be difficult to access, yet contain a variety of pathol-
ogy, including meningoencephaloceles and inverted papillomas [45, 46]. Most com-
monly, the supraorbital ethmoid cells are approached transnasally. Often, they form 
the posterior border of a well-pneumatized frontal sinus, and removal of this parti-
tion improves access. However, a narrow anterior-posterior diameter of the frontal 
recess combined with a supraorbital ethmoid extending far laterally over the orbit is 
especially challenging and may require endoscopic-assisted or open techniques [45].

 Reconstructive Ladder

The nasoseptal flap, based on the posterior septal artery, is the workhorse flap of 
closing frontal and ethmoid defects [47]. Under normal circumstances, the nasosep-
tal flap reaches the entire ethmoid roof. If necessary, extending dissection of the 
pedicle along the lateral nasal wall and into the pterygopalatine fossa increases 
pedicle length for coverage of most frontal defects [48].

However, many leaks do not require vascularized reconstruction. With all leaks, 
adherence to a few principles maximizes success as a surgeon gains experience 
[49]. First, meticulous resection of surrounding mucosa not only allows for better 
visualization of the defect itself but also facilitates revascularization of the overlay 
graft with the exposed bone. Second, intracranial inlay grafts, either intradural or 
extradural, should be utilized when possible (Fig.  21.5). Mucosa should not be 
placed intracranially. Closure in multiple layers is preferable. Finally, frontal sinus 
patency should be maintained (Fig. 21.6).

There are several factors to consider in reconstruction. The defect size, location, 
presence, or absence of intraoperative CSF leak, CSF leak quality (high flow vs. low 
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a b c

Fig. 21.5 Unilateral resection for olfactory neuroblastoma. (a) Dural defect with active CSF leak. 
(b) Durepair inlay with cessation of CSF leak. (c) Generous Durepair onlay, supported with dis-
solvable packing and tissue sealant

a b

Fig. 21.6 Cribriform encephalocele. (a) Partial inlay with collagen matrix Durepair. (b) Overlay 
with collagen matrix Durepair followed by middle turbinate free mucosa graft. Draf 2B allows for 
widely patent frontal sinus without stenting after dissolvable packing placed over reconstruction

flow), pathology, patient risk factors, presence of a bony rim around the defect, and 
need for postoperative radiation all influence the choice of reconstruction [50].

Autologous fat has a long history of use in skull base reconstruction. Fat excels 
at filling dead space, such as an obliterated frontal sinus or within the sphenoid 
sinus. However, this property makes tissue handling difficult at the frontoethmoid 
junction. Consequently, it may be challenging to maintain patency of the frontal 
sinus around a plug of fat. Autologous cartilage and bone provides rigid support and 
can be fashioned as a “gasket seal” surrounded by a plug of fascia [51]. Yet, whether 
or not this rigid support is necessary is unknown.

Free grafts have been successful in repair of even large anterior skull base defects 
(Fig. 21.7). In a 2007 review by Germani et al. of 55 CSF leaks, 30 were repaired 
with AlloDerm, an acellular dermal allograft. Despite 16 of the leaks being greater 
than 2  cm, they noted a 97% success rate by placing the graft as an inlay 

M. A. Arnold et al.



303

Fig. 21.7 Collagen matrix 
DuraGen inlay for bilateral 
anterior cranial fossa 
resection for olfactory 
neuroblastoma. Next, a 
second, larger onlay of 
collagen matrix was 
positioned over the 
exposed bone, followed by 
dissolvable packing and 
tissue sealant to support 
the reconstruction

intracranially yet extending the margins of the graft intranasally to overlay the bone 
surrounding the defect. Similarly, in a review of 120 patients requiring skull base 
reconstruction by Oakley et al., an inlay was performed with DuraGen, a collagen- 
based dural replacement. An onlay nasoseptal flap was placed in the majority (70%) 
of patients, while the free mucosal grafts were otherwise used. The use of a naso-
septal did not impact CSF leak rates or any other perioperative complication. At the 
authors’ institution, collagen matrix allografts are routinely utilized given their high 
success rate without any donor site morbidity. In the event of failure, vascularized 
pedicled flaps remain as a backup.

Following a multilayer closure, tissue sealants are an option as a final step in 
reconstruction. There are several commercially available tissue sealants. While 
there have been several studies suggesting tissue sealants can withstand pressure 
in vivo and in vitro, the evidence for their use in endoscopic skull base surgery 
remains limited [50].

 Conclusion

Reconstruction of frontal and ethmoid defects is challenging to manage. Fortunately, 
there have been significant advances in instrumentation and reconstructive options. 
If feasible, endoscopic approaches offer the least morbidity while maintaining 
sinus patency. However, experience with the variety of approaches and reconstruc-
tive techniques allows one to individualize a surgical plan to yield the best possi-
ble result.
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Chapter 22
Reconstruction of Sphenoid Defects: 
Lateral Recess, Sellar, Tuberculum, 
and Planum Defects

Tapan D. Patel, Daniel Yoshor, and Nithin D. Adappa

 Introduction

Over the past two decades, advances in endoscopic techniques have revolutionized 
the surgical management of sinonasal and skull base pathology. As increasingly 
complex intradural and extradural pathologies have been managed endoscopically, 
the difficulty of associated skull base reconstruction has also increased. Extended 
endoscopic transsphenoidal approaches have provided improved surgical access to 
numerous tumors in the sagittal plane. Historically, smaller skull base defects were 
most commonly reconstructed with free tissue grafts. Although these forms of repair 
have exhibited high success rates in the repair of smaller defects, skull base pathol-
ogy requiring extensive resection with large skull base defects demonstrated the 
need for more robust forms of repair, which led to the introduction of pedicled, 
vascularized flaps. These techniques were adapted from experience accumulated 
with the endoscopic repair of CSF leaks associated with endoscopic sinus surgery 
and trauma and then expanded to repair larger dural defects as well as defects over 
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high-flow intraoperative CSF leaks [1]. As the field of endoscopic skull base surgery 
evolved, overall CSF leak rates have decreased as a result of improvements in recon-
struction techniques utilizing multilayer closure with vascularized local tissue flaps. 
Reconstructive strategies must be modified based on the size and location of the 
skull base defect, the extent of dural resection, whether the arachnoid is violated, the 
nature of the patient’s CSF pressure, states of poor wound healing such as Cushing’s 
disease and prior irradiation, and whether the patient has had previous surgery or 
treatment that would preclude use of vascularized local tissue flaps. This chapter 
will review the techniques involved in the reconstruction of sphenoid defects.

When considering reconstruction of the sphenoid defects, a multilayer approach 
should be used to reconstruct the layers that have been breached (i.e., mucosa, bone, 
dura) in order to get access to the skull base lesion. Three layers separate the sphe-
noid cavity from the intracranial compartment: (1) sphenoid mucosa, (2) bone of the 
posterior sphenoid wall, and (3) dura mater. When reconstructing a sphenoid defect, 
at least two out of the three of these layers should be addressed. When two of the 
three layers are adequately reconstructed, resulting in a watertight closure, there is 
generally minimal reconstructive failure.

 Materials for Skull Base Repair (Divided by 
Reconstruction Layer)

 Dural Reconstruction

The sellar dura separates the sphenoid cavity from intracranial components of the 
middle cranial fossa. This is the first layer that should be reconstructed when closing 
sphenoid defects. Adequate watertight closure of this layer will ensure a reconstruc-
tive success. Multiple autologous and heterologous materials are available for clo-
sure of this layer. Autologous grafts include abdominal fat and fascia lata. Fat is 
typically used in a “plug” fashion to fill the dead space created after removal of the 
skull base lesion. It can also be used in conjunction with fascia lata to create a “but-
ton graft,” where a layer of fat is placed between two layers of fascia lata. This 
multilayered graft has proven to be especially effective in the management of high- 
flow CSF leaks [2].

There are also a wide variety of heterologous materials available for dural recon-
struction. Acellular human dermis (AlloDerm, LifeCell Corporation, Branchburg, 
NJ, USA) has been used in many areas of head and neck surgery and has gained 
popularity for the reconstruction of anterior and middle cranial fossa skull base 
defects over the past decade. Advances in tissue engineering have also led to prolif-
eration of collagen-based dural replacement products. These products consist of 
collagen-rich animal tissues that have been processed to remove all cells and anti-
gens. They are designed to fully incorporate into native tissues via collagen remod-
eling while minimizing the inflammatory response. Several collagen-based dural 
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substitutes are available which include TissuDura (Baxter Biomedical, Vienna, 
Austria), Durafoam (Codman & Shurtleff, Inc., Raynham, MA, USA), DuraGen 
(Integra Neurosciences, Plainsboro, NJ, USA), and Durepair (Medtronic, 
Minneapolis, MN, USA). These are sterile, absorbable implants intended for the 
repair of the dura as a sutureless onlay grafts.

 Bone Reconstruction

The next layer that should be considered after the reconstruction of the dural layer 
is the bony posterior sphenoid wall. This layer is often either removed in order to 
gain access to the sellar lesion or is dehiscent in the case of a sphenoid encephalo-
cele. Autologous bone can be utilized for rigid reconstruction of this layer. Fragments 
of autologous bone can be obtained from the middle turbinate, nasal septum, and 
anterior sphenoid wall. It can be used to buttress the brain and minimize the effect 
of dural pulsations. The advantages of autologous bone materials are their absent 
cost and biocompatibility. However, the amount of useful bone is often unpredict-
able. Bone fragments have variable and irregular sizes, shapes, and thicknesses and 
often require the use of more than one fragment which makes the repair cumber-
some and unwieldy. Synthetic options for bony reconstruction include absorbable 
and nonabsorbable miniplates that may be placed as onlay or underlay grafts. 
Although available without additional harvesting, the potential for infection and 
scatter on imaging are distinct disadvantages to using synthetic materials.

 Mucosal Reconstruction

The final layer in the reconstructive algorithm is the mucosal layer. The mucosal 
layer of small defects with low-flow CSF leaks can be reconstructed with free 
mucosal grafts. These can be harvested from the septum and turbinates, as well as 
the nasal floor. Septal mucosa harvest results in exposed cartilage that may take 
longer to heal, increases the risk of a septal perforation, and could potentially com-
promise the future use of a nasoseptal flap [3]. If the middle turbinate is resected for 
exposure, harvest of the middle turbinate mucosal graft on the back table has no 
additional morbidity. Resection of the middle turbinate does however increase the 
risk of bleeding from branches of the sphenopalatine artery supplying the middle 
turbinate. Mucosa of the inferior turbinate can also be harvested, which tends to be 
thicker than the mucosa harvested from the middle turbinate. The nasal floor is an 
ideal site for free mucosal graft harvest as it provides a large graft size and has little 
donor site morbidity with complete remucosalization that is typically achieved 
quickly [4].

When there is a large defect with a high-flow CSF leak, the mucosal layer should 
be reconstructed with a pedicled, vascularized flap. The cornerstone of endonasal 
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reconstruction is the nasoseptal flap [5]. Prior to adaptation of the nasoseptal flap for 
skull base reconstruction, dural defects were repaired with multiple layers of non- 
vascularized tissues. With high-flow CSF leaks, the incidence of postoperative CSF 
leaks was too high (20–30%) and a valid constraint to the propagation of endonasal 
skull base surgery. With the advent of vascularized mucosal nasoseptal flap, the 
postoperative CSF leak rate dramatically decreased to less than 5% [5–7]. In the last 
decade, alternatives to the nasoseptal flap have been described, consisting of vascu-
larized local and regional flaps. Local flaps are harvested from the mucosa of the 
nasal cavity, including the middle turbinate and inferior turbinate. Regional flaps are 
harvested from areas adjacent to the nasal cavity and include extracranial pericra-
nium and temporoparietal fascia. Despite these alternatives, the nasoseptal flap 
remains the first choice for the reconstruction of the mucosal layer.

 Tissue Glues

Several surgical glues are described in the literature for use during endoscopic skull 
base surgery. These include Tisseel/Tissucol (Baxter BioSciences, Deerfield, IL, 
USA), BioGlue (CryoLife, Kennesaw, GA, USA), and DuraSeal (Covidien, 
Waltham, MA, USA). BioGlue is a semisynthetic glue composed of purified bovine 
serum albumin and glutaraldehyde. While supraphysiologic burst strengths have 
been reported with BioGlue, glutaraldehyde is associated with some degree of tis-
sue toxicity, and application to adjacent critical neurovascular structures should be 
performed with caution. Tisseel is a two-component biologic system made from 
pooled human plasma, consisting of fibrinogen solution and thrombin, with a cal-
cium cofactor promoting the final stage of coagulation [8]. DuraSeal is a polyethyl-
ene glycol hydrogel sealant used for watertight closure of the dura. While DuraSeal 
is FDA-approved for use in dural closure, it may expand significantly following 
application, and placement in a subdural plane may result in the compression of 
adjacent structures or in the displacement of an overlay graft.

 Surgical Reconstruction (Divided by Location)

 Reconstruction of Sellar Defects

In pituitary surgery, we typically create pedicle-sparing “rescue flaps,” whereby 
limited posterior septal incisions are made, which allow the nasoseptal flap pedicles 
to be protected bilaterally and the sella to be approached via a posterior septectomy. 
In this approach, small incisions are made at the level of the sphenoid ostia 
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bilaterally and carried anteriorly onto the superior nasal septum with electrocautery. 
The mucosa is then elevated inferiorly from the sphenoid ostium, thereby preserv-
ing the posterior septal branch of the sphenopalatine artery, which serves as the 
blood supply to the nasoseptal flap [9]. This is performed bilaterally to ensure that 
both the nasoseptal flap vascular pedicles are preserved, if needed for the recon-
struction of the sellar defect.

Once the sellar lesion has been removed, the resulting defect should be recon-
structed. With pituitary surgery, an intraoperative CSF leak is not always encoun-
tered. Some have argued that without an active CSF leak, this region does not need 
to be reconstructed, but in our experience, a mucosal layer reconstruction provides 
much quicker healing of the skull base. We typically will perform a posterior naso-
septal flap, i.e., “mini-nasoseptal flap,” as this provides vascularized mucosal cover-
age over the exposed bone and dura without the donor site morbidity of traditionally 
described nasoseptal flap [10]. In the event of an intraoperative CSF leak which 
indicates a violation of the arachnoid membrane, the resulting CSF leak must be 
addressed, and a reconstruction of the sellar defect should be performed to prevent 
a postoperative CSF leak. Reconstruction can be performed with a variety of autolo-
gous materials, including abdominal fat, cartilage, or fascia lata. A variety of rigid 
materials, including cartilage or bone fragments, alumina ceramic, silicone, or tita-
nium plates, have been used to reconstruct the sellar floor [11]. The advantages of 
autologous materials include biocompatibility and absent cost; however, the disad-
vantages include prolonged operative time, the need for a separate incision, donor 
site pain, infection, and hematoma formation. This has driven the transition to het-
erologous materials for sellar repair [12].

Our protocol for sellar reconstruction addresses both the dural layer and mucosal 
layer keeping with reconstruction of two of the three involved skull base layers 
(Fig. 22.1). If there is a low-flow CSF leak, our multilayer reconstruction consists of 
a synthetic dural substitute and a vascularized mini-nasoseptal flap. A collagen 
matrix is placed to reduce the sellar dead space (Fig. 22.1b). The dura is then sepa-
rated from the bony sellar floor using a round knife. Durepair (Medtronic, 
Minneapolis, MN, USA), a type I and type III collagen matrix from acellular fetal 
bovine skin, is then placed in the epidural space in an underlay fashion (Fig. 22.1c). 
A small amount of fibrin glue (Tisseel, Baxter BioSciences, Deerfield, IL, USA) is 
then placed over the Durepair to secure it into position. The vascularized mini- 
nasoseptal flap is then harvested from the prior rescue flap by completing the septal 
mucosal incisions with electrocautery. This flap is then laid over the sellar defect in 
the sphenoid sinus ensuring that there is maximal bony contact with flap and com-
plete coverage of the defect (Fig. 22.1d). Additional fibrin glue is then placed over 
the flap to secure it into position and to facilitate adherence of the flap to the skull 
base. If a high-flow CSF leak of the sella is identified, it should be reconstructed in 
a similar fashion to the reconstruction of the tuberculum and planum defects 
described below.
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Fig. 22.1 Reconstruction of a sellar defect. (a) Preoperative coronal MRI showing a pituitary 
macroadenoma with suprasellar extension. (b) Resulting defect (dotted white circle) of the sella 
after removal of the lesion. Collagen sponge is placed in the sellar cavity to reduce the dead space. 
(c) Durepair, a collagen matrix, placed in the epidural space in an underlay fashion to reconstruct 
the dural layer. (d) Posterior nasoseptal flap, or mini-nasoseptal flap (dotted line), placed over the 
sellar defect to reconstruct the mucosal layer

 Reconstruction of Tuberculum and Planum Defects

Tumors of the tuberculum sellae and planum sphenoidale can be approached 
through an extended transsphenoidal approach. This approach expands the opera-
tive exposure beyond the sella by removing the bone in the region of the tuberculum 
sellae and planum sphenoidale [13]. Tumors in this region include suprasellar pitu-
itary tumors, tuberculum sella meningiomas, Rathke’s cleft cysts, optic nerve glio-
mas, and craniopharyngiomas. Removal of these tumors often leads to a large 

T. D. Patel et al.



313

arachnoid membrane defect with a high-flow CSF leak. Often the arachnoid mem-
brane is intentionally opened to get access to the tumor. Traditional sellar floor 
reconstruction techniques are insufficient for the defects that results from this 
extended approach [14]. Closure techniques that can withstand the increased CSF 
flow are required. In contrast to the repair of the sella, it is often difficult to detach 
the dura from the skull base bone in the region of planum and tuberculum during 
extended approaches, preventing a watertight extradural closure. In designing the 
skull base repair for extended approaches, multiple factors should be considered 
including the size of the tumor, adequacy and geometry of the remaining dural and 
bone margins, and previous intranasal surgery.

Different reconstructive techniques continue to evolve for the reconstruction of 
planum and tuberculum defects depending on the dimension and location of the 
defects. These reconstructive techniques utilize a multilayer combination of bone 
and dural substitutes placed in an inlay and onlay fashion in the intradural, extradu-
ral (i.e., epidural), and extracranial spaces. Vascularized local and regional tissue 
flaps have increasingly been used to repair planum and tuberculum skull base 
defects. Vascularized tissue is used to complete the reconstruction, to increase the 
effectiveness of the reconstruction, and to facilitate wound healing. The most com-
monly used vascularized flap is the nasoseptal flap. The large surface area of the 
nasoseptal flap allows great versatility of movement. It is capable of reaching most 
regions of the ventral skull base, including the sella turcica, planum sphenoidale, 
clivus, or cribriform plate [5, 15]. For large defects like these, we utilize an extended 
nasoseptal flap that includes mucosa from the nasal floor and the lateral nasal wall 
to increase the width and bring the incision anteriorly to the junction of the mucosa 
and vestibular skin to maximize its length for maximal flap on bone adherence. We 
minimize donor site morbidity of the anterior cartilage by harvesting and placing a 
reverse rotation flap [16].

Our protocol for the reconstruction of tuberculum and planum defects addresses 
the dural layer and the mucosal layer (i.e., two out of the three layers). Reconstruction 
begins with the obliteration of the dead space with fat to prevent pooling of CSF at 
the bony defect (Fig. 22.2). Fat and fascia lata are harvested from the thigh and used 
to create a “button graft.” The button graft consists of fat placed between two layers 
of fascia lata sutured together to form an inlay and onlay component (Fig. 22.2c). 
The inlay portion sits within the subdural space, while the onlay portion covers the 
epidural space to create a tight primary dural closure (Fig. 22.2d). A small amount 
of fibrin glue is then placed over the graft to secure it into position. A nasoseptal flap 
is then rotated to cover the defect (Fig. 22.2e), and more fibrin glue is used to secure 
the graft in place [13].

The use of lumbar drains for extended transplanum and transtubercular 
approaches is institution dependent. Some institutions routinely use lumbar drains 
for extended approaches, while others use them on a more selective basis. For 
patients without elevated intracranial pressures (ICPs), the authors do not typically 
use a lumbar drain.
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Fig. 22.2 Reconstruction of a tuberculum and planum defect. (a) Preoperative sagittal MRI show-
ing a tuberculum meningioma with extension to the planum sphenoidale. (b) Resulting defect 
(dotted white line) after removal of the lesion. (c) A button graft consisting of fat placed between 
two layers of fascia lata sutured together will serve as a reconstruction of the dural layer. (d) Button 
graft positioned over the defect with one layer placed in the subdural space and the other layer 
placed in the epidural space. (e) Extended nasoseptal flap (dotted line) placed over the defect to 
reconstruct the mucosal layer
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 Reconstruction of Lateral Recess Defects

Spontaneous CSF leaks are thought to occur due to elevated intracranial pressures. 
The lateral recess of the sphenoid sinus is a common location for spontaneous CSF 
leaks. Leaks in this region generally are associated with a hyperpneumatized sinus, 
extending lateral to the vidian canal and foramen rotundum [17, 18]. Skull base 
defects in this region can be large, and encephaloceles represent herniation of the 
temporal lobe into the sphenoid sinus, often in close proximity to the optic nerve 
and carotid artery. Given the lateral location of these defects, a standard transnasal 
sphenoidotomy usually provides insufficient access, even with angled scopes and 
instruments. The transpterygoid approach typically provides superior visualization 
and access for reconstruction.

Our surgical management of this defect begins with placement of a lumbar drain, 
which allows fluorescein to be used to localize the leak intraoperatively and ensure 
a watertight seal following repair. Of note, intrathecal fluorescein is an off-label 
usage and must be discussed with the patient prior to utilization. The lumbar drain 
is left open to drain following surgery, reducing the intracranial pressure and divert-
ing the flow of CSF away from the repair site during the early phase of healing. Use 
of lumbar drain is based on theoretical premises, and clinical trials are not available 
to evaluate their effectiveness. The use of lumbar drains should be considered on an 
individual basis as they may result in complications.

The transpterygoid approach begins with a wide maxillary antrostomy and trans-
ethmoid sphenoidotomy (Fig.  22.3). The sphenoid sinus is opened widely and 
extended as far lateral as possible. The maxillary antrostomy is widened posteriorly 
to the posterior wall of the sinus until the hard palatine bone is encountered 
(Fig. 22.3b). The crista ethmoidalis is then identified, which marks the location of 
the sphenopalatine artery. High-speed diamond drill and Kerrison rongeurs are then 
used to remove the posterior wall of the maxillary sinus from medial to lateral 
beginning with the crista ethmoidalis. The periosteum of the pterygopalatine fossa 
(PPF) is then cauterized with bipolar electrocautery and incised horizontally along 
the course of the internal maxillary artery (IMA) (Fig. 22.3c). Using blunt dissec-
tion, the IMA can be identified and retracted. Vessel clips or bipolar electrocautery 
can then be used to ligate and divide the IMA. This allows access to the posterior 
wall of the PPF, which is also the anterior wall of the lateral sphenoid recess. At this 
point, it is helpful to confirm the anatomical location with image guidance. A curette 
or high-speed diamond drill is then used to enter through the anterior wall of the 
lateral sphenoid recess, with the opening expanded circumferentially using Kerrison 
rongeurs (Fig.  22.3d). The skull base defect and encephalocele should then be 
directly visible. A bipolar electrocautery or coblator is used to reduce the encepha-
locele, if present (Fig. 22.3e). After exposing the skull base defect, we begin the 
reconstruction.

At our institution, we lean towards reconstructing the bone and the mucosal layer 
(i.e., two of the three involved layers) in the case of spontaneous CSF leaks of the 
lateral recess due to the increased intracranial pressures. Ideally, the bone or 
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Fig. 22.3 Reconstruction of lateral recess defect. (a) Preoperative coronal MRI showing a left 
lateral sphenoid recess encephalocele. (b) Transpterygoid approach, which is needed for adequate 
exposure of lateral recess defect, begins with a wide maxillary antrostomy and sphenoidotomy 
(dotted lines). (c) Bipolar electrocautery is used to cauterize the periosteum of pterygopalatine 
fossa (PPF) after removal of the posterior maxillary wall. (d) After ligation of the internal maxil-
lary artery, the posterior wall of PPF (i.e., anterior wall of the lateral sphenoid recess) is removed 
with Kerrison punch, thereby exposing the lesion. (e) Coblator is used to reduce the lateral recess 
encephalocele. (f) Autologous bone harvested from septum is placed over the defect in an underlay 
fashion (dotted circle) to reconstruct the bony layer. (g) Contralateral nasoseptal flap is then placed 
over the defect to reconstruct the mucosal layer. (h) Postoperative endoscopic view of a well 
healed lateral recess defect

cartilage harvested from the septum can be shaped to span the defect and placed in 
an underlay fashion (Fig. 22.3f). The purpose of this rigid or semirigid reconstruc-
tion is to buttress the brain and meninges, which minimizes the effect of dural pulsa-
tions and overall increased ICPs. In very narrow defects (<2 mm), a rigid underlay 
may not be possible, and a wedge-shaped graft may be placed in an overlay fashion. 
At this stage, there should be a watertight closure of the defect, which can be 
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confirmed by the absence of any fluorescein leaking through the defect. A very 
small amount of absorbable fibrin glue (Tisseel, Baxter BioSciences, Deerfield, IL, 
USA) is then placed over the rigid material to secure it into position. Mucosal over-
lay grafts are then placed over the defect, and these can be free or pedicled. We 
prefer to use the contralateral pedicled nasoseptal flap for an additional multilayer 
closure of the defect (Fig. 22.3g). The graft is then secured into position with addi-
tional fibrin glue. The lumbar drain is opened at the time of repair and is used to 
remove 10 mL CSF/h for the first 48 h. Postoperative nasal endoscopy at 6 months 
shows a well healed nasoseptal flap with minimal crusting (Fig. 22.3h).

 Conclusion

With the advances in endoscopic techniques, the reconstruction of sphenoid defects 
has evolved utilizing the principles of a meticulous multilayer closure employing 
closure of two of the three natural tissue planes. While the basic tenets stay the 
same, the tissue materials including fashioning of the nasoseptal flap differ based on 
location and pathology.
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Chapter 23
Reconstruction of Clival 
and Craniocervical Junction Defects

Neal R. Godse, Vijay A. Patel, and Eric W. Wang

 Introduction

Endoscopic endonasal approaches have been employed to address an ever-growing 
number of pathologies of the skull base including sellar, anterior cranial fossa, 
petrous apex, clival, and craniocervical junction pathologies. A key step in the wide-
spread adoption of endoscopic endonasal surgery has been the ability to reliably 
reconstruct the resultant cranial base defect. The goals of reconstruction, regardless 
of location, are to create a barrier between the intra- and extracranial spaces, miti-
gate cerebrospinal fluid (CSF) leak, and provide soft tissue coverage of key neuro-
vascular structures.

Endoscopic endonasal approaches to the nasopharynx, clivus, and craniocervical 
junction are used for a variety of conditions including benign cervical lesions, like 
rheumatoid pannus, to skull base malignancies, such as chordoma, chondrosar-
coma, and nasopharyngeal carcinoma. The primary goal of this section is to provide 
a comprehensive review of skull base reconstruction with a particular focus on the 
nuances of clival and craniocervical junction defect management.
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 Applied Anatomy and Reconstructive Goals

 Key Surgical Anatomy

The nasopharynx is a space of the upper aerodigestive tract bounded by the nasal 
choanae and posterior septum anteriorly, the floor of the sphenoid sinus superiorly, 
the eustachian tubes laterally, and the soft palate inferiorly. The clivus is a sloping 
bony structure posteroinferior to the dorsum sellae formed by the fusion of the sphe-
noid body (upper one-third of the clivus) and the occipital bone (lower two-thirds of 
the clivus). The posterior boundaries of the nasopharynx are the first and second 
cervical vertebrae (C1 and C2), which, along with an array of complex fibroliga-
mentous attachments and articulations, form the fibro-osseous craniocervical junc-
tion (Fig. 23.1).

There are many critical anatomic structures in this region when considering sur-
gical intervention and reconstruction; of particular importance are the paraclival 
carotid arteries that run lateral to the clivus; the sella turcica; the cavernous sinus; 
cranial nerves III, IV, V, and VI that course through the sinus; and the optic chiasm. 
The basilar artery courses in the posterior cranial fossa, posterior to C1 and C2 
within the craniocervical junction. Laterally, the prominence of the jugular tubercle 
can define the position of cranial nerve XII as it enters the hypoglossal canal. The 
prepontine cistern is the CSF-filled subarachnoid cistern immediately posterior to 
the clivus and craniocervical junction. Entry into this cistern results in a high-flow 
CSF leak, posterior to the paraclival internal carotid arteries. The abducens nerve 
(cranial nerve VI) is the most medial of the three cranial nerves that exit the 

Fig. 23.1 Anatomic 
schematic of clivus, 
nasopharynx, and 
craniocervical junction. C 
clivus, ICA internal carotid 
artery, PG pituitary gland, 
SSF sphenoid sinus floor, 
C1 first cervical vertebrae, 
C2 second cervical 
vertebrae, D dens, SP soft 
palate, ETO eustachian 
tube orifice, TT torus 
tubarius, MT middle 
turbinate, IT inferior 
turbinate
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pontomedullary junction (facial nerve, vestibulocochlear nerve, and abducens 
nerve). After exiting the pontomedullary junction, the nerve courses anteriorly, 
superiorly, and laterally and enters Dorello’s canal—a fibro-osseous channel 
bounded superiorly by the petrosphenoidal ligament and inferiorly by the bone of 
the petrous apex and the superolateral clivus. It pierces the dura and turns forward 
to project into the cavernous sinus. The medial position at the pontomedullary junc-
tion, medial position in the cavernous sinus, relative fixation within Dorello’s canal, 
and long course put the nerve at a high risk for injury from surgical manipulation 
(particularly from transclival work and transclival approaches to the petrous apex) 
and elevated intracranial pressure leading to stretch injury.

 Principles and Challenges of Clival and Craniocervical 
Junction Reconstruction

Common clinical pathologies involving the nasopharynx, clivus, and craniocervical 
junction include nasopharyngeal carcinoma, clival chordoma, petroclival chondro-
sarcoma, and rheumatoid pannus of the odontoid process of C2. Surgical interven-
tion often results in a mucosal defect (from mucosal elevation and/or resection in 
the setting of tumor involvement), a bone defect (from bone removal and/or resec-
tion given tumor involvement), and/or a dural defect (from intradural access and/or 
dural resection given tumor involvement). Within this framework, the goals of 
reconstruction are to separate the intracranial and extracranial compartments to pre-
vent complications like meningoencephalitis, pneumocephalus, and CSF leak, pro-
vide soft tissue coverage of the key neurovascular structures (cranial nerves, 
paraclival carotids, and basilar artery), minimize risk of pontine encephalocele, and 
potentially accelerate wound healing.

An overarching, specific challenge of clival and craniocervical junction defect 
reconstruction is their orientation—the clivus slopes inferiorly as it progresses pos-
teriorly, and the craniocervical junction is essentially vertically oriented. Typically, 
the floor of the sphenoid sinus is removed to facilitate access to the mid and lower 
clivus and upper craniocervical junction. As such, when graft materials are inset 
into a skull base defect, there is not a stable “floor” to build off of to support the 
proposed reconstruction. This issue is surpassed by careful placement of the graft 
materials and the strategic use of resorbable and permanent nasal packing to create 
a bolster to hold the grafts in position. However, aggressive packing to overcome 
this issue can lead to compression of critical brainstem neurovascular with signifi-
cant risk of resultant morbidity or mortality. Additionally, inferiorly based flaps of 
the nasopharyngeal mucosa and pharyngobasilar fascia may help to provide inferior 
support to the reconstruction.

In their study evaluating lumbar drains after endoscopic skull base surgery, 
Zwagerman et al. found that the size of clival dural defects tended to be larger than 
dural defects following suprasellar surgery [1]. Moreover, the size of the dural 
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defect was significantly, positively associated with the risk of post-operative CSF 
leak—patients with CSF leaks had an average dural defect of 6.2 cm2 compared to 
2.9 cm2 for patients who did not have CSF leaks (p = 0.03). As such, the size of the 
dural defect following clival or craniocervical junction surgery is a key issue for 
clival and craniocervical junction defect reconstruction.

The depression created by the removal of the bone of the clivus while maintain-
ing the superficial position of the paraclival carotids and the pituitary gland offers 
another challenge to the reconstructive surgeon. If left unaddressed, this depth dis-
crepancy increases the surface area of reconstruction required and creates a com-
plex contour that can create gaps within the reconstruction, allowing for fistula 
formation.

The proximity of the prepontine cistern and the frequency of intradural extension 
of common clival pathology create the potential for high-flow CSF leaks either dur-
ing tumor ablation or if inadvertently opened. The severity of the leak, if present, is 
exacerbated by the dependent position of the cistern. In this scenario, reconstruction 
often requires multilayered closure with vascularized tissue coverage as well as 
lumbar drain placement.

Finally, a number of malignant skull base pathologies can be managed either 
primarily or in the adjuvant setting with radiation therapy. A history of radiation 
exposure (e.g., for nasopharyngeal carcinoma treated primarily with chemoradia-
tion) reduces the availability of local, robustly vascularized tissue. Should salvage 
surgery be deemed necessary, regional vascularized flap reconstruction of the defect 
is recommended to mitigate radiation-induced breakdown and treatment-related 
complications (e.g., osteoradionecrosis of the skull base).

The complexity of posterior cranial fossa is underscored by prior research efforts 
to understand the incidence of complication rates noted in the skull base literature: 
in an aggregate population of 299 patients who underwent skull base surgery of the 
clivus from 7 systematic and retrospective studies, Wang et al. noted a 19.1% recon-
structive failure rate; by contrast there was a 4.2% reconstructive failure rate of 140 
patients who underwent surgery of the craniocervical junction [2]. A general recon-
structive algorithm is presented in Fig. 23.2.
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Fig. 23.2 General reconstructive algorithm. Assessment of tissue defect, size of the defect, pres-
ence of a cerebrospinal fluid (CSF) leak, history of radiation therapy or need for adjuvant radiation 
therapy, and degree of clival and/or craniocervical junction involvement in the defect are key fac-
tors in considering reconstructive options. The final reconstructive strategy, use of antibiotics, 
endonasal packing, and lumbar drain are influenced by surgeon experience and preference as well

 Review of Reconstructive Techniques

 Multilayered Reconstruction Paradigm

The techniques available for skull base defect reconstruction can be largely divided 
into free mucosal grafts, local pedicled flaps, regional flaps, and microvascular free 
tissue transfer. Regardless of the final choice of tissue, multilayered closure is rec-
ommended when reconstructing complex defects of the clivus and craniocervical 
junction with an intraoperative CSF leak. While there are no studies directly com-
paring single-layer and multilayer closures, expert opinion does favor multilayer 
closure for complex defects that result in a high-flow CSF leak, as is often the case 
with clival dissection [2].

When the mucosa, periosteum, bone, and dura are resected, multilayer 
reconstruction is typically composed of an inlay intradural graft (between the 
brainstem and dura) and a composite extradural onlay (overexposed dura and 
bone) comprised of a combination of materials including fascia lata free graft, 
fat graft (either abdominal or dermal), and/or vascularized mucoperiosteal 
flaps (nasoseptal flap, lateral nasal wall flap, etc.). Several materials have been 
utilized for the dural inlay and extradural onlay grafts, including fascia lata and 
allograft materials such as acellular cadaveric human dermis (AlloDerm, 
LifeCell Corporation, Branchburg, NJ) and collagen matrix grafts (DuraGen, 
Integra LifeSciences Corporation, Plainsboro, NJ; DuraMatrix, Stryker 
Corporation, Oakland, NJ). The choice between graft types is classically based 
on surgeon experience and preference; the authors prefer a collagen graft 
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intradural inlay and fascia lata graft onlay for clival defects. Care must be taken 
when positioning the lateral extent of the intradural inlay graft to avoid injury 
to the abducens nerve; to achieve this, a slit can be cut into the lateral edges of 
the inlay graft that the nerve can pass through as it courses to Dorello’s canal.

Free abdominal or dermal fat grafts also play an important role in clival recon-
struction. Koutourousiou et al. performed radiographic analysis of posterior fossa 
defect reconstruction after transclival endoscopic skull base surgery [3]. Out of 
103 posterior fossa tumors treated via a transclival approach, 14 patients demon-
strated post-operative changes including anterior displacement of the pons and 
enlargement of the fourth ventricle. Patients with these specific radiographic 
changes were noted to have extensive clival dissection (>50% bone removal), and 
more than 50% of the patients were overweight (BMI > 25). The use of a free 
abdominal fat graft was the only protective factor in the prevention of pontine 
herniation, associated with 91% lower odds of developing pontine herniation/
encephalocele.

The use of abdominal fat in multilayer reconstruction of clival defects has the 
added benefit of reducing the distance created by the removal of the clivus when 
contouring a locoregional flap over the paraclival carotid arteries. Filling this space 
reduces the required surface area of mucosal graft and provides a level contour that 
improves the contact between the layers of the reconstruction and the surgical 
defect. An overview of the steps of reconstruction from the preoperative evaluation 
to the post-operative setting is presented in Fig. 23.3.

Fig. 23.3 Overview of the steps of reconstruction
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 Free Mucosal Grafts

Free mucosal grafts are often harvested from the middle turbinate (which is fre-
quently removed during endoscopic skull base surgery) or the nasal floor. Previous 
studies have demonstrated the relative equivalency in preventing post-operative 
CSF leaks between free mucosal grafts and vascularized reconstruction when there 
is either no intraoperative or a low-flow intraoperative CSF leak [2]. By contrast, 
Soudry et al. found in a systematic review that high-flow intraoperative CSF leaks 
were better managed with vascularized tissue reconstruction in lieu of free mucosal 
grafts—4% post-operative CSF leak rate with vascularized reconstruction vs. 18% 
post-operative CSF leak rate with free mucosal graft reconstruction [4]. Moreover, 
Soudry et al. reported a 60% success rate with free mucosal graft reconstruction for 
clival defects compared to a 75–100% success rate with vascularized tissue recon-
struction. Based on the best available evidence, vascularized reconstruction is criti-
cal following surgery of the posterior cranial fossa and craniocervical junction that 
involves dissection of the prepontine cistern or results in a high-flow CSF leak, 
while a free mucosal graft may be an option if the surgery does not result in an 
intraoperative CSF leak.

 Local Pedicled Flaps: Nasoseptal Flap, Lateral Nasal Wall Flap, 
and Rhinopharyngeal Flap

The nasoseptal flap is a local flap of septal mucosa and perichondrium/periosteum 
that is pedicled posteriorly by the posterior septal branch of the sphenopalatine 
artery. The flap was popularized by Hadad et al. in 2006 and has since become the 
workhorse flap for endonasal skull base reconstruction [5]. Modifications that can 
be performed include an extension to include the nasal floor and inferior meatal 
mucosa for clival defects as well as the ability to raise rescue flaps for craniocervical 
defects. Its premier position as the workhorse reconstructive flap is based on a 
robust vascular supply, ability for rapid flap elevation, minimal donor site morbid-
ity, ease of access within the surgical field, and total available surface area. Within 
the context of clival and craniocervical junction reconstruction, the arc of rotation 
relative to the vascular pedicle may limit the coverage that it can provide. In this 
situation, mobilization of the vascular pedicle to the internal maxillary artery in the 
pterygopalatine fossa has been described to maximize the reach of the flap [6]. Care 
must be taken not to injure the pedicle during transclival surgery as the course of the 
posterior septal branch is at the same level as the mid-clivus in an axial plane. 
Careful preoperative planning of the anticipated defect is essential, and supplemen-
tation with other grafts or flaps across the reconstructive ladder may be required to 
address particularly low or extensive defects of the clivus and/or craniocervical 
junction. An endoscopic view of a multilayer reconstruction of a clival defect with 
fascia lata, abdominal fat, and an extended nasoseptal flap is presented in Fig. 23.4.
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a b

c d

Fig. 23.4 Multilayer reconstruction of a clival defect. (a) A clival defect with exposure of the 
posterior cranial fossa contents, including the basilar artery. Half-inch cottonoid included for scale. 
(b) A fascia lata graft has been placed over the defect after placement of a collagen matrix inlay 
(not shown). (c) Placement of a free abdominal fat graft to reduce the clival defect. (d) Placement 
and positioning of the extended nasoseptal flap to complete the multilayer reconstruction. ICA 
internal carotid artery, BA basilar artery, FL fascia lata, FG fat graft, eNSF extended nasoseptal flap

As previously noted, vascularized flaps, with the nasoseptal flap being the most 
commonly analyzed, are superior to free mucosal grafts for clival reconstruction 
with regard to post-operative CSF leak rates. Fraser et al. performed a retrospective 
review of 615 patients who underwent skull base reconstruction and found that 
posterior fossa tumors had the highest rates of post-operative CSF leaks (32.6%, 
compared to 9.9% of sellar/suprasellar defects). This group also found that vascu-
larized flap utilization was associated with lower rates of post-operative CSF leaks 
compared to free grafts: 13.5% vs. 27.8% [7]. Direct comparisons of mucosal 
grafts and vascularized flaps in reconstruction of posterior fossa defects were not 
included, but the authors determined that posterior cranial fossa defects should be 
considered to be an indication for reconstruction with a vascularized flap rather 
than a free graft.
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327

The mucosa of the lateral nasal wall and inferior turbinate has also been employed 
in skull base reconstruction. In 2007, Fortes et al. described a mucoperiosteal infe-
rior turbinate flap pedicled posteriorly on the artery to the inferior turbinate for the 
reconstruction of three clival defects [8]. Previous studies had demonstrated that a 
similar flap pedicled anteriorly could offer approximately 5 cm2 of surface area for 
reconstruction [9], but the authors noted that flap size could be augmented by rais-
ing bilateral flaps or extending the incisions to include the nasal floor and middle 
meatus. All patients in the original report recovered without post-operative compli-
cations or CSF leak. Lavigne et al. performed an anatomic cadaveric study charac-
terizing the vascular pedicle of the lateral nasal wall flap and found that the deep 
branch of the artery of the inferior turbinate was the dominant supply to the flap, 
rather than the superficial branch [10]. The authors also described the clinical out-
comes of 24 lateral nasal wall flaps used when a nasoseptal flap was unavailable, 
there was a post-operative CSF leak from nasoseptal flap necrosis, or there was a 
post-operative leak due to insufficient flap tissue. They noted an overall success rate 
of 75%—while an anatomic subsite-specific analysis was not included, a majority 
of the flaps (18/24) were used in clival and craniocervical junction reconstruction. 
The authors note the particular suitability of this flap for posterior fossa reconstruc-
tion given the pedicle location and orientation. Anteriorly pedicled lateral nasal wall 
flaps have also been well described but based on the pedicle location are not suitable 
for reconstruction of clival or craniocervical junction defects.

The soft tissue of the nasopharynx and upper oropharynx can either be removed 
or elevated as an inferiorly pedicled flap to access the lower clivus or craniocervical 
junction, referred to as a rhinopharyngeal flap. The mucosa of the nasopharynx is 
incised with a needle-tip electrocautery in an inverted-U with the sphenoid floor 
forming the superior boundary and the fossae of Rosenmüller and salpingopharyn-
geus muscles forming the lateral boundaries. The position of the parapharyngeal 
carotid arteries should be assessed preoperatively on imaging and intraoperatively 
with Doppler ultrasound to avoid inadvertent injury with flap elevation. During 
reconstruction, the soft tissue of the rhinopharyngeal flap is typically positioned 
over the edges of the fascia lata used as an extradural onlay graft, thus limiting a 
direct avenue of egress of CSF into the lumen of the oropharynx and nasopharynx. 
If another vascularized flap is being employed for reconstruction (e.g., a nasoseptal 
flap), care is taken to minimize mucosal overlap so that the mucoperichondrium and 
mucoperiosteum of both flaps are in contact with the deeper layers of the multilayer 
reconstruction. The endoscopic views of an odontoidectomy defect, elevation of the 
rhinopharyngeal flap, and final flap placement and stabilization with tissue glue are 
presented in Fig. 23.5.

Champagne et  al. performed a retrospective case-control study evaluating the 
lower clival and craniocervical junction reconstruction with and without a rhinopha-
ryngeal flap [11]. Sixty patients underwent surgery of the clivus or craniocervical 
junction of which 30 had a rhinopharyngeal flap and 30 patients did not have a rhi-
nopharyngeal flap. There was no significant difference in the rates of CSF leaks 
between the flap and no-flap group; however, there was a significantly higher rate of 
nasoseptal flap necrosis (no-flap 20% vs. flap 3%) and surgical site infection 
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a b c

Fig. 23.5 Craniocervical junction defect and rhinopharyngeal flap. (a) Elevation of the rhinopha-
ryngeal flap—the flap is elevated using electrocautery in a superior to inferior direction. (b) A 
craniocervical junction defect after removal of the odontoid process. (c) After the craniocervical 
junction work is done, the rhinopharyngeal flap is reflected superiorly and can be stabilized in this 
position using a fibrin tissue glue

(no- flap 27% vs. flap 3%) in the group reconstructed without a rhinopharyngeal flap 
between post-operative CSF leaks. All rhinopharyngeal flaps were found to be well 
vascularized as shown by contrast enhancement on post-operative gadolinium- 
enhanced MRI. Though the exact, causal relationship between the nasoseptal flap, 
rhinopharyngeal flap, flap necrosis, and infection remains unclear, the flap does 
appear to improve the integrity of low-clival and craniocervical junction reconstruc-
tion when available. It may serve as a soft tissue “floor” akin to the sphenoid sinus 
floor in supporting the inferior aspect of the reconstruction and serve as a barrier to 
prevent contamination from the oropharynx.

 Vascularized Regional Flaps: Pericranial Flap, Temporoparietal 
Fascia Flap, and Palatal Flap

Many other reconstructive flaps have been described in the literature; however, no 
other flap has been studied as extensively as the nasoseptal flap, and there are no 
head-to-head studies comparing outcomes across reconstructive outcomes. As such, 
in reviewing other reconstructive flaps, comparisons are made based on logistical as 
well as technical advantages and disadvantages rather than evidence-based, func-
tional performance. However, all of these regional flaps do benefit from a robust 
vascular supply and are thus considered to be functionally superior to free mucosal 
grafts when reconstructing complex cranial base defects with high-flow CSF leaks. 
This assumption is supported by evidence provided by Patel et al. who reported only 
1 CSF leak across 34 cases reconstructed with secondary flaps (i.e., non-nasoseptal 
flap reconstructions); this rate was found to be equivalent to the success rate achieved 
with nasoseptal flap reconstruction [12].

The pericranial flap is a subgaleal flap of scalp pericranium pedicled on the 
supratrochlear and supraorbital arteries. The flap has a long history of use in open 
craniofacial and anterior skull base reconstruction. Theoretically the flap can extend 
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from the vascular pedicle to the occiput, providing a very large, vascularized graft. 
Moreover, its robust vascular supply allows the flap to survive on one vascular ped-
icle. The pericranial flap initially suffered with the transition to endoscopic endona-
sal surgery as there was not a reliable, minimally invasive/endoscopic harvest 
technique. However, in more recent years, endoscopic harvest and tunneling tech-
niques have been described; in these reports, large flaps of pericranium were used to 
reconstruct the entirety of the anterior skull base from frontal sinus to the planum 
sphenoidale [13]. After endoscopic-assisted harvest, the flap is transposed intrana-
sally via a tunnel drilled through the nasion. Follow-up studies provided a radio-
logic methodology to estimate the size of pericranium needed to reach particular 
defects, including clival and posterior cranial fossa defects [14]. To identify risk 
factors for persistent CSF leak, Torres-Bayona et al. performed a case-control study 
of 7 patients with persistent post-operative CSF leaks (requiring more than 1 repair) 
matched to 25 patients who underwent similar surgeries but did not develop persis-
tent CSF leaks [15]. All patients, both case and control, underwent transclival/pos-
terior cranial fossa surgery and had high-flow intraoperative CSF leaks during the 
index surgery. There was a significantly higher proportion of obese patients in the 
persistent leak group than the matched controls. Furthermore, the authors reported 
that five of the seven patients with persistent leak were ultimately salvaged with a 
pericranial flap. The pericranial flap is particularly useful when the septal mucosa is 
not a viable flap either due to previous procedures or septal involvement with a 
malignancy, if a clival defect is confluent with a large anterior cranial base defect, 
or in the setting of a persistent CSF leak in an obese patient.

The temporoparietal fascia flap is pedicled on the anterior branch of the superfi-
cial temporal artery (one of the terminal branches of the external carotid artery) and 
utilizes the temporoparietal fascia of the temporal region for reconstruction (the 
inferior continuation of the galea aponeurotica of the scalp and the superior continu-
ation of the superficial musculoaponeurotic system of the face). Although previ-
ously described in the head and neck and plastic surgery literature for the 
reconstruction of the scalp, auricle, orbit, and oral cavity defects, in 2007 Fortes 
et  al. described a novel methodology for transposing the flap endonasally via a 
trans-infratemporal fossa/pterygopalatine fossa approach [16] that was well illus-
trated in a surgical video published by London et al. in 2020 [17]. The lateral posi-
tioning of the vascular pedicle makes this flap geometrically well suited to 
reconstruction of clival and craniocervical junction with defects extensive enough 
to involve the foramen magnum [16, 18]. Relative to the endoscopically harvested 
pericranial flap or nasoseptal flap, the temporoparietal fascia flap does require an 
external, hemicoronal (and sometimes bicoronal) incision. The authors recommend 
using the flap in scenarios where the nasoseptal flap is not available for reconstruc-
tion and further recommend using the flap, if available, on the ipsilateral side of the 
defect. Particular pitfalls to be aware of with the temporoparietal fascia flap are a 
history of superficial temporal artery biopsy or scalp radiation which may compro-
mise the vascular pedicle.

Palatal mucoperiosteal flaps have also been used in clival and posterior cranial 
fossa reconstruction. Oliver et  al. described a method to transpose a hemi- or 

23 Reconstruction of Clival and Craniocervical Junction Defects



330

complete palatal mucoperiosteal flap via the greater palatine canal pedicled on the 
descending palatine vessels endonasally for skull base reconstruction [19]. The 
authors noted a potential flap surface area of up to 18.5 cm2 that allowed easy cover-
age of clival defects and craniocervical junction defects to the level of the foramen 
magnum. Patel et al. reported two clinical cases of the palatal transposition flap used 
for clival reconstruction and noted no post-operative complications [12].

 Microvascular Free Tissue Transfer

Microvascular reconstruction has been described in reconstruction of skull base 
defects but is generally considered to be a last-resort option in extensive defects 
and/or if no viable locoregional pedicle flap options exist. A variety of donor sites 
have been described including radial forearm free flaps [20, 21], anterolateral thigh 
free flaps [22], and the fibula free flap [23]. Technically, the vascular pedicle of 
these flaps is oftentimes tunneled through the maxillary sinus and a lateral maxil-
lotomy for anastomosis with the recipient vessels of the neck, oftentimes the facial 
vessels [24], though other techniques have been described where the pedicle is 
externalized via a burr-hole craniotomy [25]. The plethora of local, pedicled flaps 
has mitigated the need for regular microvascular free tissue transfer, but they remain 
an important component of the reconstructive ladder.

 Perioperative Management

 Packing

Numerous options exist for nasal packing in endoscopic skull base surgery. The role 
of packing is to bolster the skull base reconstruction in the acute phases of healing 
but may provide the added benefit of hemostasis and maintenance of nasal patency. 
Both absorbable options (NasoPore, Gelfoam, Surgicel) and nonabsorbable options 
(Merocel, strip gauze packing) exist. The choice and combination of agents to use 
in packing are best left to surgeon experience given the lack of evidence for or 
against particular agents. Within the context of clival and craniocervical junction 
defects, packing has to be very carefully placed to bolster the reconstruction of a 
potentially high-flow CSF leak but without overpacking and exerting pressure on 
the delicate structures of the brainstem and posterior cranial fossa. For reconstruc-
tions involving high-flow CSF leaks, the authors use Merocel (Medtronic Inc., 
Minneapolis, MN, USA) to buttress the reconstruction; conversely, NasoPore 
(Stryker, Kalamazoo, Michigan, USA) is used for packing in extradural reconstruc-
tions without CSF leaks.
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 Antibiotics

Data assessing the use of perioperative antibiotics in endoscopic skull base surgery 
is particularly heterogenous. Agents, duration, and indications with respect to CSF 
leak and nasal packing as well as pathology-specific usage vary widely across stud-
ies and from institution to institution [2]. Rosen et al. performed a systematic review 
of perioperative prophylactic antibiotics in endoscopic skull base surgery and was 
unable to perform a meta-analysis due to the heterogeneity of the included reports 
[26]. Milanese et al. found significantly higher rates of meningitis in patients with 
post-operative CSF leaks (OR 20.8; 95% CI 5.6–76.6) and surgery for malignancy 
(OR 8.3; 95% CI 1.2–36.8). Higher-quality studies assessing the risk factors for 
post-operative infection and the role of prophylactic antibiotics are necessary to 
address these unanswered questions [27]. Based on this, an evidence-based state-
ment on the use perioperative use of prophylactic antibiotics is not possible; it is the 
authors’ practice, though, to provide IV ceftriaxone for 48 h post-operatively, there-
after, switching to 5 days of cefuroxime for the duration of nasal packing.

 Lumbar Drain

Perioperative lumbar can be used to augment multilayered closures and vascular-
ized tissue coverage in posterior fossa defects and minimize post-operative CSF 
leaks. Placement of a lumbar drain creates a low-resistance avenue of egress for 
CSF thus potentially reducing the pressure on the skull base reconstruction. Wang 
et al. performed a meta-analysis of 7 studies with 1131 cases of endoscopic skull 
base surgery—the average odds ratio or post-operative leak for patients with a lum-
bar drain compared to those without was 1.14 (95% CI 0.7954–1.6496) suggesting 
an equivocal effect [2]. Of note, the studies that were used for the meta-analysis 
often did not provide pathology- or subsite-specific leak rates with and without 
lumbar drain placement. Zwagerman et al. performed a prospective randomized- 
controlled clinical trial of lumbar drain placement in patients who developed an 
intraoperative high-flow CSF leak [1]. Eighty-five patients were randomized to 
receive a lumbar drain, and 85 patients were randomized to no drain. The trial was 
ended early due to a clear benefit of lumbar drain placement on interim analysis—
CSF leak rate in patients without a lumbar drain was 21.2% compared to 8.2% in 
the experimental group. Fifty patients in the study had posterior fossa pathology—
among these patients, the leak rate for those with a drain was 12.5% compared to 
30.8% without a drain. Based on these data, the authors advocate for lumbar drain 
placement in transclival or craniocervical junction surgery that results in a high-flow 
CSF leak or a large dural defect (>1 cm2). Surgery that does not result in an intraop-
erative CSF leak or a dural defect does not require lumbar drain placement.
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 Conclusions

Endoscopic reconstruction of clival and craniocervical junction defects poses 
unique challenges to the skull base surgery team. The clival recess, the proximity of 
the prepontine cistern and potential for high-flow CSF leaks, the proximity of key 
neurovascular structures, the orientation of clival and craniocervical defects, and the 
types of the pathologies seen in these regions all require careful consideration dur-
ing the reconstructive process. For defects in this area that result in a CSF leak, 
vascularized, multilayered closure provides superior results; the use of abdominal 
fat grafts also helps reduce the rates of pontine herniation for clival reconstruction. 
Additionally, fat can fill the clival recess, flatten the defect, and decrease the cover-
age area of vascularized mucosal flap. When possible, nasopharyngeal mucosa 
should be preserved to create a rhinopharyngeal flap for closure of nasopharyngeal 
and craniocervical junction defects. Finally, while the nasoseptal flap is a versatile 
flap that is a key component of clival, craniocervical, and posterior fossa reconstruc-
tion, the cranial base team must be prepared to utilize secondary vascular flaps in 
the salvage setting or when the nasoseptal flap is not available.
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Chapter 24
Management of Cerebrospinal Fluid Leaks 
During Otologic Surgery

Matthew A. Shew, David Lee, and James Lin

 Introduction

Cerebrospinal fluid (CSF) leaks are rare and sometimes unavoidable in otologic and 
lateral skull base surgery. While there are multiple etiologies for CSF leaks, they all 
originate from an abnormal communication between the subarachnoid space and 
the air-containing spaces of the temporal bone. CSF leaks clinically present from 
three primary anatomic barriers: the tympanic membrane (CSF otorrhea), the eusta-
chian tube (CSF rhinorrhea), and/or violated skin (incisional or traumatic). 
Ultimately, CSF fluid will percolate through the aerated temporal bone in the mid-
dle ear and present through any of these communication pathways. It is imperative 
to understand that CSF leaks can occur in any otologic surgery from a routine stapes 
operation to large complex lateral skull base operations. CSF leaks in otologic sur-
gery can be classified as congenital and acquired, with acquired CSF leaks being far 
more common. There is no consensus on the exact incidence of acquired temporal 
bone CSF fistula. However acquired CSF leaks have been estimated to be present in 
about 17% of temporal bone fractures [1], 1% of all revision chronic ear surgeries 
[2], and 10–20% following vestibular schwannoma surgery [3]. Congenital CSF 
leaks, while less common, may also present from different congenital cochlear or 
peri-labyrinthine anomalies. Although some CSF leaks remain indolent for many 
years, unrepaired fistulas may lead to highly morbid complications like meningitis 
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or brain abscess. Thorough preoperative planning, anticipation, prompt recognition, 
a comprehensive understanding of temporal bone anatomy, and an arsenal of tech-
niques for the management of CSF fistulas are critical for a surgeon to best take care 
of patients within an otology and neurotology practice.

 Preoperative Considerations

 Role of Imaging and Avoidance

The simplest method for managing CSF leaks is early preoperative recognition and 
avoidance. Judicious use of imaging, either computed tomography (CT) scan or 
magnetic resonance imaging (MRI) of the temporal bones, is often performed prior 
to otologic surgery for surgical planning. CT is often best to delineate the bony 
anatomy and identify temporal bone air cell tracks that may provide routes for CSF 
leaks. MRI can help provide additional information on meningoceles as well as 
identify T2 hyperintense fluid within the temporal bone or middle ear. MRI can also 
be helpful in identifying alternative signs for patients that are at increased risk for 
CSF fistula, such as patients with an empty sella or compressed optic nerve sugges-
tive of uncontrolled intracranial hypertension [4].

In cochlear implantation, at least one if not both modalities is often chosen to aid 
in the detection of a patent cochlear duct, cochlear malformation, cochlear patency, 
and the presence of a cochlear nerve. The latter is only demonstrable with high- 
resolution MRI.  These imaging modalities for the early recognition of potential 
CSF fistulas are particularly prudent in patients with any type of suspected congeni-
tal hearing loss. Because of risk of radiation exposure, the CT scan may be poten-
tially omitted in the pediatric population [5], in cases of postlingually deafened 
adults when cochlear nerve deficiency is not suspected, and in symmetric hearing 
losses with normal examination [6]. When one or both of these imaging modalities 
are obtained preoperatively, the cochlea must be carefully evaluated for malforma-
tions that may predispose to CSF leak upon fenestration prior to electrode array 
insertion. With early recognition and careful planning, the surgeon may take steps 
as delineated below to deal with the leak intraoperatively and, equally as important, 
counsel the patient or caregiver preoperatively and postoperatively the potential for 
postoperative CSF rhinorrhea or wound collection/leak.

In patients with conductive hearing loss and possible otosclerosis, the role of 
imaging is less defined prior to exploring the middle ear and performing ossicular 
chain reconstruction or stapedectomy. Some clinicians advocate for preoperative 
imaging, but many will argue there is no role for routine imaging provided that the 
hearing loss is clearly acquired without history of head trauma or chronic ear dis-
ease and that the audiogram demonstrates absent acoustic reflexes on the ear in 
question. The feared complication following stapedotomy or stapedectomy is a CSF 
gusher [7]. Occasionally, a dilated IAC or vestibule on CT may suggest possible 
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CSF gusher [8]. However, studies have shown that preoperative CT fails to accu-
rately predict perilymph gusher following stapes footplate fenestration [7, 9]. 
Therefore CT should be not be heavily relied upon for preoperative diagnosis of 
CSF gusher. In patients with chronic inflammatory ear disease, this author performs 
preoperative CT scanning in patients with evidence of cholesteatoma, revision mas-
toid surgery, or suspicion for CSF leak preoperatively. Imaging is usually deferred 
in individuals with dry or clearly infectious draining perforations, regardless of size 
and location.

 Perioperative Discussion

Given the potential risk of CSF leak and its intracranial sequelae, it should be dis-
cussed with all patients undergoing mastoidectomy for chronic ear disease, skull 
base procedure, or cochlear implantation. This should be emphasized in revision 
surgeries as scarring, residual or recidivistic disease, and effaced landmarks all pose 
additional challenges to the surgeon, placing the patient at a greater risk of compli-
cations. When attempting a surgery with imaging findings of inner ear malforma-
tion, encephalocele, or dural exposure, those findings should be discussed 
preoperatively with the patient as it prepares him or her for postoperative precau-
tions should a CSF leak occur. Additionally, if a CSF leak is encountered in surgery 
and repaired, the location and method of repair should be documented in the opera-
tive report and discussed with the patient. The better the patient understands what 
was performed may play a role in weighing the benefit versus risk of any future 
procedures on the ear. Secondly, individuals who may be at a higher risk of develop-
ing meningitis should strongly be encouraged to receive pneumococcal vaccination 
prior to surgery.

 Operative Repair of Congenital and Acquired CSF Leak

 General Considerations

When managing a CSF leak during an otologic procedure, one must consider the 
patient’s comorbidities, hearing status of both ears, location and size/rate of the 
leak, and infectious state of the ear undergoing surgery (Figs.  24.1 and 24.2). 
Location plays an import role when considering options to repair a CSF leak and 
the surrounding anatomy and potential sequelae. For example, a CSF leak sur-
rounding the inner ear cannot undergo vigorous packing in a patient with normal 
acoustic hearing without significant risk. Similarly, a CSF leak repair surrounding 
the epitympanum and ossicles may result in significant dampening of the ossicu-
lar chain and result in a large conductive hearing loss. On the other hand, in a CSF 
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Fig. 24.1 Flow chart of CSF leak repair guiding principles

a b

Fig. 24.2 Common locations of CSF leaks, routes of egress, and common approaches. Coronal (a) 
and axial (b) illustrations of skull base defects from the mastoid tegmen to the petrous apex. These 
are typically repaired through either a transmastoid approach for small defects, and middle cranial 
fossa or combined approaches for large defects. CSF percolates through the aerated temporal bone, 
eventually draining through the eustachian tube or into the ear canal in the presence of a tympanic 
membrane perforation

leak within the mastoid, packing may be more vigorous with less risk to the 
acoustic auditory apparatus. In leaks that occur from the inner ear, the more severe 
the existing hearing loss, the more aggressive one may be in packing the leak and 
other potential routes of CSF egress. The more tenuous the repair of the leak, the 
more consideration should be made to CSF diversion postoperatively. Secondly, 
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the infectious state of the inner ear intraoperatively plays a significant role in 
management. In patients with obvious and substantial infections, surgeons should 
strongly consider not only a longer and directed antibiotic therapy but also the use 
of vascularized tissue for the repair. However, vascularized tissue may not always 
be available to conform to the dural or bony defect, in which case autologous free 
tissue should also be considered as an alternative option. Finally, allograft or syn-
thetic material should be used as the last resort in an inflamed mastoid or 
middle ear.

 Avoidance and Detection of Intraoperative CSF Leaks

The dura can be exposed in any procedure that involves a mastoidectomy. Limited 
dura exposure alone can be common and, given its robust support, often does not 
require treatment. However, direct dural injury resulting in CSF leak is a complica-
tion that is infrequent but should be promptly recognized and treated accordingly. 
The use of the drill is intuitively the most common cause of iatrogenic CSF leak. 
Other inciting factors include overuse of cautery, sharp instrumentation, or curettes. 
Cutting burs are more dangerous than their diamond bur counterparts, and although 
somewhat counterintuitive, smaller burs are more dangerous than larger burs 
because of their smaller contact surface. During chronic ear surgery mastoidectomy, 
dural injury and CSF leak can occur along the middle fossa plate and less com-
monly along the posterior fossa dura. One must also be cognizant of iatrogenic fis-
tula during performance of a canalplasty in a very contracted ear with a low-lying 
tegmen above the ear canal. Similarly, extremely obese patients with uncontrolled 
intracranial hypertension can be at risk of brain herniation and obliteration of the 
mastoid cavity. This places them at risk of dural injury when elevating the muco-
periosteal flap to expose the underlying mastoid bone for any type of otologic pro-
cedure (Fig.  24.1). Patients are at risk for CSF leak during endolymphatic sac 
surgery because exposure of the endolymphatic sac necessiates exposure of the pos-
terior fossa. Patient who undergo endolymphatic shunt require an incision in the 
posterior fossa dura fold, utlimately putting them at an even higher risk for a 
CSF leak.

Although the technique of mastoidectomy is too elementary for this chapter, key 
principles and techniques to any otologic drilling should be emphasized. It behooves 
the surgeon to drill from lateral to medial using a wide exposure, parallel to key 
structures, and one layer at a time. This emphasizes the early identification of key 
anatomical structures including the tegmen superiorly, external auditory canal ante-
riorly, and sigmoid sinus posteriorly. These principles are even more critical when 
operating on a chronic and/or retracted ear to help avoid trauma to the temporal lobe 
or posterior fossa. Particularly in a chronically inflamed mastoid, there is bleeding 
that interferes with good visualization of the tegmen; switching to a diamond bur 
will aid in drying up bleeding sources, presumably by packing bone dust into the 
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offending vascular channels along the tegmen. Furthermore, larger diamond burs 
are less traumatic to underlying dura should the tegmen be violated. At some point 
after the mastoidectomy and all drilling is complete, this author visually inspects the 
middle and posterior fossa bony plates to make sure they are intact. Palpation with 
a blunt instrument will aid in differentiating an inflamed air cell from exposed dura. 
Simply exposed dura will usually not develop into a problem, but if there is a leak 
or the dura is at all compromised, then encephalocele, meningoencephalocele, or 
CSF leak is at risk of developing in the future [10, 11]. Secondly, some leaks may 
not be obvious, particularly in the setting of inflamed mucosa; therefore, careful 
inspection at the conclusion of any otologic procedure is prudent. This may include 
a Valsalva by the anesthesiologist to increase intrathoracic pressure, decrease intra-
cranial venous outflow, and increase intracranial pressure to elicit leaking if present. 
Typically, CSF leaks that occur along the tegmen typically have the benefit of tem-
poral lobe expansion intracranially, which aids in blocking the route of CSF egress 
into the mastoidectomy cavity after repair. On the other hand, the cerebellum is 
unlikely to expand in such fashion to aid in posterior fossa defects. It is important to 
identify if dura exposure or disruption occurs during mastoidectomy as persistent 
CSF leak may lead to meningitis or the development of encephalocele may lead to 
pain, seizures, or even cosmetic deformity [11] (picture of postoperative 
encephalocele).

 Management of Intraoperative CSF Leak

 Soft Tissue Work

Managing a mastoidectomy CSF leak starts with thoughtful perioperative planning. 
The first step in any otologic surgery that is either in preparation to repair a CSF leak 
or precautionary for the potential sequelae of an iatrogenic CSF leak includes 
methodical skin and soft tissue incisions. The steps of making a postauricular inci-
sion are relatively straightforward, but one must adhere to good routine soft tissue 
technique. Staggering the incision through layers and creating a large anteriorly 
based musculoperiosteal flap not only aids in obliterating a potential canal wall 
down defect, but it also provides a potential soft tissue flap to plug low posterior 
fossa CSF leaks that may occur during surgery. If not used for mastoid obliteration 
or CSF leak plugging, the careful approximation of staggered layers decreases the 
likelihood of CSF egress through the wound. One should be mindful to minimize 
cautery-induced shrinkage of the soft tissue flaps when opening an ear as well. In 
primary cases of chronic ear surgery, temporalis fascia should be readily available 
for harvest and would be harvested in advance for tympanic membrane defects. In 
revision cases where temporalis fascia may not be readily available from prior use, 
scar tissue can be harvested between the cutaneous and mucoperiosteal layers. A 
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a b

c d
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fascia

Bone
cement

Ear canal

Fig. 24.3 Coronal view of a temporal bone CT (a) demonstrating a lateral 1 mm mastoid tegmen 
dehiscence (*) with CSF accumulating in the mastoid air cells (arrow). Given the defect’s pinpoint 
size and lateral position, a transmastoid approach was taken. The defect and compromised dura are 
outlined at the tip of the instrument (b). The defect was repaired in multiple layers, including 
“dumbelled” temporalis fascia plugging the defect and overlaying bone substitute (c). It is impor-
tant to “dumbell” the fascia into the dehiscence to create a water-tight seal (d; representative 
illustration)

second option for a reconstructive graft is periosteum, which can be readily har-
vested immediately below the temporalis muscle.

 Repair of Small Defects

A small bony and dural defect may simply be patched with a free temporalis muscle 
plug that is placed in such fashion to “dumbbell” on the inside and just outside the 
dura (Fig. 24.3). This method works well for both middle and posterior fossa dura 
defects. This technique may be used alone for the small defect or performed 
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concomitantly with resurfacing techniques for larger defects or in the setting of 
poor- quality or exposed dura surfaces. A second technique for repair of small 
defects includes a small inlay technique. If a dural tear and leak are identified, many 
will advocate for removing surrounding 5 mm of bone not only to aid in inspection 
of the brain and dura but also to facilitate an inlay repair [12]. With exposed normal 
dura, often resurfacing techniques can be accomplished either through the bony 
defect or around the bony defect and rely on a layer of soft tissue, which may be free 
or pedicled. Typically, the authors prefer an inlay technique, where soft tissue or 
cartilage is placed between the bony defect and dura. This method does require 
elevating dura intracranially circumferentially around the edges of the bony defect 
using angled blunt instruments; however, it often ensures a more secured repair. 
Sometimes careful bipolar cautery of a pinpoint leak leads to its cessation; however, 
the compromised dura benefits from resurfacing of the exposed area through the 
defect intracranially. Furthermore, careful use of bipolar can aid in contracting the 
dura to facilitate an easier repair. This technique of addressing the pathology directly 
is often advocated by many surgeons for transmastoid CSF leak repair and applies 
many of the same principles [13–15]. In addition to fascia or other soft tissue, some 
surgeons will advocate for the use of autologous bone, cartilage, and many different 
forms of tissue sealant.

 Repair of Large or Multiple Defects

A second and more robust approach to repairing CSF leaks is through a separate 
craniotomy and resurfacing the defect typically from a top-down approach or from 
afar (Fig. 24.4). There is no standard rule regarding the size of defect that should be 
repaired via separate craniotomy; this depends on the experience and comfort level 
of the surgeon. By its nature, this technique requires more soft tissue dissection and 
more aggressive dura, cerebral, or cerebellar retraction but enables a more compre-
hensive repair. However, the largest benefit of this approach is that it allows visual-
ization and resurfacing of large and/or multiple cranial defects. Although using a 
separate craniotomy for repair of CSF leaks remains a topic of debate, the main 
advantages of this approach are its ability to address multiple cranial defects at once 
and repair a dehiscent tegmen tympani without sacrificing the ossicular heads, 
which would have otherwise required removal to access the defect with a mastoid 
approach [16, 17]. Using a separate craniotomy is typically reserved for CSF leaks 
arising from the tegmen and middle fossa. Repair of posterior fossa CSF leaks theo-
retically may be performed through this approach; however, it requires exposure 
and significant compression of the sigmoid sinus, potentially occluding its blood 
flow and leading to thrombosis and is not recommended.

If a surgeon encounters an unexpected temporal CSF leak during a mastoidec-
tomy and considers a temporal craniotomy to repair the defect, the patient’s age, 
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Fig. 24.4 Coronal views of a temporal bone CT (a) and T2 MRI (b) demonstrating a 10 mm mas-
toid tegmen dehiscence (*) lateral to the superior semicircular canal (arrow). A middle cranial 
fossa approach was performed because of the size and location of the defect. A transmastoid 
approach for repair was limited by a sclerotic mastoid and anteriorly positioned sigmoid sinus (not 
shown). Arrowheads indicate a T2 hyperintense encephalocele protruding through the tegmen 
defect before electrocautery (c) and after removal with handheld instruments (d). There was no 
involvement of the ossicular chain. The defect was repaired in multiple layers, including tempora-
lis fascia, bone graft from the craniotomy flap, surgical cellulose, and fibrin sealant (e)
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comorbidities, quality of the dura, and side of the temporal lobe requiring retraction 
should be considered before proceeding with a separate craniotomy. In general, 
older patients tend to have weaker and more adherent dura as well as worse toler-
ance of temporal lobe retraction. Creating a separate craniotomy risks further injury 
to the dura and temporal lobe that may compound patient morbidity. In most 
patients, the left temporal lobe is dominant for articulation of speech; prolonged 
retraction or trauma to the left temporal lobe increases the potential of postoperative 
aphasia.

 Middle Fossa Craniotomy for Repair of Tegmen Defects

The standard middle fossa craniotomy for tumor removal is often larger in size 
(typically no smaller than 5 cm), allowing wide dural elevation to access medial and 
anterior based pathology along the petrous apex. Fortunately, defects in the tym-
panic and mastoid tegmen are usually lateral and posterior, enabling for a smaller 
craniotomy for access to the affected middle fossa floor [18, 19]. When using this 
approach, soft tissue incisions between the skin and temporalis muscle should once 
again be staggered, and they can often be connected and extended off the mastoid 
periosteum incisions. The temporalis muscle should be incised posteriorly as to 
pedicle it anterior and inferior, preserving its superficial and deep temporal artery 
vascular blood supply. Cautery along the undersurface of the temporalis should be 
kept to a minimum to optimize its viability in case it is chosen as a pedicled flap to 
line the middle fossa floor. The bone flap should typically sit 1/3 posterior and 2/3 
anterior to the visible tegmen defect. Given that these defects are easier to access 
with a middle fossa approach, the bone flap height and width can be limited, par-
ticularly for lateral tegmen defects. A bone flap is created using the otologic drill or 
by creation of bur holes and a craniotome. Under microscopy, the temporal lobe is 
elevated to expose at least a 1.5 cm circumference around the bony and dural defect. 
In the case of spontaneous CSF leaks, it is best to maximize exposure of the entire 
middle fossa floor. This exposure includes from the superior petrosal sinus to 
Meckel’s cave anteriorly and as medial as possible being (at least one centimeter 
beyond the arcuate eminence). The method of repair varies between different 
authors and even within institutions, but a multilayered approach is often favored in 
reconstruction of spontaneous leaks (Fig. 24.4) [17, 20, 21]. Repair may be extradu-
ral or intradural, with increased risk of temporal lobe trauma in the latter. The extra-
dural repairs demonstrate high rates of success and are often preferred [22]. 
Materials described in multilayer repairs include cartilage, fascia, temporoparietal 
fascia, pedicled temporalis muscle, bone flap, dural substitute, bone pate, and 
hydroxyapatite cement. At our institutions, we favor the use of a multilayered 
approach with fascia, dural substitute, and bone flap with a high success rate for 
spontaneous middle fossa temporal bone encephaloceles with or without cerebro-
spinal fluid leaks. All exposed temporal lobe is relined with dural substitute and 
extended over the exposed lateral temporal lobe dura. If the dura is of poor quality, 
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then dural substitute is used to cover the entire area under the bone flap with edges 
tucked underneath the craniotomy. The bone flap is subsequently replaced and 
secured with miniplates and screws with or without use of injectable bone substitute.

 Repair of Mastoid Defects

Mastoid CSF leaks can be repaired either through the mastoid (transmastoid) or 
through a separate craniotomy for tegmen defects. Mastoid CSF leak repairs can 
often be reinforced through the mastoid side by obliterating the mastoid itself. If the 
leak is arising from the posterior fossa, they can often be repaired through mastoid 
obliteration as the mastoid posterior fossa sites are typically distant from the hear-
ing apparatus. Typical materials for mastoid obliteration include autologous fat, 
collected bone pate, and/or injectable bony substitute. Using autologous fat is an 
attractive option for plugging the mastoid because it is easy to harvest, molds and 
plugs into temporal bone air cells, and results in a scarring type of mechanism in its 
repair. Cranioplasty mesh can be used to place the fat under pressure to prevent CSF 
percolating through the defect and the fat. However, it is critical that one takes hear-
ing status into consideration, particularly if there is concern that the autologous fat 
graft may herniate on to the ossicles and potentially cause a conductive hearing loss. 
In such cases, one may use a cranioplasty mesh to bolster the graft and hold it in 
place to prevent untoward migration on to middle ear structures. Other strategies to 
help mitigate fat herniation include placing Gelfilm (for fat) or Gelfoam (bone pate 
or bony substitute) along the mastoid antrum over the ossicles to prevent herniation 
onto the ossicles. Furthermore, it is important to consider the infectious state of the 
temporal bone, as adding an autologous fat graft into an infected field can lead to 
persistent infection down the line. In a very well pneumatized mastoid, obliterating 
exposed air cells with bone wax is a reasonable consideration.

In most cases, the material used for CSF leak repair is a matter of preference, and 
the more important considerations are determining the extent of the defect(s) and 
achieving a multilayered repair. However, as aforementioned, chronically inflamed 
and infected mastoids are unique because their pro-inflammatory environments 
require more durable and robust materials used in repairs. Utilizing avascular autol-
ogous or allogeneic material in these situations may lead to irreversible contamina-
tion of the graft material, potentially threatening the integrity of the repair and 
exacerbating the inciting insult. Therefore, vascularized tissue is preferred for 
reconstruction in chronically inflamed and infected mastoids because their blood 
supply offers substantially more support than their avascular or synthetic counter-
parts. However, vascularized tissue is not always available. In such circumstances, 
it is important for surgeons to weigh the benefits and risks of implanting autologous 
or allogeneic material in an infected mastoid cavity after copious antibiotic irriga-
tion versus none at all. It is the authors’ opinion that it is more important to maxi-
mize control of the leak with an autologous graft during the surgery and maintain 
systemic antibiotics in the postoperative period.
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 The Canal Wall Down Mastoid Cavity

A CSF leak in a canal wall down cavity is a challenging and unique situation. The 
mastoid cavity is intentionally created for the purpose of communication with the 
outside to minimize trapped keratinizing squamous epithelium. The safest and most 
conservative measure to repair a CSF leak in a canal wall down cavity is to close off 
the ear canal, obliterate the mastoid cavity and middle ear, and plug the eustachian 
tube (see section “Eustachian Tube Obliteration and Ear Canal Closure”). However, 
the drawback to this technique is the consequences to hearing. When obliterating a 
cavity, one must make every effort to remove keratinizing squamous epithelium as 
failure to do so will lead to trapped cholesteatoma in a closed space and is a serious 
risk that should be discussed with patients undergoing this procedure. With this risk, 
Oghalai describes a layered procedure to repair tegmen defects without necessitat-
ing ear canal closure using a bone graft, pedicled temporalis flap, and fascial dural 
repair [23]. Oghalai and colleagues use a pedicled temporalis flap and tuck it through 
a middle fossa craniotomy so that it sits between the bony defect and the dura. 
Variations of this technique may be used to repair smaller defects in a mastoid cav-
ity along the tegmen. A temporalis muscle flap or Palva flap may also be used to 
repair CSF leaks by plugging the leak from the mastoid side and resurfacing the 
exposed dura with the vascular flap. Given the decreased ability to pack the leak site 
with vigor, a lumbar drain may also be placed postoperatively for 3–5 days to take 
pressure off the repair site.

 Eustachian Tube Obliteration and Ear Canal Closure

The most conservative and longstanding method to repair a temporal bone CSF leak 
is through closure of the ear canal and obliteration of the eustachian tube. This 
approach is typically performed in patients with poor hearing and/or the leak per-
sists after several attempts to control it through various other methods. The advan-
tage of this procedure is that it obviates the need to perform a craniotomy for control 
of the leak. Secondly, one can directly visualize and pack the mastoid cavity and 
eustachian tube thoroughly. The disadvantage of this approach, however, is that by 
closing off the ear and obliterating the cavity, the end result is a maximal conductive 
hearing loss. The second disadvantage of this approach is the potential and risk of 
iatrogenic cholesteatoma further down the line.

A postauricular incision is typically performed in staggered layers. An anteriorly 
based Palva flap is elevated to expose the posterior ear canal. Attention is first turned 
to closing off the ear canal. This can be done in a variety of techniques, but the pre-
ferred method of the authors is the modified Rambo meatoplasty [24, 25]. Briefly, 
in the canal an incision is made along the anterior aspect of the ear canal skin to 
raise an anteriorly based tragal skin flap followed by removal of the underlying 
tragal cartilage. The tragal skin flap is laid along the concha bowl to approximate the 
closure, and the posterior concha bowl skin is marked out and excised or alterna-
tively lateralized to form a second layer of closure supporting the skin closure. The 
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remainder of the circumferential ear canal skin is elevated from a lateral to medial 
direction along the previous incision sites, where it can be later removed along with 
the tympanic membrane. The tragal skin flap is then sutured to the free edge of the 
conchal bowl skin using an interrupted vertical mattress to ensure full eversion and 
minimize the risk of any iatrogenic cholesteatoma.

Next, the ear canal is entered from the postauricular incision, and the remainder 
of the medial ear canal skin is removed. If there is a functional inner ear, the tym-
panic membrane is lifted posteriorly, the incudostapedial joint is sharply cut, and the 
incus is removed. The medial ear canal skin and tympanic membrane may be 
removed en bloc or piecemeal. Using various size diamond burs, a wide canalplasty 
is performed along every surface of the bony ear canal, with emphasis on the ante-
rior and medial bony annulus, just lateral to the eustachian tube opening. A wide 
and complete canaloplasty helps ensure all keratinizing epithelium is removed from 
the bony ear canal. Once complete, it is important to carefully inspect all routes of 
CSF egress within the middle ear and eustachian tube and meticulously pack them. 
Routes for CSF egress include, but are not limited to, the mastoid antrum, facial 
recess posteriorly, and/or hypotympanic air cells. Packing and/or plugging can be 
accomplished with bone wax, fat, bone substitute, or other material to ensure a 
watertight seal. A wide canalplasty and removal of the posterior ear canal will allow 
a near direct view down the lumen of the eustachian tube. The eustachian tube oblit-
eration is usually performed with two or more materials, including soft tissue, mus-
cle, surgical cellulose, the incus, bone wax, or other bone substitute. When packing 
the eustachian tube, one must be cognizant of any type of pulsations that may indi-
cate a dehiscent carotid, as vigorous packing may lead to potential catastrophic 
cerebrovascular event.

When closing off the ear in a canal wall down cavity, removal of the skin within 
the cavity can be difficult and poses a higher risk of iatrogenic cholesteatoma. It is 
the authors’ experience that this is best accomplished when removing the skin en 
bloc and maximizing the use of diamond burs to polish off any skin-lined bony 
surfaces. Following complete skin removal, eustachian tube obliteration, and ear 
canal closure, one can turn their attention to the CSF leak pathology using the 
above-described methods. The advantage of the ear canal closure prior to repairing 
a CSF leak is that the mastoid and middle ear can be packed and further reinforce 
the repair. This can be accomplished with either a free fat graft for a relatively clean 
cavity or pedicled flap if it is infected or inflamed. Furthermore, a cranioplasty plate 
may also aid in securing the tissue of a mastoid obliteration more firmly into place. 
The postauricular incision is then closed in multiple layers in a watertight fashion.

 Cerebrospinal Fluid Leaks from the Inner Ear

CSF leak from the inner ear classically originates from the round window or oval 
window, typically during stapes procedures or cochlear implantation. As discussed 
above, preoperative imaging can sometimes help anticipate potential CSF leaks, but 
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they are not always 100% sensitive. Therefore, surgeons should be adequately 
trained and prepared to deal with inner ear CSF leaks should they occur. Preoperative 
imaging can typically help identify potential CSF leaks upon opening up the inner 
ear by identifying congenital abnormalities, inner ear abnormalities, and/or other 
aberrant connections between the subarachnoid and perilymphatic spaces [7–9, 26, 
27]. Typical CT findings that may indicate an aberrant connection between the sub-
arachnoid space and perilymph include a dilated IAC, enlarged vestibular aqueduct, 
and/or a large cochlear aqueduct.

When a potential CSF gusher or CSF leak is anticipated, certain steps preopera-
tively, intraoperatively, and postoperatively are critical. Preoperatively, it is vital 
that the surgeon carefully counsels the patient on potential sensorineural hearing 
loss (with a stapes gusher), postoperative CSF leak, meningitis, and possible need 
for a lumbar drain. Intraoperatively, it is important that the surgeon is adequately 
prepared to deal with the CSF leak prior to opening the inner ear. This includes a 
wide exposure to maximize the view of the anatomy, easy access to the eustachian 
tube for potential packing, and contingency plans to harvest temporalis muscle or 
other material to seal off the inner ear opening.

If a CSF leak is encountered upon opening up the inner ear, it is important to 
raise the head of the bed. When a CSF leak is encountered during cochlear implan-
tation, the electrode is inserted. Then, muscle or fascia is used to pack circumferen-
tially around the electrode array using a small pick, allowing some tissue to 
“dumbbell” across the cochleostomy for a watertight seal. Systematic and careful 
packing around the electrode is important for repairing the CSF leak without dis-
placing the electrode, and one should not hesitate to restart packing should a small 
leak persist. Others have advocated for cutting a piece of muscle or fascia ring 
around the electrode prior to insertion, which can then carefully be advanced to seal 
off the leak following insertion [28]. Further consideration can be given to addi-
tional tissue sealant with muscle or fascia or surgical cellulose around the packing 
site. In certain CI CSF leak cases, further consideration can be given to packing the 
eustachian tube. A Valsalva to 20–40 cmH2O pressure will help reassure the surgeon 
that the packing around the electrode array or stapes prosthesis is solid.

CSF leaks that occur during stapedectomy are rare and occur less than 1% of the 
time and may be a result of a fundal defect or large cochlear aqueduct with the for-
mer leading to more profuse CSF leakage or a “gusher” [26, 29]. Regardless of 
whether the operator performs stapedotomy, partial stapedectomy, or total stapedec-
tomy, if a CSF gusher is suspected, then surgeons should start with a small fenestra 
that can be easily packed with fascia or perichondrium. A “gusher” is detectable 
once fenestration occurs, and a profuse leak may be packed, with or without a pros-
thetic placed [29]. The head should be elevated, and excess fluid should be carefully 
suctioned out because the defect is difficult to pack while actively leaking. It is criti-
cal to avoid over-suctioning fluid because this may increase the risk of flow trauma 
and larger sensorineural hearing loss. Secondly, it is critical to avoid over- suctioning 
CSF prior to elevating the head of the bed, as this may lead to an air embolus within 
the inner ear in a CSF-depleted patient. Similar to a cochlear implant gusher, pack-
ing is best accomplished with either circumferential packing around the new stapes 
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prosthesis and/or laying fascia over the opening [29]. In both cases, the prosthesis is 
often helpful in securing the packing over the oval window. A Valsalva is helpful to 
determine success of the closure after the patient is laid flat once again. Despite a 
relatively higher incidence of sensorineural hearing loss when a gusher is encoun-
tered, hearing loss is not a foregone conclusion, and natural anatomy should be left 
as intact as possible. It follows that eustachian tube packing, ear canal closure, and 
further removal of ossicles should not be attempted at the time of initial surgery, but 
reserved for failure of initial CSF leak repair.

 Middle Ear CSF Leaks

The middle ear can also be a rare site for CSF leaks to occur. CSF egress in such 
circumstances arise from either air cell dehiscence connecting different CSF spaces 
to the middle ear or congenital bony defects like Hyrtl’s fissure or the fallopian 
canal [30, 31]. When the etiology of CSF egress is arising from the tegmen tympani, 
repair can be approached in two techniques. First, it can be repaired using a tradi-
tional middle fossa craniotomy, which often maximizes the visualization of the 
defect from a top-down approach. A second option can be performed through a 
transmastoid approach; however, this often necessitates removal of the ossicular 
head (incus ± malleus head) to maximize the view and quality of repair. The surgeon 
must be cognizant of the ear’s hearing status. In these cases, the leak cannot be 
packed vigorously because of the acoustic apparatus, and selective, gentle packing 
into the defects can be performed to avoid trauma to the inner ear, facial nerve, and 
the middle ear vibratory components. CSF diversion should also be considered to 
take pressure off the repair.

 Postoperative Considerations

Postoperatively, the patient should, at a minimum, be placed on CSF leak precau-
tions. These include head-of-bed elevation, stool softeners, open-mouth sneezing, 
and sometimes bed rest. In cases with a high flow or if the integrity of the repair is 
at all questionable, then one may also consider serial lumbar punctures or placing a 
lumbar drain for 3–5 days to divert CSF. CSF leaks in the canal wall down mastoid 
cavity have decreased ability to pack the leak site with vigor, so a lumbar drain 
requires particular consideration in these rare cases. For cases involving a craniot-
omy, most patients should be observed in the neurologic ICU to monitor for acute 
neurologic changes related to surgery (stroke, hemorrhage, cerebral edema, and 
hydrocephalus). A standard course would include neurological checks every hour 
for the first 24 h, followed by every 2–4 h until the patient is well enough for transfer 
out of the ICU.  In the setting of infection, postoperative systemic antibiotics are 
critical, especially if grafting material was placed to repair the CSF leak. Lastly, 
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patients should be educated on postoperative signs of CSF leak and meningitis, 
including clear otorrhea, salty or metallic taste, high fever, symptoms of meningitis, 
and changes in mentation. Patients should follow up with the operating surgeon at 1 
week, 1 month, and every 6 months as needed thereafter.
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Chapter 25
General Repair Principles Following 
Posterior Cranial Base Surgery

Mehdi Abouzari, Karen Tawk, Dae Bo Shim, Harrison W. Lin, 
and Hamid R. Djalilian

 Introduction

Since the 1960s, collaborations between neurotologists and neurosurgeons have led 
to less invasive techniques, improved results, and reduced complications in skull 
base surgery. The ultimate goal of posterior skull base surgery for tumors is safe 
tumor extirpation with minimal complications. The three conventional approaches—
middle fossa, retrosigmoid, and translabyrinthine for vestibular schwannoma resec-
tion—have cerebrospinal fluid (CSF) leakage as one of the most common and 
reducible complications. CSF leakage is due to a communication between the intra-
dural space, containing the CSF, with the middle ear, the mastoid, and/or the 
Eustachian tube. CSF leaks usually present with rhinorrhea, otorrhea, subcutaneous 
collection, and incisional leak [1]. CSF rhinorrhea results from a leak of the CSF 
from the dural incision, into the tympanomastoid space, and through the Eustachian 
tube to the nasopharynx [2]. Rarely, CSF leakage can present as a chronic dry 
cough, which occurs as CSF drains into the hypopharynx resulting in irritation and 
a cough reflex. The otorrhea is explained by either a perforation of the tympanic 
membrane or a laceration in the external auditory canal skin [3]. Therefore, meticu-
lous repair following skull base surgery is crucial to diminish surgical 
complications.
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CSF leak prevention is an issue that the surgeon needs to consider in all steps of 
the surgery. Preoperative assessment of the temporal bone anatomy and air cell 
tracts is critical in knowing where air cells may be encountered and which cells need 
to be sealed at the end of surgery. Starting with the incision, we avoid excessive 
monopolar cautery to reduce tissue destruction and to optimize rapid healing. 
Meticulous preservation of the dura in some approaches (e.g., retrosigmoid) by 
keeping the dura moist and flipped under the dural incision prevents desiccation and 
shrinkage/destruction by the drill. The critical areas to address at closure are mas-
toid air cells, petrous apex air cells, openings into the middle ear, air cells around the 
internal auditory canal, lacerations of the canal skin, dural closure, incisional clo-
sure, and dressing. Lumbar drain will be discussed in a separate chapter. Generally, 
a single layer of closure is never deemed sufficient to prevent CSF leakage, and the 
general principle of “belts and suspenders,” i.e., using multiple methods for tam-
ponading the CSF, is critical. In general, if CSF leaks into the mastoid but does not 
communicate with the middle ear or if CSF leaks through the dural closure but does 
not get into the air cells or come out of the wound, the leak has no way to “flow” out 
and thus will be self-controlled. A non-flowing leak may not require treatment.

 Closure After Middle Cranial Fossa Approach

Once the tumor is removed from the internal auditory canal (IAC) or the middle 
fossa floor (e.g., facial nerve tumor or epidermoid) and hemostasis is achieved, air 
cells surrounding the IAC and other petrous apex cells need to be meticulously 
closed using bone wax. This is best accomplished using bone wax that is pressed 
into the cell using small cottonoids or cotton balls. The second layer of closure is 
accomplished with pieces of the temporalis muscle or fascia lata which are placed 
over the air cells, thus allowing the released temporal lobe to expand and to hold the 
packing in place. We routinely use a layer of fibrin glue to hold the fascia in place. 
While the fibrin glue cannot be relied upon to hold a CSF leak, it allows the fascia 
graft to heal in place without movement. Alternatively, a fat graft may be placed in 
the IAC which can seal the air cells secondarily after bone wax placement. If there 
is a middle ear opening, that area is plugged with an on-lay or dumbbell fascia graft. 
Mastoid air cells, if open, are waxed as well and covered with fascia. Finally, atten-
tion should be paid to the edges of the craniotomy as zygomatic root air cells or a 
very well pneumatized temporal bone will have air cells at the edges which can 
allow CSF leak to reach the middle ear and thus the nose. After controlling all 
sources of CSF leak and flow, the bone flap is replaced and attached to the edges of 
the craniotomy. Dural tacking sutures are placed to prevent epidural blood collec-
tion. The wound is closed in three layers (temporalis, subcutaneous, and cutaneous) 
in a watertight fashion. We prefer using Prolene sutures for skin edges rather than 
staples for better sealing. The blue color of the suture is easier to distinguish from 
hair when it has to be removed. Thereafter, a compression bandage is applied for 48 
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h. Given the limited air cell opening of the middle fossa approach, it is associated 
with a lower incidence of postoperative CSF fistulas relative to other approaches [4–6].

 Closure After Retrosigmoid or Lateral Suboccipital Approach

Once the tumor is completely removed, the surgical field is thoroughly rinsed, and 
hemostasis is achieved. The surgeon carefully checks the bone of the IAC and the 
edge of the craniotomy for air cells and seals them with tissue or bone wax to fill the 
gaps and prevent CSF from penetrating the mastoid and middle ear. To ensure that 
all the cells are filled, a 30-degree rigid endoscope is usually used to inspect the 
drilled surfaces of the IAC that may be out of microscopic line of sight. This step is 
critical to close all air cells and reduce rates of CSF leakage. Then, a layer of fascia 
or a portion of muscle or fat graft is inserted into the IAC to further prevent postop-
erative CSF leakage. The dura flaps that were kept moist to facilitate subsequent 
closure are closed in a watertight fashion with a 4-0 silk suture in several layers. In 
case a watertight seal cannot be achieved, a pericranial graft or dural substitute (e.g., 
DuraGen) is usually used to fill the remaining gap or as an only graft with fibrin glue 
sealant. Then, the bone flap is replaced, and absorbable sutures are used to close the 
muscular layer. Finally, the skin is closed with running sutures, and a pressure 
dressing is applied for 5 days [4, 5, 7].

 Closure After Translabyrinthine Approach

During the translabyrinthine approach, the surgeon enters the middle ear through 
the mastoid, which might create a potential pathway for CSF leakage. Accordingly, 
the Eustachian tube should be identified and entirely filled with obstructive materi-
als, such as fascia. Some surgeons use muscle or Surgicel, but we avoid muscle due 
to its atrophy and non-patient biomaterials to obtain better healing and sealing of the 
Eustachian tube. We will sometimes use the incus (after separation of the incudosta-
pedial joint) to wedge the fascia strips that were placed into the Eustachian tube for 
better control. The middle ear can also be filled with abdominal fat grafts though we 
prefer fascia which can be directly placed into the Eustachian tube in a strip-by-strip 
format and pushed in with an annulus elevator. Facial recess should be minimally 
opened, and if open, all air cells should be closed with bone wax. A large fascia graft 
is used to cover the entire mastoid-middle ear connection. The flaps of the dura are 
re-approximated, and a large piece of temporalis fascia is used to cover the dura and 
the facial nerve as it passes in the IAC. The mastoid is filled with strips of abdominal 
fat graft, and fibrin glue can be used additionally. Some surgeons use hydroxyapa-
tite to seal the mastoid or to counterpressure the fat graft. We prefer not to use bone 
cement for closure of the translabyrinthine approach as cement can break down with 
tissue fluids and CSF, and a rapid approach to the skull base in the rare case of a 
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postoperative hemorrhage is not possible. Ideally, the mastoid periosteum should be 
closed with 3-0 Vicryl watertight sutures. If due to tissue contraction, we will use a 
thin titanium mesh that can be compressed after securing with screws to hold the fat 
graft in place and provide better seal. This also prevents the sinking in of the skin 
and soft tissues. The skin is closed with continuous 4-0 nylon sutures. Every effort 
is made to ensure a watertight seal to prevent postoperative CSF leakage. A com-
pression bandage is applied for 5 days, and the patient is admitted to the intensive 
care unit for overnight monitoring [4–6, 8].

 Outcomes for Reconstruction of Posterior Skull Base Defects

 Middle Cranial Fossa Approach

The middle cranial fossa (MCF) approach is usually used for the resection of small- 
to medium-sized vestibular schwannomas, as well as lateral skull base lesions. It 
offers the possibility of both hearing and facial nerve function preservation [9–11]. 
Similarly to all skull base surgeries, CSF leakage is the most common complication 
following MCF approach, with a rate of up to 10% [10]. Subsequently, various clo-
sure techniques have been developed in an attempt to prevent CSF leakage. In 
Table 25.1, we have summarized the various studies on the topic.

 Retrosigmoid or Lateral Suboccipital Approach

The retrosigmoid approach is one of the most commonly used approaches to access 
the cerebellopontine angle (CPA) as it provides a broad view—from the tentorium 
cerebelli to the foramen magnum [14]. It is usually preferred by many surgeons as 
it is a relatively safe approach, it can be used for tumors of all sizes, and hearing can 
be preserved (as the otic capsule is not violated during this approach) [1, 15]. 
Nevertheless, CSF leakage remains a common complication (with an incidence of 
2–30% [12]) associated with an increased risk of intracerebral infection and pro-
longed hospital stay [16]. CSF leak commonly occurs through the perilabyrinthine 
air cells, the mastoidal air cells, and the apical air cells [17]. An unusual leak through 
an intracochlear air cell tract was described in the literature [18].

Several studies identified the risk factors associated with CSF leakage [19–24]. 
Firstly, young patients were at a higher risk of CSF leak when compared to older 
patients (>65 years) [19–21], as with age the production of CSF decreases as well 
as intracranial pressure [25, 26]. A high body mass index (BMI) was also reported 
as a risk factor, as obesity increases intracranial pressure and is associated with 
decreased dural cicatrization [19, 22, 23]. Furthermore, when compared to other 
tumor resections (meningioma, facial schwannoma, trigeminal schwannoma, etc.), 
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Table 25.1 Prophylactic techniques in middle cranial fossa approach and postoperative 
cerebrospinal fluid (CSF) leakage incidences

Study
Patients 
(n) Reconstructive technique

CSF 
leakage 
(%) Comments

Becker 
et al. 
(2003) 
[12]

100 
patients

Air cells of the IAC were filled 
with bone wax; IAC defects 
were closed with temporalis 
muscle or abdominal adipose 
tissue

10 CSF leak rates were similar 
between the retrosigmoid, 
translabyrinthine, and middle 
fossa approaches; it was also 
comparable to other studies 
conducted during the last 
decade

Fishman 
et al. 
(2004) 
[13]

24 
patients

Abdominal fat was used to 
obliterate open-air cells; air 
cells of the floor of the middle 
fossa were sealed with fascia; 
dural defects were repaired 
with fat and sutures

12 Plugging air cells with 
abdominal fat has significantly 
decreased CSF leakage

Khan 
et al. 
(2014) [8]

8 
patients

Titanium mesh plate, 
autologous temporalis fascia 
graft, and synthetic fibrin 
sealant were used for 
reconstruction

12.5 Titanium mesh plate could be 
used as an alternative to bone 
grafts in reconstruction of the 
middle cranial fossa skull base

Scheich 
et al. 
(2016) 
[14]

148 
patients

Temporalis muscle graft and 
fibrin glue were used to close 
the IAC; wax and fibrin sealant 
patch were used to seal 
temporal bone cells

13 Pneumatization of the 
temporal bone is associated 
with a higher rate of CSF 
leakage

Lipschitz 
et al. 
(2019) 
[10]

161 
patients

The dura was sutured in a 
watertight fashion; bone wax 
was used to obliterate open-air 
cells; temporalis muscle was 
placed in the IAC; MCF was 
covered with temporalis fascia, 
fibrin sealant, and Duraform 
dural graft

3 MCF can be used for 
vestibular schwannoma 
resection, with hearing 
preservation and low-rate CSF 
leakage

vestibular schwannoma resection was reported to be associated with a higher risk of 
CSF leak as it requires drilling of the petrous bone of the IAC [24].

Following a retrosigmoid approach, several techniques for repairing the dura 
mater have been proposed to reduce the rate of CSF leak (Table 25.2). In addition, 
Hoffman reported a significantly decreased incidence of CSF leaks when the IAC 
was not drilled (0% versus 16% when drilled) [44]. However, since drilling is an 
inevitable step for complete tumor resection, it is crucial to seal open-air cells of 
the posterior wall of the IAC and retrosigmoid air cells [16, 44]. An interesting 
finding was that the incidence of CSF leak was <1% following a series of steps 
suggested by Date et al. The most important step was the careful suturing of the 
dura and the use of fibrin glue to perform the cranioplasty [45]. In another series 
of patients, no CSF leak was reported in patients with Palacos cranioplasty. 
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Table 25.2 Studies of the retrosigmoid approach and various closure techniques and likelihood of 
CSF leakage

Study
Patients 
(n) Reconstructive technique

CSF leakage 
(%) Comments

Gal and 
Bartels 
(1999) [28]

35 
patients

Bone wax was used to seal 
perisigmoid air cells and to 
cover the defect in the 
porus acusticus

2.9 Bone wax is an effective, 
safe, and time-efficient 
way to prevent CSF from 
entering the residual air 
cell system

Yamakami 
et al. (2004) 
[42]

50 
patients

Resection of the posterior 
wall of the internal auditory 
meatus was minimized and 
was then reconstructed to 
avoid CSF leakage; after 
watertight dural closure, 
cranioplasty was performed 
using an autobone or 
artificial bone

4 The evaluation of the 
temporal bone 
pneumatization, the 
reconstruction of the 
IAC, the watertight dural 
closure, and the absence 
of an epidural or 
subcutaneous drain 
prevented CSF leakage

Cueva and 
Mastrodimos 
(2005) [30]

160 
patients

Bone wax was used to seal 
the IAC and air cells; dura 
mater was closed with 4-0 
woven nylon suture; a patch 
of blood-impregnated 
microfibrillar collagen 
hemostat is used to fill the 
craniectomy defect

0 The technique described 
was useful to achieve the 
lowest rate of CSF 
leakage

Galer et al. 
(2006) [31]

31 
patients

Hydroxyapatite-titanium 
mesh was used for 
cranioplasty, and closed 
suction drainage was used 
postoperatively

3.2 The use of closed suction 
drainage reduces CSF 
leak rate

Baird et al. 
(2007) [32]

280 
patients

130 patients underwent 
surgery for reconstruction 
of the posterior wall of the 
drilled porus acusticus with 
hydroxyapatite cement 
(HAC); 150 patients 
underwent the same 
surgical approach but 
without the HAC 
reconstruction

10% in HAC 
group and 
18.7% in 
control group

Statistically significant 
difference in rate of CSF 
rhinorrhea was reported; 
no statistically 
significant difference in 
the incisional leak rate 
between the two groups

Ludemann 
et al. (2008) 
[33]

420 
patients

In 283 patients, muscle was 
used to seal opened air cells 
at the IAC and mastoid 
bone; in 137 patients, fat 
tissue was used for this 
purpose

5.7% after 
muscle use 
and 2.2% 
after 
application of 
fat tissue

Sealing air cells with fat 
tissue was superior to 
muscle for the 
prevention of CSF 
leakage
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Table 25.2 (continued)

Study
Patients 
(n) Reconstructive technique

CSF leakage 
(%) Comments

Bayazit et al. 
(2009) [34]

412 
patients

Repair of retrosigmoid dura 
was achieved by watertight 
closure; the mastoid air 
cells and open-air cells in 
the petrous bone were filled 
with bone wax; tight 
mastoid dressing was used 
for 3 days

7.7 Vestibular schwannoma 
resection was associated 
with a higher incident of 
CSF leakage, probably 
due to the drilling of the 
internal acoustic meatus; 
in this case, endoscopes 
might be useful

Stieglitz et al. 
(2010) [35]

519 
patients

In addition to fibrin glue, 
muscle tissue and 
subcutaneous fat were used 
to seal air cells at the 
drilled IAC; open mastoid 
air cells were sealed with 
fat tissue and glue; dura 
mater was closed and 
sealed with glue; bony 
defect was closed with 
Palacos

4.2 The perilabyrinthine air 
cells (extend into the 
posterior wall of the 
IAC), the mastoidal air 
cells (posteromedial to 
the sigmoid sinus), and 
the apical air cells 
(superior to the IAC) 
should be sealed to avoid 
CSF fistulas

Samii et al. 
(2010) [36]

50 
patients

Opened air cells around the 
IAC and mastoid are 
occluded by pieces of 
muscle sealed with fibrin 
glue; bone wax is only 
applied for hemostasis; 
Gelfoam is placed on the 
dura mater, and 
craniectomy is 
reconstructed with methyl 
methacrylate

6 Large and giant 
vestibular schwannomas 
were associated with a 
higher incident of CSF 
leakage although there 
was no significant 
difference

(continued)
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Table 25.2 (continued)

Study
Patients 
(n) Reconstructive technique

CSF leakage 
(%) Comments

Arlt et al. 
(2011) [17]

81 
patients

In 41 cases, the dura was 
closed using the sandwich 
technique and non- 
autologous materials 
(TissueFleece, Spongostan, 
TachoSil); in 40 cases, the 
dura was closed in a 
monolayer fashion with 
epidural TachoSil; in 5 
cases, Palacos was used 
during the cranioplasty. In 
the 76 other cases, the bone 
flaps were fixed using 
miniplates; drilled posterior 
wall of the meatus 
acusticus internus and 
opened mastoid cells were 
obliterated using an 
autologous muscle patch 
from the neck musculature 
that was fixed with fibrin 
glue

8.6 By comparing the two 
techniques: 7.3% CSF 
leakage with the 
sandwich technique and 
10% with the monolayer 
technique with no 
statistically significant 
difference between the 
two groups; there was no 
association between the 
mean operation time and 
rate of CSF leakage; no 
CSF leakage when 
Palacos was used during 
cranioplasty (however 
the number of patients 
allows no conclusion)

Chovanec 
et al. (2012) 
[37]

89 
patients

Microsurgical tumor 
resection (MS) and 
endoscopy-assisted 
microsurgical tumor 
resection (EA-MS); in both 
groups, open-air cells were 
plugged with muscle and 
fibrin glue

MS: 20
EA-MA: 8

The use of endoscopy 
helped identify the 
pathways for CSF 
leakage when compared 
to the microscope

Heman- 
Ackah et al. 
(2012) [38]

197 
patients

An anterior retraction of the 
dura and sigmoid sinus was 
created, thus allowing a 
maximum visualization of 
the CPA; air cells were 
sealed with bone wax; fat 
was used to seal the 
drill-out defect

6.6 The modified 
retrosigmoid approach 
provides a better access 
to seal air cells 
(extracranial, mastoid, 
and retrofacial)
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Table 25.2 (continued)

Study
Patients 
(n) Reconstructive technique

CSF leakage 
(%) Comments

Fredrickson 
and Sekula 
(2013) [39]

79 
patients

Calcium phosphate cement 
was used for cranioplasty

0 Calcium phosphate 
cement provides a 
watertight, nonporous 
barrier for the CSF; in a 
previous study, the 
authors used titanium 
mesh cranioplasty which 
constitutes a porous 
barrier, and the rate of 
CSF leak was reported to 
be 2%

Ling et al. 
(2014) [3]

58 
patients

Dura was closed using a 
watertight fashion, and a 
dural allograft patch was 
used when needed; bone 
wax was used to seal 
mastoid air cells; if needed, 
IAC air cells were sealed 
with wax and small 
autologous fat graft; fat 
graft was then placed over 
the sutures and the waxed 
off mastoid cells; finally, a 
cranioplasty is performed 
with a Medpor Titan 
implant that was secured to 
the bone edges with 
titanium screws

0 After performing the 
described technique, the 
use of additional tissue 
dural sealants or 
postoperative lumbar 
drainage did not appear 
to be necessary to 
prevent postoperative 
CSF leakage

Foster et al. 
(2016) [40]

672 
patients

336 patients underwent 
calcium phosphate cement 
(CPC) cranioplasty, and 
336 underwent 
polyethylene mesh 
cranioplasty

0% in cement 
group and 6% 
in mesh group

CPC could be used as an 
alternative to titanium as 
it reduces the risk of 
CSF leakage

Azad et al. 
(2016) [41]

24 
patients

IAC defect and air cells 
were sealed with bone wax; 
then, autologous fat graft 
from the abdomen was 
used; this was then 
reinforced with Surgicel 
and fibrin glue; the dural 
opening was closed with 
watertight sutures and 
reinforced with muscle or 
fat graft; mastoid pressure 
dressing

0 The use of fat graft is a 
viable long-term barrier 
to prevent CSF leakage 
following vestibular 
schwannoma resection, 
due to its ability to 
revascularized

(continued)
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Table 25.2 (continued)

Study
Patients 
(n) Reconstructive technique

CSF leakage 
(%) Comments

Luryi et al. 
(2017) [43]

19 
patients

Hydroxyapatite cement was 
used for cranioplasty

0 Hydroxyapatite could be 
considered as an 
alternative to traditional 
retrosigmoid craniotomy 
repair methods

Venable et al. 
(2018) [46]

86 
patients

Bone wax or paste was 
used to seal mastoid air 
cells; dura was kept moist 
to avoid desiccation; dura 
was closed with 4-0 
Nurolon sutures; DuraSeal 
tissue glue was added on 
top of the sutures; Gelfoam 
was then place in the 
epidural space, and 
titanium mesh was used to 
reconstruct the bone defect

0 Primary dural closure 
should be a goal in 
retrosigmoid approaches 
to avoid CSF leaks

Hwa et al. 
(2021) [47]

196 
patients

IAC reconstruction: bone 
wax and muscle plug; 
Norian hydroxyapatite bone 
cement; Cranios 
hydroxyapatite bone 
cement

15.6 % with 
no bone 
cement, 6.3% 
with Norian 
cement, and 
1% with 
Cranios 
cement

CSF leak is significantly 
reduced when Cranios 
hydroxyapatite was used 
for reconstruction; tumor 
size or age did not affect 
CSF leak rate

However, the insufficient number of cases allowed no conclusion [16]. Three 
series described the retrosigmoid approach without the use of graft (allo- or auto-). 
In these studies, the incidence of the CSF leak varied between 0% and 4% [27, 28, 
42]. Finally, in the last two decades, the use of hydroxyapatite bone cement for the 
reconstruction of retrosigmoid craniectomy became widespread. However, it could 
be associated with the formation of seroma and subsequently life-threatening 
infection [46].

 Translabyrinthine Approach

Patients with a lack of serviceable hearing are suitable for the translabyrinthine 
approach. It allows the preservation of the other cranial nerves and the early identi-
fication of the facial nerve and does not require cerebellar retraction. Several single- 
treatment arm studies investigating complications from treating vestibular 
schwannomas via the translabyrinthine approach have been published [22, 47–51]. 
CSF leakage has been one of the most common postoperative complications that 
resulted in meningitis, increased rate of re-operation, and prolonged hospital stay 
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Table 25.3 Studies of the translabyrinthine approach and various closure techniques and 
corresponding CSF leakage chance

Study
Patients 
(n) Reconstructive technique

CSF leakage 
(%) Comments

Wu et al. 
(1999) [54]

277 
patients

1st group, fascia fat was used to 
obliterate the operative cavity; 
2nd group, fascia-fat-flap 
technique was used; 3rd group, 
fat-flap technique

1st group, 
28.2%; 2nd 
group, 
21.7%; and 
3rd group, 
7.4%

Filling the operative 
cavity with fat 
directly, without 
fascia, significantly 
reduced the rate of 
CSF leakage

Fayad et al. 
(2007) [55]

389 
patients

After translabyrinthine tumor 
removal, patients underwent 
titanium mesh cranioplasty

3.3 CSF leaks seem to be 
reduced after titanium 
mesh cranioplasty

Merkus 
et al. (2010) 
[56]

1803 
patients

After the incus is disarticulated, 
the attic and middle ear are 
plugged with dry periosteum; 
bone wax is used to plug open 
cells; the operative site is 
obliterated with long strips of 
abdominal fat with part of the 
strips protruding into the CPA; 
dural edges are not sutured; the 
fasciomusculoperiosteal flaps are 
sutured in a watertight fashion

0.8 The technique used in 
this series reduced 
CSF leak to an 
absolute minimum

Manjila 
et al. (2013) 
[57]

42 
patients

Patients underwent a 
multilayered closure using 
titanium mesh—hydroxyapatite 
cement cranioplasty with dural 
substitute and fat grafts; 
temporalis muscle and 
Eustachian tube obliteration were 
not used

0 The described 
technique was 
successful in 
preventing 
postoperative CSF 
leakage

Hunter et al. 
(2015) [58]

53 
patients

Bone defects were closed with a 
dural substitute, layered fat graft, 
and a resorbable mesh plate 
secured with screws

1.9 The use of fat graft 
with mesh reduced the 
rate of CSF leakage

Zhu et al. 
(2016) [59]

382 
patients

332 patients underwent classic 
enlarged translabyrinthine 
approach (ETLA), 28 patients 
underwent ETLA with blind sac 
technique and middle ear 
eradication, and 22 patients 
underwent vestibular 
schwannoma resection via 
transotic approach

4.8% via 
classic 
ETLA, 0% 
via ETLA 
with blind 
sac 
technique, 
and 0% via 
transotic 
approach

CSF leakage can be 
reduced in large 
vestibular 
schwannoma resection 
using the blind sac 
technique

(continued)
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Table 25.3 (continued)

Study
Patients 
(n) Reconstructive technique

CSF leakage 
(%) Comments

Volsky et al. 
(2017) [66]

369 
patients

Patients underwent 
hydroxyapatite cement 
cranioplasty with or without fat 
graft

1.9 The use of HAC with 
fat is superior to fat 
alone following 
translabyrinthine 
approach

Russel et al. 
(2017) [60]

275 
patients

Eustachian tube was obliterated 
with multilayer of temporalis 
muscle and biological glue; bone 
pate, biological glue, and wax 
were used to obliterate cells of 
the middle ear, the 
infralabyrinthine, and apical 
mastoid; abdominal fat and 
biological glue were used to 
obliterate the operative cavity; 
the musculoperiosteal flap and 
the cutaneous incision were 
sutured close

12 Young patients, male 
sex, long duration of 
surgery, and high BMI 
were associated with a 
higher rate of CSF 
leakage; the most 
important way to 
prevent CSF leakage 
was to obliterate the 
petromastoid cavity

Luryi et al. 
(2020) [61]

52 
patients

Hydroxyapatite cement was used 
for cranioplasty without any fat 
graft or any other material

3.8 Hydroxyapatite 
cement is an 
acceptable alternative 
to fat grafting

Totten et al. 
(2021) [62]

77 
patients

21 patients underwent multilayer 
repair using small intestinal 
submucosal xenografts, and 56 
patients underwent multilayer 
reconstruction using fascia 
autograft

4.8% in 
xenograft 
group and 
16% 
autograft 
group

Xenografts are robust 
alternative for closure, 
thus reducing CSF 
leakage

Selleck 
et al. (2021) 
[63]

132 
patients

Mesh cranioplasty versus 
watertight periosteal closure

12.8% in 
titanium 
mesh closure 
group and 
0% via 
periosteal 
closure

Periosteal approach 
statistically reduced 
CSF leakage when 
compared to titanium 
mesh closure 
technique
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Table 25.3 (continued)

Study
Patients 
(n) Reconstructive technique

CSF leakage 
(%) Comments

Cooper 
et al. (2021) 
[53]

23 
patients

Air cells are sealed with soft 
tissue packing, hydroxyapatite 
cement, and bone cement; facial 
grafts are pressed and draped 
over the IAC and the aditus ad 
antrum; primary closure of the 
dural flaps is achieved when 
possible; the remaining defect is 
plugged with fascia or fat in a 
dumbbell fashion; cranioplasty 
with titanium mesh if desired; 
wound closure in a watertight 
fashion; tight mastoid dressing is 
finally applied

4.3 It is crucial to identify 
and obstruct all 
potential cell tracts to 
avoid CSF leakage

Christopher 
et al. (2021) 
[64]

204 
patients

In 102 patients, facial recess 
approach was used during 
translabyrinthine surgery for 
schwannoma, and 102 patients 
underwent translabyrinthine 
surgery without facial recess 
approach

3.9% in 
group who 
underwent 
facial recess 
approach 
and 4.9% in 
control 
group

CSF leak was not 
affected whether or 
not facial recess 
approach was used to 
pack the Eustachian 
tube

Martinez- 
Perez et al. 
(2022) [65]

69 
patients

34 patients underwent 
cranioplasty with hydroxyapatite 
cement and fat, and 35 patients 
underwent fat-only cranioplasty

2.9% in 
HAC + fat 
group and 
8.6% in 
fat-only 
group

The use of 
hydroxyapatite for 
cranial reconstruction 
after translabyrinthine 
approaches showed 
superiority in 
preventing 
percutaneous 
postoperative CSF 
leaks

[52]. Subsequently, since the development of the translabyrinthine approach in 
1960 [53], surgeons have been working to develop new reconstruction and closure 
techniques to minimize the risk of CSF leaks (Table 25.3) [52].

 Conclusion

A collaboration between neurotologists and neurosurgeons and meticulous atten-
tion to detail in every step of the operation including pre-op assessment, intraopera-
tive closure, and immediate post-op care can help reduce the likelihood of CSF 
leakage. Every source of leak—incision, canal skin laceration, tympanic membrane 
perforation, mastoid air cells, middle ear cavity/opening, petrous apex cells, and 
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especially the IAC air cells—needs to be addressed to reduce the likelihood of CSF 
leak. Multiple layers of closure for each area should be considered to keep a CSF 
leak to a minimum.
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Chapter 26
Reconstruction of the Middle Cranial 
Fossa Floor

Judith S. Kempfle and Aaron K. Remenschneider

 Introduction

Congenital and acquired lateral skull base defects can involve isolated or combined 
defects of the tegmen mastoideum, the tegmen tympani, and the petrous apex. 
Defects may result in herniating meningoencephaloceles with or without cerebro-
spinal fluid (CSF) leakage into the mastoid air cells and/or the middle ear [1–4]. 
Mounting evidence points toward a direct connection between encephaloceles, CSF 
leaks and increased body mass index (BMI), which is concerning given the rise in 
BMI at the US population level [5, 6]. Obesity and elevated intracranial pressure 
have been directly linked to skull base thinning and resultant skull base defects with 
encephaloceles and CSF leaks [7]. Other etiologies of skull base defects include 
tegmen mastoideum defects, which are often caused by erosion related to cholestea-
toma or iatrogenic injuries during mastoidectomy. These defects generally represent 
smaller, more posterior and lateral dehiscences of the middle cranial fossa floor. 
Defects of the tegmen tympani involve dehiscences of the anterior and medial 
aspects of the middle cranial fossa floor, are more often congenital in nature and 
larger or multiple, and can affect the ossicular chain and the geniculate ganglion. 
Patients may present with a range of symptoms from mild ear blockage and 
conductive hearing loss to CSF otorrhea and otogenic meningitis. Regardless of 
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location, the primary goal of surgical management of lateral skull base defects is to 
guard against devastating intracranial complications from progressive disease as 
well as to address symptoms affecting patient quality of life.

Tegmen defects are most commonly repaired via one of three approaches: a 
transmastoid approach, a middle fossa craniotomy (MFC), or a combined transmas-
toid–middle fossa approach [8]. The transmastoid approach circumvents a craniot-
omy and allows for exposure and repair of smaller posterior and lateral tegmen 
mastoideum defects. Larger or multiple defects that extend more medially and 
involve or expose the ossicular chain are preferably treated with a MFC approach, 
which provides better visualization of the entire lateral skull base all the way to the 
level of the petrous apex [9, 10]. Combined approaches are often used in cases of 
eroding middle ear and mastoid cholesteatoma and large meningoencephalocele 
[11, 12].

Various materials have been utilized for lateral skull base repair. Single layer or 
multilayer repair involving autologous materials (e.g., fascia, calvarial bone graft, 
cartilage, bone pate, or vascularized flaps) and allogenic materials (e.g., bone 
cement, bone wax, polyethylene scaffold, or synthetic dura) are overall safe and 
effective in recreating a watertight boundary and reconstructing the lateral skull 
base [8, 13, 14]. This chapter covers methods and materials used in reconstruction 
of the middle cranial fossa floor.

 Surgical Techniques

 Middle Fossa Craniotomy for Repair of Spontaneous Tegmen 
Defects With or Without Meningoencephalocele and CSF Leak

We commonly use this approach for most of our lateral skull base repairs, including 
dehiscences of the tegmen mastoideum, the tegmen tympani, and for treatment of 
superior canal dehiscence syndrome. This intracranial, extradural technique pro-
vides a stable dural closure in cases of dural defects with CSF leaks and allows 
excellent visualization for extradural reduction and resection of meningoencephalo-
celes, as well as repair of bony dehiscence. Exposure of the entire tegmen mastoi-
deum and tegmen tympani without disruption of the ossicular chain is a major 
advantage of this approach. The disadvantages of this approach compared to a trans-
mastoid approach however include a slightly higher risk of temporal lobe injury, 
seizure, subdural or epidural hematoma, and a required hospital stay [8].

Preoperatively, we recommend obtaining a thin-cut CT scan of the temporal bone 
and, in cases of suspected meningoencephalocele with or without CSF leak, an 
MRI. This will allow for identification of single or multiple meningoencephaloceles, 
concurrent superior canal dehiscence (SCD), dehiscent facial nerve at the geniculate 
ganglion, and surgical landmarks necessary for safe craniotomy technique.
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Classically, a C-shaped or “horseshoe” incision has been created, curving from 
slightly anteriorly to the tragus and about 3–4 cm superiorly to the auricle at the 
level of the external auditory canal. This creates a prominent incision that at times 
may lie outside of the hairline [15]. In contrary to previous publications [10, 15], we 
favor a smaller, 4–5 cm long, S-shaped incision centered over the external auditory 
canal that can be easily hidden in the hairline (Fig. 26.1a, a′). We recommend mark-
ing the incision on the awake, upright sitting patient in the preoperative area, to best 
predict the location of the defect and to compose the incision line accordingly 
(Fig. 26.1a).

After induction of general anesthesia, the patient is then positioned supine, and 
the head is rotated to the contralateral side. Facial nerve monitoring is advisable, 
given the close relationship of many tegmen defects to the geniculate ganglion. The 
location of the facial nerve should also be appreciated on preoperative imaging. A 
Mayfield headholder for head fixation has been successfully employed and described 
by many others [10, 15] but is not necessary in our experience. A small donut, tape, 
and a shoulder roll are generally sufficient to limit head movement. A foley catheter 
is placed at the start of the procedure to permit diuresis and decrease cerebrospinal 
fluid pressure, which will assist in decreasing temporal lobe retraction.

Minimal hair removal is necessary with this modified incision (Fig. 26.1a′), and 
the patient is then prepped and draped in normal sterile fashion. An S-shaped curvi-
linear incision is then made along the previously marked line, from behind the hair-
line, and above the auricle down over the supra-auricular fold and into the 
postauricular crease. By keeping the incision posterior to the hairline, the frontal 
branch of the facial nerve is protected. The incision is carried down through the 
subcutaneous soft tissues to the level of the temporalis fascia. This plane is elevated 
anteriorly and posteriorly, and a small retractor can be placed to reflect the ear for-
ward. Next, a fascia graft should be harvested from the temporalis fascia. An ante-
riorly based temporalis flap is then incised and reflected anteriorly to expose the 
squamous portion of the temporal bone (Fig. 26.1b).

To create the craniotomy, an otologic drill with #4 cutting drill bit and #3 dia-
mond bur is sufficient. Under the surgical microscope, a typical bone flap of approx-
imately 3 × 2 cm is then outlined, which should be centered along the long axis 
directly above the external auditory canal, with its inferior border positioned roughly 
along the floor of the middle fossa, corresponding to the root of the zygoma 
(Fig.  26.1c). Larger bone flaps may be necessary for anterior or more medially 
located middle fossa floor defects. The margins of the craniotomy are carried down 
to the level of the dura, taking care to keep the dura intact. The bone flap is then 
elevated by careful dissection from the underlying dura using a Woodson or Freer 
elevator (Fig. 26.1d). If air cells are encountered over the zygoma or mastoid during 
the craniotomy, these should be sealed with bone wax to prevent CSF leaks 
(Fig. 26.1e). Additional bone from the inferior border of the craniotomy obstructing 
the direct view of the anterior skull base floor should be removed. At this point, the 
surgeon should reposition himself/herself at the top of the head, as this position 
provides a superior en face view of the middle fossa floor.
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a a’

b c

d e

Fig. 26.1 Middle fossa craniotomy for tegmen repair. (a) Incision is planned behind the hair line 
of the awake, upright, sitting patient. (a′) Incision should be centered over the external auditory 
canal (dashed line). (b) Fascia graft is harvested, and an anteriorly based temporalis flap is created 
(blue marker). (c) Craniotomy is performed, and bone flap is removed (dashed white line). (d) 
Brain and dura are carefully elevated to expose the skull base. (e) Exposed air cells are sealed with 
bone wax
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The dura is then carefully elevated with a Freer elevator from the middle fossa 
floor, starting from posteriorly to anteriorly under constant suction irrigation 
(Fig. 26.2a). This trajectory protects the greater superficial petrosal nerve and inad-
vertent damage to a dehiscent geniculate ganglion [10]. Once the posterior petrous 
ridge is identified, dissection proceeds anteriorly and medially to identify additional 
landmarks such as the arcuate eminence and geniculate ganglion as well as any 
bony defects over the tegmen tympani and/or mastoideum (Fig. 26.2a, b). If the 
geniculate ganglion is dehiscent, a nerve stimulator probe may be employed to con-
firm the location and function of the nerve (and monitor) prior to reconstruction.

At this point, the nature of the defect should then be further characterized and 
documented. Several important questions must be asked to verify CT/MRI findings 
with the intraoperative exam.

 1. Is there concurrent mastoid or middle ear disease that needs to be addressed via 
mastoidectomy?

 2. Is there significant encephalocele penetrating into the mastoid or the tym-
panic cavity?

 3. Is CSF encountered from the defect?
 4. If there is a tegmen tympani defect present, are the ossicular heads exposed, and 

how does the defect relate to a (potentially dehiscent) facial nerve in that area?

These intraoperative findings will ultimately guide decision-making for recon-
struction. Mastoid and middle ear disease should be known prior to the procedure, 
but if unanticipated findings are encountered, then a mastoidectomy and middle ear 
exploration should be performed. If a large encephalocele/temporal herniation is 
present, the stalk is identified and cauterized before it is resected at its base. In case 
of a broad base, the encephalocele can be coagulated to produce tissue shrinkage 
followed by amputation. Typically, this can be safely done, as the herniated enceph-
alocele generally represents nonfunctional brain tissue. The resected portion of the 
brain is then sent for pathology to confirm the initial diagnosis. Disease present in 
the mastoid may be removed through the middle fossa floor defect prior to recon-
struction. Dural defects may occur following amputation of herniated tissue or 
because of thin or dehiscent dura and addressing the resultant CSF leak will typi-
cally require a multilayered approach. Finally, tegmen tympani defects must be cau-
tiously approached given their proximity to the facial nerve and the potential to 
iatrogenically introduce ossicular trauma.

We favor multilayer repair of the dura and lateral skull base, using a combination 
of non-autologous collagen matrix for dural onlay, a split calvarial bone graft for 
bony reconstruction, and autologous soft tissue (temporalis fascia) against the skull 
base defect to obtain a tight seal (Fig 26.2c). For bony reconstruction, the previously 
harvested bone flap is split using a sagittal saw in order to generate a bone chip that 
will provide the main solid reconstruction of middle fossa floor (Fig.  26.2d). 
Although rarely observed, if there is a concern of contact between the bone graft 
and the ossicular heads, it can be positioned with the concave side over the ossicles 
to minimize contact [15]. Next, a piece of synthetic dura is placed over the dura in 
an onlay fashion (Fig.  26.2e). The previously harvested fascia is then wrapped 
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Fig. 26.2 Intracranial, extradural repair of tegmen defect. (a) Dura is carefully elevated from the 
skull base posteriorly to anteriorly under constant suction irrigation (arrows), until the petrous 
ridge and the arcuate eminence are visualized (arrowheads). (b) The tegmen defect is identified 
and characterized, meningocele (arrowheads) or meningoencephaloceles are reduced. (c) 
Schematic of the skull base repair via multilayer reconstruction. (d) The calvarial bone flap is split 
using a sagittal saw, and the resulting bone chip is saved to be used as rigid reinforcement of the 
skull base. (e) A dural replacement graft/synthetic dura (SD) is placed over the brain to protect 
native dura and repair dural defects in onlay fashion. (f) A bone-fascia “taco” is created (b+f), 
which is then slid between the dural graft and the bony skull base defect. The open side of the 
reconstruction is facing laterally. (g) The lateral cranial defect is reconstructed with the remaining 
bone flap and fixed with titanium plates. (h) Watertight multilayer closure of soft tissue and skin
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around the bone graft to create a soft surface on each side, and the bone chip is 
placed superior to the bony defect and inferior to the dural replacement graft, ensur-
ing that the open side of the bone “taco” is facing laterally (Fig. 26.2c, f). In cases 
of a dehiscent geniculate ganglion, great care should be taken during this maneuver 
to avoid pushing the bone chip too far medially to impinge on the nerve. Fibrin glue 
is then used throughout the reconstruction and lateral to the temporal lobe dura to 
complete the repair. In cases where bone cement is used to repair a defect, absorb-
able materials (e.g., gelatin sponge) or autologous fascia can be used over the 
exposed ossicles to prevent fixation and associated conductive hearing loss [8, 14]. 
In cases of simple dural defects, a patch with dural replacement matrix (bovine 
pericardium, alloderm, collagen substitute, or temporalis fascia) may be performed 
in an onlay technique. Alternatively, a primary dural closure can be attempted with 
4.0 Nurolon suture (Johnson & Johnson, New Brunswick, NJ) [10]. If an additional 
superior canal dehiscence is unexpectedly identified intraoperatively, the defect can 
be plugged at the same time using bone wax as described below, or with bone wax 
and bone cement [8]. In cases of small middle fossa floor defects, a bone graft is not 
necessarily required. Inlay grafts of synthetic dura and extradural temporalis fascia 
have also demonstrated high success rates [15].

The calvarial bone flap is then replaced and secured using at least three titanium 
mini plates and 4 mm titanium self-tapping self-drilling screws. The anterior infe-
rior corner of the craniotomy should be protected with the bone flap (Fig. 26.2g). 
Alternatively, resorbable plates and screws can be used to cover the defect. In cases 
where the calvarial bone is thin or is used in its entirety for reconstruction of the 
tegmental floor, a titanium mesh cranioplasty provides a viable alternative [16]. The 
use of an alloplastic graft has been shown to shorten the overall mean operating time 
compared to autologous grafts [10]. Absorbable hemostatic agents are excellent 
choices for hemostasis and to cover and seal any remaining bony defects around the 
cranioplasty. To obtain a watertight closure, the temporalis muscle flap is then 
replaced and reapproximated, and the skin is closed in multiple layers (Fig. 26.2h). 
To avoid postoperative hematomas or CSF hygromas, a mastoid pressure dressing 
should be applied over the incision and left in place for at least 5 days.

 Middle Fossa Craniotomy for Superior Canal 
Dehiscence Repair

A comparable intracranial, extradural approach as described above is employed for 
superior canal dehiscence (SCD) repair (Fig. 26.3). In select cases, for example, 
revisions or where the defect is located adjacent to the superior petrosal sinus, or 
located medially along a downsloping tegmen, a transmastoid canal plugging may 
be more favorable [17]. In this chapter, we focus on the middle fossa approach.

Preoperative evaluation and intraoperative positioning and incision are identical 
to the approach described above. Once the dura is elevated from the middle fossa 
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Fig. 26.3 Middle fossa repair of SCD. (a) Dura is elevated off the skull base under constant suc-
tion irrigation. (b) Petrous ridge and arcuate eminence are exposed (arrowheads). (c) Bony defect 
(green arrowheads) of the superior semicircular canal (green dashed line) is identified. (d) Defect 
is plugged with prewarmed bone wax (green arrowheads)

floor (Fig. 26.3a), the petrous ridge is identified to guide the dissection toward the 
arcuate eminence (Fig. 26.3b). Preoperative CT imaging can aid in identifying the 
defects of the superior semicircular canal intraoperatively and any relationship to 
additional tegmen defects or a dehiscent geniculate ganglion. Distance measure-
ments from the inner table to the arcuate eminence in the coronal plane can provide 
helpful guidance in cases where the defect is not readily visualized.

Once the bony dehiscence is identified (Fig. 26.3c), several prewarmed spheres 
of bone wax are carefully pressed into the defect to occlude both the ampulated end 
and the crus cummune it in its entirety [18]. A Neuro patty and a Freer elevator can 
be employed to apply additional pressure [19]. The area over the defect is then irri-
gated with warm saline to “test” the durability of the reconstruction (Fig. 26.3d). 
The repair can be reinforced with a bone “taco” of temporalis fascia, split calvarial 
bone graft, and synthetic dura as described above, as well as bone cement, cartilage, 
or fascia, but is ultimately not required if an adequate bone wax seal can be obtained 
and no other middle fossa floor defects are identified [8, 20].
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 Transmastoid Repair of Posterior and Lateral Tegmen Defects

A transmastoid approach to tegmental defect repair avoids a craniotomy and allows 
for resection of concurrent mastoid and middle ear disease [8]. This approach has 
been thoroughly described in the literature for repair of small tegmen mastoideum 
defects or for disease originating in the mastoid with minimal penetration of the 
middle cranial fossa [12, 21–24]. In experienced hands, the transmastoid approach 
can also be successfully used to repair tegmen tympani defects but usually requires 
disarticulation of the ossicular chain, often with removal of the incus and the mal-
leus head for adequate exposure to the epitympanum. Repair of larger defects may 
be compromised and destabilized by continued intracranial pressure, which may 
lead to recurrence of meningoencephalocele and/or CSF leak [13].

In terms of surgical technique, the patient is positioned supine with the head 
turned to the contralateral side. After induction of general anesthesia, a conventional 
C-shaped postauricular incision is carried through the soft tissues to expose the root 
of zygoma and spine of Henle of the external auditory canal, and a standard mas-
toidectomy is performed. In cases of a lateral tegmen mastoideum defect, the mas-
toidectomy can be carried to the level of the antrum. The tegmen and the sigmoid 
sinus are bluelined, and bone over the tegmen is further removed to reveal the site 
of the bony defect with the meningoencephalocele or meningeal herniation with 
CSF leak (Fig. 26.4). Granulation tissue and reactive bone may be present around 
the defect, and diamond burs are recommended to avoid additional injury to sur-
rounding structures. In cases of brain or meningeal herniation, the stalk can be 
resected at its base using bipolar electrocautery in a similar fashion as described above.

Next, the tegmen mastoideum defect is prepared for extradural, intracranial 
reconstruction of the bony defect via transmastoid graft placement: through the teg-
mental defect, the dura is carefully elevated from the middle cranial fossa floor, 

a b

Fig. 26.4 Schematic of transmastoid repair of lateral skull base defect. (a) Elevation of dura to 
create an intracranial, extradural pocket from below. (b) Fascia graft is placed below the dural 
defect, and key-hole cartilage graft is slid intracranially, below the fascia graft. A second fascia 
graft is placed extracranially to cover the mastoid tegmen defect
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roughly reaching a circumferential extradural pocket 1–2 mm circumferential to the 
bony defect (Fig. 26.4a). For reconstruction of the tegmen mastoideum, a cartilage 
graft (e.g., conchal cartilage) and temporalis fascia are harvested. The cartilage is 
sized into a piece slightly larger than the defect. Next, a piece of fascia (or alterna-
tively a dural replacement graft) is placed intracranially for protection of the dura, 
followed by the cartilage graft. Sizing the graft generously with extension beyond 
the bony defect will stabilize the cartilage intracranially, in addition to the weight 
added from the temporal lobe. Using the previously described multilayer technique, 
a second piece of fascia is placed underneath, covering the tegmen defect from the 
mastoid cavity (Fig. 26.4b). Additional treatment with fibrin glue or obliteration of 
the mastoid cavity with adipose tissue can be beneficial to secure the reconstruction. 
Care must be taken not to inadvertently immobilize the ossicular chain during 
the repair.

In cases of tegmen tympani involvement or multiple small defects of the tegmen 
mastoideum and tegmen tympani, the mastoidectomy is extended by a posterior 
tympanotomy in order to expose the epi- and mesotympanum and to reach the 
defect. This generally entails disarticulation and removal of the incus and malleus 
head. The bony tegmental defect is then reconstructed in a similar manner, using a 
sandwich technique, consisting of fascia or dural onlay graft followed by cartilage 
and reinforced by a temporalis fascia onlay. If feasible, reconstruction of the ossicu-
lar chain can be performed in the same surgery via the posterior tympanotomy, 
using the previously removed incus as an interposition graft, or with a partial ossic-
ular replacement prosthesis (PORP).

After layered closure of the postauricular incision, similar to a standard postau-
ricular closure, a mastoid pressure dressing should be applied. Transmastoid repair 
of a tegmen defect may be performed as an outpatient surgery, and patients doing 
well can often be discharged home the same day [13].

 Combined Transmastoid and Middle Fossa Approach

In cases of large spontaneous tegmen defects or middle ear and mastoid cholestea-
toma eroding the tegmental bone with intracranial extension or a resulting encepha-
locele with or without CSF leakage, repair via a combined mastoid/middle fossa 
approach can achieve a high success rate [12, 24, 25].

After induction of general anesthesia and placement of facial nerve monitoring 
leads, the patient is prepped and draped in the normal sterile fashion. A standard 
postauricular incision is combined with our minimal supra-auricular C-shaped 
C-shaped incision as detailed above. As such, the incision is created in the postau-
ricular sulcus and extended in curvilinear fashion above the auricle but behind the 
hairline over the supra-auricular fold. A large temporalis fascia graft should be har-
vested for skull base repair, and an inferiorly based periosteal flap can be created at 
this point to obliterate the mastoid defect later in the case. A canal wall-up or, if 
necessary, a canal-wall down mastoidectomy is performed next to remove disease 
from the mastoid cavity in case of cholesteatoma and to expose any defects of the 
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lateral tegmen mastoideum. Careful dissection is needed in areas of tegmen erosion 
to not violate the dura. Involvement and dehiscence of the tegmen tympani will 
likely require removal of the incus and malleolar head [12].

During mastoidectomy, the tympanic and mastoid portion of the facial nerve are 
identified and can help during the craniotomy to identify the geniculate ganglion, 
which may be dehiscent in cases of extensive cholesteatoma. Next, the craniotomy 
is performed as described above. After the dura is elevated from the middle fossa 
floor, the petrous ridge is identified, and defects in the tegmen can be visualized from 
above and below. At this point, an encephalocele can be easily reduced and resected, 
or cholesteatoma extending intracranially can be thoroughly assessed and safely 
mobilized and delivered through the mastoid cavity. Dural defects can be repaired in 
onlay fashion using synthetic dura before attention is turned to repair of the bony 
defects. The middle cranial fossa floor is reconstructed in multilayer fashion with 
dural onlay, split calvarial bone, and autologous tissue from above, and a cranio-
plasty using autologous or allogenic materials is performed. Depending on nature of 
the mastoid defect, the cavity can be obliterated with a combination of cartilage, 
bone pate, an inferiorly based periosteal flap, temporalis fasci, or non- autologous 
tissuesa. A mastoid pressure dressing covering the postauricular and temporal defect 
should be placed postoperatively. Consideration should be given for a postoperative 
lumbar drain in combined approaches if large dural defects and high flow CSF leaks 
are encountered and repaired. Persistent postoperative CSF otorrhea may compro-
mise the middle ear and mastoid reconstruction, or even lead to meningitis.

 Modified Approaches

 Endoscopic Assisted Middle Fossa Craniotomy Approach

In cases of unfavorable skull base topography where visualization of bony dehis-
cences and defects under the microscope can be impaired, rigid endoscopes have 
been successfully used to detect “hidden” defects [19]. Endoscopes of a 0 and 30° 
angle with diameter between 2.7 and 4.0 mm, and a length between 11 and 18 cm, 
are sufficient to explore the middle cranial fossa and can provide a high magnifica-
tion view even of small tegmental dehiscences or bluelined superior canal defects 
[19]. In addition, endoscopic approaches may theoretically reduce the extent of tem-
poral lobe retraction as visualization of the defect will not require direct line of sight.

 Keyhole Middle Fossa Approach

A small retrospective case series investigated the success rate of a minimally inva-
sive keyhole middle fossa craniotomy [16]. This approach exposes the middle cra-
nial fossa base through a limited 1 × 2  cm craniectomy, thereby reducing the 
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retraction of the temporal lobe, need for a lumbar drain, and length of hospital stay. 
In order to additionally reduce the operating time, multilayer reconstruction was 
performed only with allogenic material, consisting of synthetic dural collagen graft 
and fetal bovine collagen dural substitute for dural repair, as well as a titanium mesh 
for the skull base. In cases of large tegmen defects, a porous polyethylene implant 
was added for additional support between the titanium mesh and the bony dehis-
cence. This resulted in an average reported operating time of 77 min [16]. A keyhole 
middle fossa approach can also be combined with endoscope-assisted visualization 
of a tegmental defect [26]. Success rates of tegmental repair procedures using this 
approach are not yet known.

 3D Printed Implants for Lateral Skull Base Repair

The search for a durable, rapid, and patient-specific reconstruction of the middle 
cranial fossa in order to minimize associated risk of extended temporal lobe retrac-
tion and anesthesia has prompted the development of 3D-printed rigid biocompati-
ble implants [4, 27]. CT imaging of the temporal bone from cadavers as well as 
three index patients was processed using a 3D modeling and segmentation program 
to create a 3D model of their temporal bones. These were then 3D printed with a 
commercial grade FDM printer using polylactic acid (PLA) or acrylonitrile butadi-
ene styrene (ABS) to visualize defects within the tegmen [4]. Tegmental plates 
matching the unique characteristics of a patients’ skull base defect were then 3D 
printed in Poly-Ether-Ketone-Ketone (PEKK), a semicrystalline thermoplastic 
material, and successfully used for intraoperative tegmen repair with a dural replace-
ment graft in three patients who underwent MFC. While placement of the personal-
ized implant significantly reduced operative time, it was limited somewhat by 
overestimation of defects in the 3D printed models [27].

 Materials

Small defects of the middle cranial fossa can be repaired by soft materials alone; 
however, there are limitations in regard to durability and support of the defect repair. 
In the past, autologous and allogenic materials such as temporalis muscle flaps, 
temporalis fascia, and dural substitutes have been described [2, 4–7]. More com-
monly, for increased support of large defects and defects involving the tegmen tym-
pani with exposed ossicular heads, these materials are now combined with a rigid 
graft, such as cartilage, calvarial bone graft, hydroxyapatite bone cement, porous 
polyethylene implants, or titanium mesh [14, 27–29].

Rigid reconstruction is less pliable and conforms less to the irregular bone of the 
lateral skull base, in addition to carrying a higher risk of injury to surrounding struc-
tures such as the temporal lobe or a dehiscent geniculate ganglion. Therefore, a 
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Table 26.1 Reconstructive materials

Material Approach References

Autologous

Temporalis fascia, in multilayer TM, MFC, CA, SCD [8, 13, 24, 29, 30]
Cartilage TM [13, 29]
Bone pate CA, TM, MFC [30, 31]
Bone particulate TM [32]
Calvarial bone graft MFC, CA, SCD [8, 15, 29, 33]
Muscle flap MFC, CA [1, 25]
Alloplastic

Bone wax MFC, SCD [1, 18, 20, 34]
Synthetic dural replacement graft MFC, CA, TM [1, 8, 14, 15, 30]
Hydroxyapatite bone cement MFC, TM, CA [8, 14]
Titanium mesh MFC [16, 24]
Porous polyethylene implant MFC [16]
Semicrystalline thermoplastic MFC [4, 27]

MFC, middle fossa craniotomy; TM, transmastoid approach; CA, combined approach; SCD, supe-
rior canal dehiscence repair

“taco technique” is frequently used, which supports rigid constructs with soft mate-
rials on either side. This also improves a watertight ‘onlay’ seal of the skull base. 
Allogenic materials may be chosen in order to reduce operating time and temporal 
lobe retraction with potential trauma to the temporal lobe [9]. They do however 
carry an increased risk of postoperative infection [8], as well as breakdown with 
disease recurrence [24]. Table 26.1 lists various materials for repair of lateral tem-
poral bone defects as they relate to the surgical approaches.

 Perioperative Considerations

Thoughtful pre- and postoperative management of patients with middle cranial 
fossa defects is essential to enable the successful repair of the defect as well as 
ensure the patient progresses through the perioperative period safely. We strongly 
recommend infectious and seizure prophylaxis during MFC, and we and others 
commonly use a CSF penetrating prophylactic antibiotic and monotherapy with an 
anticonvulsant such as Levetiracetam. Dexamethasone, osmotic diuretics (e.g., 
mannitol), loop diuretics (e.g., Lasix), and induced hypocapnia via hyperventilation 
are effective in reducing intracranial pressure and promoting temporal lobe relax-
ation during surgery [10]. For 24 h postoperatively, patients are closely monitored 
in a surgical intensive care unit or step-down bed, while assessment for changes in 
neurological status is performed. Antibiotic and anticonvulsant therapy can be 
stopped at 24 h, and many patients can be discharged home on postoperative day 1 
or 2 if doing well. Postoperative restrictions include CSF leak precautions such as 
avoidance of straining or voluntary elevation in ICP.  In general, placement of a 
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lumbar drain preoperatively to reduce intracranial pressure is not necessary in our 
practice. It is controversially discussed in the literature, as it carries a potential risk 
of tension pneumocephalus, subdural or subarachnoid hemorrhage, local site infec-
tion, and meningitis [10, 15, 35]. Postoperative lumbar drain may be necessary if 
persistent CSF otorrhea or rhinorrhea is encountered following reconstruction of the 
middle cranial fossa floor. A short period of CSF flow diversion may be helpful to 
ensure the new repair adequately seals prior to being challenged with normal or 
elevated intracranial CSF pressure.

 Conclusion

Reconstruction of the middle cranial fossa floor can be done safely and successfully 
using either a middle fossa craniotomy or transmastoid approach. Ultimately, the 
success of the utilized approach depends upon the surgeon’s comfort with the tech-
nique, the location, and extent of the disease and appropriate patient management 
during the perioperative period.
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Chapter 27
Reconstruction of Large Temporal Bone 
Defects

Michael H. Berger, Kelsey Roman, and Yarah M. Haidar

 Introduction

The complex anatomy of the lateral skull base presents unique challenges for the 
reconstructive surgeon. Defects within this region are often a consequence of tumor 
resection but may also be related to trauma, infection, congenital lesions, or necro-
sis secondary to irradiation [1]. Tumors may be either benign or malignant, with 
squamous cell and basal cell carcinomas among the more common malignancies 
[2]. Benign lesions include paragangliomas, meningiomas, schwannomas, choles-
teatomas, and granulomas [3].

Although many lesions of the lateral skull base are small and uncomplicated, 
larger tumors may place critical anatomical structures at risk. They may involve the 
cranial cavity, the middle ear, or the parotid gland and overlying facial nerve plexus. 
Depending on the size and location of the tumor, surgical management may require 
temporal bone resection, ablation of the external auditory canal or middle ear, par-
tial or total parotidectomy, and facial nerve sacrifice. The loss of these structures 
coupled with resulting large volume defects leaves patients with devastating func-
tional and aesthetic deficits that are challenging to resolve.

Because these complex lesions are rare, algorithms for surgical management are 
limited. However, reconstruction of the lateral skull base has several important 
goals. First, extracranial and intracranial spaces must be separated to prevent cere-
brospinal fluid leakage [2]. With advancements in tissue transfer techniques, vascu-
larized tissue has become the gold standard to achieve a watertight dural seal [2, 4, 
5]. It can also be used to eliminate dead space within the surgical defect to optimize 
tissue contour and promote wound healing. In cases of partial or total auriculec-
tomy, auricle reconstruction and positioning also becomes a concern [6]. Facial 
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nerve reanimation may be indicated for patients with facial paralysis secondary to 
resection or other injury. The surgeon may also face challenges posed by patient- 
specific factors like prior skull base surgery or planned radiation therapy [7].

This chapter discusses reconstruction of lateral skull base defects with an empha-
sis on vascularized tissue and facial nerve reanimation. We review the relevant 
regional anatomy, discuss reconstructive goals and complications, and present cur-
rent standards for local, regional, and free tissue transfer.

 Anatomy of Lateral Skull Base

In 1993, Irish et al. proposed three anatomical regions of the skull base according to 
common tumor growth patterns and surgical approaches for resection [8]. Region I 
is located in the anterior cranial fossa and includes the area from the clivus to the 
foramen magnum. Region II involves the middle cranial fossa, the infratemporal 
fossa, and the pterygopalatine fossa. Region III, which mainly consists of the tem-
poral bone, includes the posterior cranial fossa and part of the middle cranial fossa. 
Here, we focus on the anatomy of regions II and II, which comprise the lateral 
skull base.

Region II begins at the posterior orbital wall, extends to the petrous part of the 
temporal bone within the middle cranial fossa, and communicates with the infra-
temporal and pterygopalatine fossae [8]. The internal carotid artery passes through 
region II via the carotid canal. Other key structures include the maxillary (V2) and 
mandibular (V3) branches of the trigeminal nerve. V3 exits the skull base through 
the foramen spinosum to enter the infratemporal fossa, which lies deep and inferior 
to the zygomatic arch and deep to the ramus of the mandible. The chorda tympani 
of the facial nerve (CN VII), otic ganglion, and maxillary artery are also located 
here. The maxillary artery passes from the infratemporal fossa into the pterygopala-
tine fossa deep to the apex of the orbit, where it is joined by V2 as it exits the cra-
nium via the foramen rotundum. Region II tumors originating in the infratemporal 
or pterygopalatine fossa may invade the middle cranial fossa through one of these 
cranial foramina [8].

Skull base region III encompasses the posterior region of the middle cranial 
fossa and the posterior cranial fossa [8]. Major structures include the internal jugu-
lar vein, the glossopharyngeal nerve (CN IX), the vagus nerve (CN X), and spinal 
accessory (CN XI), which pass through the jugular foramen. Medial to the jugular 
foramen is the hypoglossal canal, which conveys CN XII. The facial nerve (CN VII) 
and vestibulocochlear nerve (VIII) pass laterally through the internal acoustic 
meatus. Region III tumors that originate within or around the temporal bone may 
extend into the middle or posterior cranial fossae [8].

The tortuous anatomy of the facial nerve (CN VII) is an important consideration 
in surgery of the lateral skull base. The facial nerve passes from the internal acoustic 
meatus into the facial canal and proceeds a short distance within the temporal bone 
before turning abruptly to course along the medial wall of the tympanic cavity. 
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Inside the facial canal, it gives off the greater petrosal nerve, the nerve to the stape-
dius, and the chorda tympani. It then exits the cranial cavity via the stylomastoid 
foramen, gives off the posterior auricular nerve, and enters the parotid gland. After 
it pierces the gland, the facial nerve typically bifurcates into two trunks, which fur-
ther divide into the five major branches of the parotid plexus: the temporal, zygo-
matic, buccal, marginal, and cervical branches. However, there is significant 
anatomical variation in branching patterns [9]. These nerves course through the 
tissue of the parotid gland superficial to the retromandibular vein and external 
carotid artery and ultimately terminate on muscles of facial expression. Surgical 
management of parotid gland tumors typically requires complete or partial resection 
of the gland. In addition, advanced parotid tumors may necessitate sacrifice of the 
facial nerve [9].

The lateral skull base is also associated with the middle ear, which is implicated 
in many pathologies requiring surgical management. The tympanic cavity of the 
middle ear is an irregularly shaped six-walled space located within the petrous por-
tion of the temporal bone below the middle cranial fossa. It contains three auditory 
ossicles, which communicate with the tympanic membrane laterally and the oval 
window medially to transmit sound into the inner ear. The tympanic cavity is sepa-
rated from the middle cranial fossa superiorly by a thin layer of bone called the 
tegmen tympani. Damage to this region can lead to dura injury and CSF leak-
age [10].

 Important Considerations for Reconstruction

The intricate anatomy of the lateral skull base presents reconstructive challenges. 
Surgical management of pathologies in this region may involve partial or total 
parotidectomy with or without facial nerve sacrifice, external auditory canal resec-
tion, and partial or total resection of the temporal bone. Dural exposure is often 
necessary but risks cerebrospinal (CSF) fluid leakage. An effective reconstructive 
approach will eliminate communication between intracranial and extracranial 
spaces and optimize tissue coverage within the defect to preserve function and cos-
mesis. Technical considerations include CSF leak prevention, elimination of dead 
space with vascularized tissue transfer, and auricle reconstruction.

Malignancies limited to the cartilaginous or bony ear canal are generally treated 
with lateral temporal bone resection, selective neck dissection, and parotidectomy, 
with the resulting defects often amenable to primary closure of the ear canal and 
filling the temporal bone defect with abdominal fat. However, it is important to note 
that fat grafts will atrophy with time and when postoperative radiotherapy is 
required, so overpacking of the defect is generally necessary [11].

Auricle reconstruction is an important consideration following partial or total 
auriculectomy and in cases where the external ear has been surgically displaced to 
access underlying structures. Advanced cases requiring total or subtotal temporal 
bone resection may necessitate sacrifice of the external auditory canal and pinna 
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with prosthetic reconstruction, particularly in patients with risk factors for tissue 
necrosis like prior or planned radiation therapy [12]. When possible, preserving all 
or part of the auricle results in better cosmetic and functional outcomes. Canaloplasty, 
meatoplasty, and stenting of the external auditory canal can help prevent complica-
tions like canal stenosis and otitis externa [1]. Necrosis of the auricular tissue is less 
likely to occur when its collateral blood supply is well preserved [1, 6].

In cases of subtotal auriculectomy, auricle repositioning can be challenging due 
to underlying bony and soft tissue defects. Tissue transferred during reconstruction 
tends to droop over time postoperatively, pulling the auricle downward such that the 
two ears become vertically asymmetrical [8]. Optimal long-term positioning of the 
external ear depends on careful preoperative and intraoperative planning. If all or 
part of the temporal bone remains after resection, the dermis of the transferred tis-
sue should be rigidly sutured to the underlying bone to prevent displacement of the 
auricle over time [6].

Reconstruction becomes more complicated, and CSF leak is encountered and is 
associated with higher patient morbidity and greater hospital expense [5]. The sur-
geon must establish a watertight dural seal by creating a tissue barrier between the 
exposed dura and the external environment. Free abdominal fat or skin grafts may 
be used to seal small defects but often are inadequate in large defects. Vascularized 
tissue transfer has become the reconstructive method of choice for preventing CSF 
leak complications associated with larger defects [2, 5, 7].

Vascularized tissue is also used to eliminate dead space within the surgical 
defect, which reduces postoperative complications and improves tissue contour to 
maximize the aesthetic outcome. Reconstructive options are diverse and include 
local tissue flaps, regional flaps, and free flaps. Flap selection depends on the size 
and location of the skull base defect. Donor site morbidity and total operating time 
are additional considerations.

 Reconstructive Methods

 Local Tissue Flaps

Local tissue is harvested from regions directly abutting the defect and remains con-
nected to the local blood supply. Because the flap is advanced directly into the 
defect, it has the advantage of low morbidity and requires less operating time to 
complete [1]. However, local tissue is often only suitable for filling smaller defects 
because it usually provides less bulk than regional or free flaps. In cases of smaller 
defects, local tissue reconstructive options include pericranial flaps [13–15], galeal, 
or galeal-myofascial flaps [16], though these flaps are not traditionally used for 
lateral skull base defects given difficulty of reach [2]. Cervicofacial advancement 
flaps may be used as well but are limited in patients with history of prior irradiation 
to the neck or heavy smokers; additionally, they lack sufficient bulk to fill large 
defects effectively [17].
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Fig. 27.1 Panel (a) represents the surgical defect after a lateral temporal bone resection. Panel (b) 
demonstrates the temporalis flap (yellow arrow) and the temporoparietal fascia flap (green arrow) 
raised. In panel (c), the temporalis flap (yellow arrow) is used to fill the lateral temporal bone 
defect, and the temporoparietal fascia flap (green arrow) is used to reduce temporal hollowing. 
Panel (d) shows the reconstruction 6 months postoperatively

For small lateral skull base defects, temporalis muscle flaps are a good option 
given its relative proximity to the expected defect (Fig. 27.1) [1]. The temporalis 
muscle flap vascular supply is derived from the anterior and posterior branches of 
the deep temporal artery, with additional blood supply from the middle temporal 
artery, which is itself a branch of the superficial temporal artery [12]. When har-
vested, the temporalis muscle flap can provide a length of 12–16 cm, a thickness of 
0.5–1.0 cm, and a surface of 4 × 5 cm [18]. Morbidity associated with the temporalis 
muscle flap includes temporal hollowing and alopecia, though techniques to reduce 
postoperative temporal hollowing have been described, including preservation of 
the anterior portion of the muscle, preservation of the temporal fat pad, and postop-
erative fat transfer to the temporal fat pad [19]. While the temporalis muscle flap is 
a myofascial flap, a split thickness skin graft can be placed over the muscular fascia 
when a cutaneous defect is present.
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Fig. 27.2 Panel (a) demonstrates the sternocleidomastoid flap raised. The sternocleidomastoid 
flap is then used to reconstruct the lateral temporal bone defect in panel (b)

Similar to the temporalis muscle flap, the temporoparietal fascia flap (TPFF) 
may also be used in skull base reconstruction. The vascular supply is from the 
superficial and middle temporal arteries, in addition to the occipital and posterior 
auricular arteries [20]. Important risks of flap harvest include injury to the frontal 
branch of the facial nerve as well as alopecia [3]. The temporoparietal fascia flap is 
thin but still can be used to control CSF leaks in skull base surgery, particularly 
when combined with autologous fat grafting, as discussed by Patel et  al. [21] 
Notably, the temporoparietal flap may be inadequate in size for large postresection 
defects. Similarly, in large resections or in patients with prior radiation, the vascular 
supply to the flap may be compromised. Fig.  27.1 demonstrates the use of both 
temporalis and the TPFF for reconstruction. The temporalis flap is used to recon-
struct a lateral temporal bone defect, and the TPFF is used to reduce temporal 
hollowing.

Another option for filling small defects of the lateral skull base is the sternoclei-
domastoid muscle flap (Fig. 27.2) [22]. The blood supply of the sternocleidomas-
toid muscle is from the transverse cervical artery, occipital artery, and superior 
thyroid artery. The flap is pedicled superiorly as the blood supply enters high in the 
neck [23]. The drawback of the sternocleidomastoid muscle flap is that the blood 
supply to the muscle may be impacted by a concurrent neck dissection. Similarly, in 
patients with malignant appearing cervical lymph nodes, there is a theoretical risk 
of introducing tissue that may seed tumor into the temporal bone defect [23].

 Regional Flaps

Regional pedicled myocutaneous or fasciocutaneous flaps may be employed to fill 
defects requiring a larger tissue volume or in cases where the local blood supply has 
been compromised by surgery or prior irradiation. They are harvested from the gen-
eral vicinity of the defect, remain attached by a pedicle to their original blood sup-
ply, and are rotated into the recipient site. Donor tissue from more distant regions 
may be tunneled under the skin or subcutaneous tissue to reach the defect. Regional 
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flaps are generally a good match for skin color and type at the recipient site, which 
is important from a cosmetic standpoint [1].

The lower trapezius island flap may be harvested as a myocutaneous versus a 
muscle only flap [24]. It was initially described as being based off the transverse 
cervical artery [25], but later anatomical studies noted that the dominant pedicle can 
also be from the dorsal scapular artery [26]. Therefore, the transverse cervical artery 
and the dorsal scapular artery may both need to be preserved during harvest [24]. 
Additionally, to reduce shoulder mobility, efforts should be made to preserve the 
upper trapezius fibers during harvest [11, 26]. The flap can be harvested in the lat-
eral decubitus position, but the pedicle is at risk in cases of a level 4 neck dissection 
due to potential risk of damaging the transverse cervical artery pedicle [1].

The supraclavicular flap and the pectoralis major flap both are appropriate pedi-
cled flap options that can be harvested without re-positioning the patient. The supra-
clavicular flap is a fasciocutaneous flap based off the supraclavicular vessels 
branching from the thyrocervical trunk. The advantages of the flap are excellent 
skin color and texture match, ability to reach lateral skull base, and decreased opera-
tive time compared to free flaps [27]. Additionally, given that it is based off the 
transverse cervical artery, there is a risk of pedicle injury with level 4 neck dissec-
tions [1]. Emerick et al. reported 16 patients with parotid and/or lateral skull base 
defects that were reconstructed with supraclavicular flaps, with no complete flap 
loss and only one case of partial flap dehiscence. The average flap harvested in the 
aforementioned case series was 7 × 10 cm, allowing for limited donor site defect 
with primary site closure [28]. However, with defects larger than 10–15 cm in width, 
the supraclavicular flap angiosome may be inadequate in addition to the challenge 
of primary closure with such a large skin paddle [29]. In these larger defects, the 
supraclavicular flap may be inappropriate. An additional limitation of the supracla-
vicular flap is the lack of a muscle component, which may be necessary with large 
defects particularly in those that would be at high risk for CSF leaks as vascularized 
muscle is excellent in its ability to seal off skull base defects [30].

The pectoralis major flap can be raised as a myofascial or a myocutaneous flap, 
similar to the latissimus dorsi flap. It is based off the pectoral branch of the thora-
coacromial artery. It is a frequently used flap in head and neck reconstruction as it 
is reliable and relatively easy to harvest. In lateral temporal reconstruction, it has 
traditionally been thought of as best utilized in defects inferior to the external audi-
tory canal due to concerns that the flap length would be insufficient for more cranial 
defects and would have higher propensity for venous congestion [17]. Another con-
cern with the pectoralis flap in lateral skull base reconstruction is the significant 
bulk of the flap would cause poor contour match and lead to excess tension, thus 
increasing risk of flap dehiscence [29]. However, Resto et al. reported a case of eight 
lateral skull base defects superior to the temporal line reconstructed with pectoralis 
muscle flaps, and no cases of dehiscence or infection were noted [31]. Several modi-
fications were suggested in their harvest of the pectoralis flap to mitigate the com-
monly reported risks, such as extending the skin paddle over the entire length of the 
incision, dividing the motor nerves to the muscle (lateral and medial pectoral 
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nerves), and incorporating superior rectus fascia, which can be used to close the 
dural defect or suspend the flap to minimize tension [31].

The submental flap was first described in 1990 and is based off the submental 
artery and vein and can be harvested with a generous cuff of muscle that may include 
the bilateral anterior bellies of the digastric muscle and the bilateral mylohyoid 
muscles [32]. It additionally has a favorable arc of rotation, making it an ideal can-
didate for lateral skull base reconstruction (Fig. 27.3), particularly given its muscu-
lar component that can be used to fill larger defects. A series of 31 patients with 
lateral temporal bone defects was presented by Howard et  al., with 16 of these 
patients having a submental flap to reconstruct. The remaining patients were either 
reconstructed with pedicled latissimus dorsi flaps or anterolateral thigh free flaps. In 
the series, there was 100% survival of the submental flaps. Additionally, the sub-
mental flaps had a shorter operative time and hospital stay compared to free flaps 
and were less likely to require debulking procedures compared to latissimus dorsi 
and anterolateral thigh flaps [30]. Notably, the submental flap may not be available 
in all cases, as the vascular pedicle can be damaged in patients who have received 
prior or concurrent level 1A or 1B neck dissections, prior reconstructive procedures, 
or prior radiation [29].

The latissimus dorsi flap can be raised as a myocutaneous versus a muscle only 
flap and is based off the thoracodorsal artery and vein. It has the largest surface area 
and greatest arc of rotation of all pedicled flaps, so it has utility in coverage of large 
cephalad defects, such as a temporal bone defect [30, 33]. This flap can be raised as 
a pedicled or as a free flap. One drawback to the pedicled latissimus flap is the need 
to place the patient in the lateral decubitus position as well as risk of kinking the 
pedicle while rotating the flap cephalad. Additionally, as is the case with pedicled 
flaps, there is a risk of partial flap necrosis, with the most likely location of necrosis 
at the flap tip, which would most likely correspond with the location of the defect 
being covered [34]. However, techniques have been described to increase the reach 

a b c

Fig. 27.3 Panel (a) shows the submental vessels isolated for submental flap. Panel (b) demon-
strates the submental flap rotated for closure of right temporal bone defect. Panel (c) shows the 
same patient 2 years postoperatively
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of a pedicled latissimus flap, including an otter-tail skin paddle design allowing 
inclusion of more perforators, preservation of circumflex scapular branches from 
the subscapular artery, and keeping the latissimus tendon attached until pedicle dis-
section is completed to prevent inadvertent traction injury to the pedicle [33]. The 
latissimus dorsi flap may also be raised as a free tissue transfer as well, which miti-
gates the risk associated with attempts at reaching the pedicled flap across a long 
distance.

For very large surgical defects, local and regional flaps may fail to provide suf-
ficient tissue bulk to obliterate dead space and restore tissue contour. Regional 
transfer may also may not be an option when local tissues have been compromised 
by radiotherapy or if the arc of rotation for regional flaps is limited to close the 
respective defects [19, 35]. In these cases, reconstruction with free tissue trans-
fers—or free flaps—is preferred [35, 36].

 Free Flaps

A free flap is a section of tissue taken from a donor site remote from the recipient site. 
The donor tissue must contain intact vasculature that can be anastomosed with vessels 
at the recipient site. Common free flap donor sites for lateral skull base reconstruction 
include the radial forearm, anterolateral thigh, and rectus abdominis muscle, though 
many other sites may be considered [1]. No longer dependent on local tissues, the 
surgeon has more reconstructive freedom when working with free tissue. The flap can 
be tailored to fit the unique parameters of the skull base defect. However, free flaps are 
associated with greater donor site morbidity, longer operating times and hospital 
stays, and higher failure rates than other types of tissue transfer [37].

The radial forearm free flap (RFFF) is commonly used in head and neck recon-
struction, given its reliability, large vessels, and favorable vessel geometry. It is a fas-
ciocutaneous flap based off of the radial artery. Given the thin, pliable nature of the 
RFFF, it has been proposed that its primary use in lateral skull base reconstruction 
should be for small defects as its soft tissue component would be inadequate for larger 
defects [38]. However, in a series of 17 patients with lateral skull base defects requir-
ing free tissue transfer, radial forearms were used with a “double layer” technique 
modification, in which a large fat pad is incorporated surrounding the proximal pedi-
cle in addition to the skin paddle. In this way, the authors obtained a bulkier flap than 
typical and used the fat component to fill the lateral skull base defect [39]. The authors 
noted excellent outcomes that were favorable when compared to other commonly 
used free flaps for lateral skull base defects. An additional benefit of the RFFF is the 
ability to harvest the median antebrachial cutaneous nerve or the palmaris longus, 
which may be used if immediate facial reanimation is to be attempted [1].

The rectus abdominis flap has been one of the workhorses for lateral skull base 
reconstruction given the ability to harvest a skin and muscle to obliterate postsurgical 
defects [29]. It is supplied by the inferior epigastric artery and is harvested with the 
patient in the supine position, allowing for a two-team approach. The pedicle length is 
roughly 8–10 cm but with an extended intramuscular dissection, up to a 19 cm pedicle 
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length may be achieved [40]. Other advantages of the flap include that the donor site 
can be closed primarily, and an additional devascularized fat graft can be harvested 
from the same incision if further bulk is necessary to fill the lateral temporal bone 
defect. However, there are well-described morbidities associated with the rectus flap, 
including abdominal hernias, bulges, and weakness [41]. Prior studies have promoted 
the use of the rectus abdominis flap [34, 42]; however, other authors have found higher 
morbidity and high rate of revision of flaps with rectus flaps compared to other free 
flaps, particularly the anterolateral thigh flap [38].

The anterolateral thigh (ALT) free flap may be raised as a fasciocutaneous or a myo-
cutaneous perforator flap, depending on the extent of the defect. The muscle component 
of the flap when utilized is the vastus lateralis. The blood supply is derived from the 
descending branch of the lateral femoral circumflex artery. It allows for a similar size 
skin paddle compared to the rectus flap, but proponents of the ALT feel it better matches 
the contour lateral skull base defects [2, 38]. Additional advantages include the ability to 
simultaneously harvest tensor fascia lata grafts, nerve grafts, and vein grafts from the 
same incision [43]. The ALT is also be harvested in the supine position, allowing for a 
two-team approach, and has low donor site morbidity allowing for early ambulation 
[44]. The ALT also is unique in its ability to be thinned down to a thickness of about 
0.5 cm [45], allowing the flap to be adjusted to better match the contour of the defect. 
Given the aforementioned features of the ALT, it has gained favor at multiple institutions 
as a primary means of reconstruction for moderate to large-sized lateral skull base 
defects [7, 19, 38, 46]. Figs. 27.4 and 27.5 demonstrate the use of the ALT for recon-
struction in lateral temporal bone defects.

a b

Fig. 27.4 Panel (a)—anterolateral thigh flap after inset intraoperatively. Panel (b)—the same 
patient 2 years postoperatively
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Fig. 27.5 Panel (a) represents a large lateral temporal bone defect intraoperatively. The defect was 
closed with an anterolateral thigh free flap, with the reconstruction shown in Panel (b) at postop-
erative day 1

 Approach to Reconstruction

It is difficult to determine a precise algorithm that can be employed consistently 
across all lateral skull base defects, particularly given that multiple reconstructive 
methods may be suitable. Rosenthal et  al. introduced a classification system for 
lateral skull base defects. Class I defects consisted of preauricular defects with skin 
loss and preservation of the external auditory canal, with or without a mastoidec-
tomy. In Class I defects, the authors proposed local tissue advancement versus 
RFFF for reconstruction. Class II defects involved lateral temporal bone resection 
with middle ear obliteration but with preservation of most of the auricle. In these 
defects, the authors proposed using ALT versus RFFF for reconstruction. Finally, 
Class III defects included lateral temporal bone resections, total auriculectomy with 
middle ear obliteration and with or without a parotidectomy. For these larger defects, 
the authors proposed use of ALT versus rectus abdominis for reconstruction [38].

While such a classification system is helpful in categorizing lateral skull base 
defects, it primarily favors free tissue transfer in reconstruction. Richmon et al. pro-
posed an algorithm categorized based on the size of temporal bone defect and 
involvement of skin and auricle. In small temporal bone defects with intact skin and 
auricle, free fat graft alone or TPFF is recommended. In large temporal bone defects 
with intact skin and auricle, the temporalis flap, TPFF, and possible fat graft are 
recommended. If there is skin loss but the external auditory canal is preserved, the 
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RFFF, supraclavicular flap, and temporalis flap with or without a skin graft are rec-
ommended. If there is a lateral temporal bone resection and partial auriculectomy, 
the RFFF, ALT, supraclavicular flap, and temporalis with or without skin graft and 
recommended. Finally in lateral temporal bone resections with total auriculectomy 
and parotidectomy, the recommended reconstructive methods include the RFFF, 
ALT, rectus abdominis, or latissimus flaps [1].

Hanasono et al. similarly suggested that in small defects near the ear and mastoid 
region, a temporalis flap can be used, with resultant decreased surgical times and 
decreased hospital stays when compared to free flap patients. However, they further 
note that in patients with prior radiation or patients with prior surgery in region or 
patients with large defects, free flap reconstruction should be favored, with prefer-
ence for the ALT [19]. In contrast, other centers have advocated for the use of 
regional pedicled flaps, including the submental and supraclavicular flap in particu-
lar cases as opposed to free tissue transfer [28, 30].

Patel et al. also proposed an algorithm for lateral skull base defects [22]. In their 
approach, patients without anticipated postoperative radiation, preservation of the 
auricle, and lack of CSF leak (or a CSF leak without a large dural defect), a nonvas-
cularized fat graft, versus temporalis flap, versus primary closure with or without a 
skin graft would be sufficient for reconstruction. However, any patient with a CSF 
leak with a large dural defect should have reconstruction with a free or pedicled flap. 
They further discuss that defects well above the zygomatic arch should have free 
flap reconstruction as opposed to pedicled flap reconstruction, given the anticipated 
challenge of poor reach in the pedicled flap group.

There is no widely accepted consensus for reconstruction of lateral skull base 
defects, as demonstrated by the variability in the literature in terms of approaches. 
However, when weighing the options for possible reconstructions, consideration 
should be made for patient comorbidities, prior or anticipated radiation, prior sur-
gery, volume of defect, presence of CSF leak, patient goals, and surgeon comfort 
with particular methods.
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Chapter 28
Postoperative Management Following 
Skull Base Reconstruction

Peter Papagiannopoulos, Pete S. Batra, and Bobby A. Tajudeen

 Introduction

Anterior skull base cerebrospinal fluid (CSF) leaks may be congenital, iatrogenic, 
traumatic, or spontaneous, related to benign intracranial hypertension. Repair of 
these lesions is of clinical imperative for prevention of complications including 
pneumocephalus, meningitis, or intracranial abscess [1]. Historically, these defects 
were repaired by neurosurgeons through a transcranial approach for adequate visu-
alization, which requires a large degree of brain retraction for access to the skull 
base [1, 2]. However, in the last 20 years, there has been significant advancement in 
the endoscopic endonasal approach (EEA) to the skull base. While the endoscopic 
approach was initially used for endoscopic sinus surgery (ESS), indications quickly 
expanded to include endoscopic repair of encephaloceles as well as resection of 
sinonasal tumors, pituitary lesions, and, more recently, completely intracranial 
lesions such as meningiomas and craniopharyngiomas [3–7]. Technical and techno-
logical advancements have even allowed for application of the EEA techniques to 
anterior skull base surgery and CSF leak repair in pediatric patients as young as 23 
months [3] (Figs. 28.1 and 28.2).

These endoscopic advancements are largely due to increased anatomic under-
standing, newly developed sinonasal instrumentation, and improved image- guidance 
systems. Additionally, advancements in successful skull base reconstruction include 
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Fig. 28.1 23 month old 
female with 
craniopharyngioma 
extending into the 
suprasellar cistern. T1, 
contrast enhanced MRI, 
sagittal view

Fig. 28.2 Post-operative 
MRI, T1, contrast 
enhanced. 3 months after 
EEA with gross total 
resection, CSF leak 
reconstructed with fat, 
fascia lata underlay and 
NSF overlay with fibrin 
glue sealant. Note NSF 
enhancement with contrast

the development of novel synthetic grafting materials and vascularized pedicled 
flaps [8], which have been covered in detail elsewhere in this text. Critical to suc-
cessful reconstruction is effective postoperative management, which will be the 
focus of this chapter.
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 Skull Base Reconstruction Intranasal Bolstering

 Sealant Layer

Once the final layer of closure of the skull base defect has been positioned (nasosep-
tal flap, free mucosal graft, etc.), it is critical to stabilize the graft in the desired 
position to promote healing and to ensure a good seal against the skull base so as to 
avoid the risk of graft migration. Tissue sealants are frequently used as a final step 
of the reconstruction [5, 9]. There are several commercially available tissue sealants 
that have been evaluated with in vitro and in vivo models [10].

Within the broader category of tissue sealants, there are both fibrin-based and 
non-fibrin sealants. Fibrin-based sealants Beriplast (CSL-Behring, Tokyo, Japan) 
and Tisseel (Baxter Inc., Mississauga, ON, Canada) stimulate the final phase of the 
coagulation cascade while non-fibrin sealants Bioglue (Cryolife Inc., Kennesaw, 
GA) and Duraseal (Integra LifeSciences Corporation, Plainsboro, NJ) function as a 
tissue glue. For both types of sealants, studies show improved graft adherence and 
overall increased ability to withstand burst pressure compared to the control arm 
[10–12] and, therefore, are widely used as part of a multilayer closure of skull base 
reconstructions (Fig. 28.3).

Despite the ability of sealants to increase the ability to withstand pressure, the 
evidence to support their use in skull base reconstruction is limited to small, single- 
institution, retrospective studies [10–12] limiting broad recommendations regarding 
tissue sealants. Despite this lack of evidence, they are commonly used as part of a 
robust multilayered reconstruction.

Fig. 28.3 Tissue sealant 
being used the stabilize a 
nasoseptal flap being used 
to reconstruct a right 
sphenoid defect

28 Postoperative Management Following Skull Base Reconstruction
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 Nasal Packing

Nasal packing is often used to line the nasal and sinus cavities at the conclusion of 
endoscopic skull base surgery. There are several theorized benefits for nasal pack-
ing: first, to promote hemostasis; second, to provide a barrier to avoid pneumo-
cephalus should positive pressure ventilation be emergently required; and third, and 
most importantly, to act as a bolster to decrease the risk of graft migration and to 
provide physical support of the reconstruction. This allows time for epithelization 
of the defect and for fortification against rapid changes of intracranial pressure in 
the immediate postoperative due to straining or vomiting [13].

There are both absorbable and nonabsorbable options for nasal packing. 
Absorbable options include Surgicel, Nasopore (Stryker, Kalamazoo, MI), Gelfoam 
(Pfizer Inc., New  York, NY), and Merogel (Medtronic, Minneapolis, MN). 
Nonabsorbable packing products include Telfa (Kendall Company, Walpole, MA) 
Merocel sponges (Medtronic, Minneapolis, MN), Xeroform strip gauze, and finally 
Foley catheter balloon for buttressing of the skull base. Nonabsorbable packing 
requires removal and antibiotic prophylaxis.

The decision and the type of packing used is based on surgeon preference. 
Although there are theoretical benefits and deterrents for use of packing, the scien-
tific literature investigating this issue is not adequate to make any definitive conclu-
sions [10].

 Postoperative Imaging

The need for immediate postoperative imaging (within 24–72 h) to identify compli-
cations or residual disease is often ordered on a patient-specific basis [10]. CT brain 
without contrast can help identify pneumocephalus or intracranial hemorrhage. 
MRI scans with and without contrast are used to assess for residual disease although 
this may be limited due to postop inflammation and packing materials.

Recent studies have tried to assess whether imaging can help detect postopera-
tive CSF leak, which remains the most common complication following endoscopic 
skull base surgery. A recent meta-analysis showed a fairly low postoperative leak 
rate of 2% in endoscopic trans-sphenoidal surgery for pituitary lesions [14] but a 
postoperative leak rate as high as 22% and 25% for chordomas and meningiomas, 
respectively [15]. While high volume skull base centers tend to have much lower 
postoperative CSF leak rates [4, 16] for these extended skull base approaches, CSF 
leak still remains the most common postoperative complication.

Studies assessing the ability of imaging to detect CSF leak have largely been 
expert opinion papers [10] and while contrast-enhanced MRI can determine whether 
a nasoseptal flap is perfused, it does not necessarily correlate with a decreased rate 
of postoperative CSF leak [17].

As a result, identifying CSF leaks continues to be largely a clinical diagnosis.

P. Papagiannopoulos et al.
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 Skull Base Precautions

The research available assessing postoperative skull base precautions is largely 
expert opinion, and each skull base center tends to have its own regimen, making it 
difficult to formulate definitive recommendations. At our institution, if a CSF leak 
was repaired, the patient’s head of bed is kept elevated at 30°, and systolic blood 
pressure is regulated to be less than 140 mmHg, if possible, for the first 48 h post-
surgically. The patient is typically monitored on surgical floor unless the patient 
requires ICU level care typically for lumbar drain management or for ICU level care 
after removal of an intracranial tumor.

Skull base reconstruction typically includes a period of bedrest, 48 hours postop-
eratively. Additionally, the use of antiemetics and cautious advancement of diet to 
avoid emesis is critical. Further, it is important the patient is given instructions to 
avoid Valsalva maneuvers, nose blowing, bending at the waist, or lifting anything 
heavier than 20 pounds. Stool softeners are also very commonly used in the postop-
erative period, if needed. Typically, these precautions are extended for a duration of 
6 weeks.

 Antibiotics

Judicious use of antibiotics is an important consideration given the inherently con-
taminated nature of the paranasal sinuses and potential intracranial infectious 
sequela from surgery. The presence of a normal sinonasal microbes and, in patients 
with sinusitis, pathogenic bacteria portends a theoretical risk of postoperative intra-
cranial infection with these procedures [10]. However, despite this, the risk of post-
operative meningitis is low [18], and antibiotic use has several risks, including 
adverse effects, allergic reaction, disruption of the normal gastrointestinal flora, and 
development of drug-resistant organisms [18].

Further, the literature for perioperative antibiotics in endoscopic skull base sur-
gery is limited by being largely retrospective in nature, not having consistent pathol-
ogy, and not having consistent antibiotic regimens between studies [19–21]. As a 
result, this does not allow for definitive conclusions regarding the safety and impact 
of antibiotics on postoperative infectious complications [10].

The studies available do suggest a low rate of meningitis with short-term periop-
erative antibiotics and as a result should be considered postoperatively [19–21]. A 
higher rate of infectious complications has been found in patients with postopera-
tive CSF leak and those undergoing surgery for malignancy, and therefore, there 
may be a larger role of antibiotics in these settings. Further, for those surgeons 
choosing to use nonabsorbable packing material, antibiotics should be considered 
until removal of the packing.

28 Postoperative Management Following Skull Base Reconstruction
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At our institution, we give ceftriaxone intraoperatively and then for 48 h postop-
eratively before transitioning to Augmentin until nonabsorbable packing is removed, 
typically for 10–14 days.

 Lumbar Drain

In most cases of skull base surgery, routine placement of lumbar drain in the post-
operative period is not needed given the preponderance of potential harm over ben-
efit [10]. Potential negative effects of lumbar drain include potential for post-spinal 
headaches, which may require blood patch, meningitis, pneumocephalus, retained 
catheter fragment, and complications of intracranial hypotension. However, lumbar 
drain usage can be considered for administration of intrathecal fluorescein and to 
confirm water-tight closure. Further, it may be of utility in high-risk cases, such as 
difficult anatomic sites (i.e., lateral pterygoid recess of sphenoid, clivus), high-flow 
cerebrospinal fluid leaks, or patients with extremely high BMIs and should be deter-
mined on a case-by-case basis [10].

 Debridement

The schedule for follow-up nasal debridement after endoscopic skull base surgery 
is lacking [22]. At our institution, debridement is critical to ensure proper healing 
and to evaluate for complications such as infection and CSF leak. Patients are seen 
for their first debridement approximately 7 days after surgery. During the initial 
debridement, nasal crusting is carefully removed from the anterior portion of the 
nasal cavity to help facilitate breathing. Packing directly overlying the reconstruc-
tion is also gently removed. After this first visit, saline irrigations can be initiated to 
facilitate additional removal of nasal crusting. At the second postoperative visit, 
typically 4–6 weeks after surgery, the patient undergoes a more complete debride-
ment with continued caution at the site of reconstruction.

The patient should continue saline irrigations at least twice daily. We recommend 
following the patient endoscopically until the health of their nasal cavity (minimal 
or no crusting, non-edematous well-healed mucosa, no CSF leak) is clearly estab-
lished. Once the sinonasal cavity is well-healed, future follow-up visits are guided 
by the surveillance required for the disease process being managed.

References

1. Komotar RJ, et al. Endoscopic endonasal versus open repair of anterior skull base CSF leak, 
meningocele, and encephalocele: a systematic review of outcomes. J Neurol Surg A Cent Eur 
Neurosurg. 2013;74(4):239–50.

P. Papagiannopoulos et al.



413

2. Lindstrom DR, et al. Management of cerebrospinal fluid rhinorrhea: the Medical College of 
Wisconsin experience. Laryngoscope. 2004;114(6):969–74.

3. Khalili S, Palmer JN, Adappa ND. The expanded endonasal approach for the treatment of 
intracranial skull base disease in the pediatric population. Curr Opin Otolaryngol Head Neck 
Surg. 2015;23(1):65–70.

4. Zanation AM, et al. Nasoseptal flap reconstruction of high flow intraoperative cerebral spinal 
fluid leaks during endoscopic skull base surgery. Am J Rhinol Allergy. 2009;23(5):518–21.

5. Conger A, et al. Evolution of the graded repair of CSF leaks and skull base defects in endo-
nasal endoscopic tumor surgery: trends in repair failure and meningitis rates in 509 patients. J 
Neurosurg. 2018;130(3):861–75.

6. Karnezis TT, et al. Factors impacting cerebrospinal fluid leak rates in endoscopic sellar sur-
gery. Int Forum Allergy Rhinol. 2016;6(11):1117–25.

7. Rawal RB, et al. Endoscopic resection of sinonasal malignancy: a systematic review and meta- 
analysis. Otolaryngol Head Neck Surg. 2016;155(3):376–86.

8. Lam K, et  al. Use of autologous fat grafts for the endoscopic reconstruction of skull base 
defects: indications, outcomes, and complications. Am J Rhinol Allergy. 2018;32(4):310–7.

9. Campbell RG, et al. Cerebrospinal fluid rhinorrhea secondary to idiopathic intracranial hyper-
tension: long-term outcomes of endoscopic repairs. Am J Rhinol Allergy. 2016;30(4):294–300.

10. Wang EW, et  al. ICAR: endoscopic skull-base surgery. Int Forum Allergy Rhinol. 
2019;9(S3):S145–365.

11. Fandiño M, et al. Determining the best graft-sealant combination for skull base repair using a 
soft tissue in vitro porcine model. Int Forum Allergy Rhinol. 2013;3(3):212–6.

12. Oshino S, Saitoh Y, Yoshimine T. Withstand pressure of a simple fibrin glue sealant: experi-
mental study of mimicked sellar reconstruction in extended transsphenoidal surgery. World 
Neurosurg. 2010;73(6):701–4.

13. Hannan CJ, Kelleher E, Javadpour M.  Methods of skull base repair following endoscopic 
endonasal tumor resection: a review. Front Oncol. 2020;10:1614.

14. Thomas R, Chacko AG. Principles in skull base reconstruction following expanded endoscopic 
approaches. J Neurol Surg B Skull Base. 2016;77(4):358–63.

15. Borg A, Kirkman MA, Choi D. Endoscopic endonasal anterior skull base surgery: a systematic 
review of complications during the past 65 years. World Neurosurg. 2016;95:383–91.

16. Patel MR, et al. Beyond the nasoseptal flap: outcomes and pearls with secondary flaps in endo-
scopic endonasal skull base reconstruction. Laryngoscope. 2014;124(4):846–52.

17. Adappa ND, et al. Radiographic enhancement of the nasoseptal flap does not predict post-
operative cerebrospinal fluid leaks in endoscopic skull base reconstruction. Laryngoscope. 
2012;122(6):1226–34.

18. Lai LT, et al. The risk of meningitis following expanded endoscopic endonasal skull base sur-
gery: a systematic review. J Neurol Surg B Skull Base. 2014;75(1):18–26.

19. Milanese L, et  al. Antibiotic prophylaxis in endoscopic endonasal pituitary and skull base 
surgery. World Neurosurg. 2017;106:912–8.

20. Brown SM, et  al. Role of perioperative antibiotics in endoscopic skull base surgery. 
Laryngoscope. 2007;117(9):1528–32.

21. Orlando R, et  al. Retrospective analysis of a new antibiotic chemoprophylaxis regimen in 
170 patients undergoing endoscopic endonasal transsphenoidal surgery. Surg Neurol. 
2007;68(2):145–8; discussion 148.

22. Tien DA, et al. Comprehensive postoperative management after endoscopic skull base surgery. 
Otolaryngol Clin N Am. 2016;49(1):253–63.

28 Postoperative Management Following Skull Base Reconstruction



415© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2023
E. C. Kuan et al. (eds.), Skull Base Reconstruction, 
https://doi.org/10.1007/978-3-031-27937-9_29

Chapter 29
Management of the Postoperative Leak

Duncan C. Watley, Nyall R. London, and Nicholas R. Rowan

 Introduction

Successful closure of skull base defects during endoscopic tumor resection is of 
paramount importance. By effectively closing the pathway between the microbio-
logically colonized nasal cavity from the sterile subarachnoid space, significant 
morbidity and mortality can be avoided. Evidence exists showing increased dura-
tion of primary hospitalization, need for prolonged mechanical ventilation, postop-
erative readmission, reoperation, meningitis, pneumocephalus, and development of 
deep venous thrombosis in the setting of postoperative CSF leaks [1]. Historically, 
the incidence of meningitis following microscopic transsphenoidal and open crani-
otomy surgery is 0.7–3.1% and 0.9–2.5%. The incidence of meningitis following 
endoscopic skull base surgery in a large review performed by the Pittsburgh group 
in 2011 showed an overall rate of 1.8% [2]. Risk factors identified in this review 
included a history of previous surgery, presence of ventriculoperitoneal shunt or 
external ventricular drain, higher complexity intradural surgeries, and male sex. 
Notably, 72% of the patients that ultimately developed meningitis had concomitant 
postoperative CSF fistula. Rates of meningitis may be as high as 13% in patients 
with postoperative CSF leak, compared with 0.1% in patients who undergo uncom-
plicated endoscopic skull base surgery [3].

Though postoperative CSF leaks cannot be completely avoided, the incidence of 
postoperative CSF leak has significantly declined as surgeon familiarity with multi-
layered and vascularized reconstruction techniques has improved [4, 5]. Several 
recent studies have shown overall postoperative CSF leak rate to approximate <5% 
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[1, 5–7], but this rate varies considerably with certain patient and tumor character-
istics. The successful skull base surgical team carefully evaluates perioperative risk 
factors prior to taking their patient to the operating room for complex reconstruc-
tion. Risk factors predisposing the patient to postoperative CSF leak vary widely but 
can be roughly divided into patient and surgical characteristics.

This chapter aims to review factors associated with the formation of a postopera-
tive CSF leak, diagnostic considerations, and management strategies.

 Patient Characteristics

 Obesity

Obesity is a well-understood risk factor for both the development of spontaneous 
and postoperative CSF leak. The exact etiology of increased risk of postoperative 
CSF leaks is unknown; however, it is well known that BMI has a positive direct 
linear relationship with intracranial opening pressure [8]. Some authors have sug-
gested a theoretical pathophysiologic pathway in which obesity ultimately leads to 
decreased CSF drainage into the sagittal sinus, resulting in increased intracranial 
CSF pressure [9]. Multiple groups have identified obesity as an independent risk 
factor for postoperative CSF leak [10–15]. A large retrospective evaluation of the 
Pittsburgh experience demonstrated a significant difference in leak rate when over-
weight individuals (BMI > 25) were compared to individuals with healthy weight 
(BMI < 25) (18.8% CSF leak rate in overweight vs. 11.6% in healthy weight) [10].

 OSA

Obstructive sleep apnea (OSA) is an increasingly prevalent disease worldwide that 
provides a distinct challenge to the skull base surgeon on multiple levels. First, com-
mon symptoms of OSA such as headache, daytime sleepiness, and brain fog are 
shared presenting indicators of neurologic complication following skull base sur-
gery. Additionally, patients with OSA, especially untreated, have increased intracra-
nial pressure, thus theoretically increasing their risk of failed reconstruction [16, 17].

Repeated escalation of intra-abdominal and intra-thoracic pressure during sleep 
are hallmark for obstructive sleep apnea. Due to decreased CSF outflow and thus 
increased intracranial pressure during these events, it is suspected that OSA can 
increase the risk of graft failure. A group of healthy individuals with normal ICP 
were artificially able to increase their ICP to a mean of 32.3 cmH2O when perform-
ing a voluntary Valsalva maneuver [18]. This result is well above the normal range 
and is further evidence that apneic events followed by straining in the OSA popula-
tion may put increased tension on the reconstruction.
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Additionally, the treatment of OSA may be associated with increased risk in 
the immediate postoperative period. Application of positive pressure devices 
such as CPAP increase intranasal pressure at approximately 85% of applied 
CPAP pressure [19]. Positive pressure has the potential for disruption of the 
reconstruction site or tension pneumocephalus. Tension pneumocephalus, 
although extremely rare, has associated significant morbidity and increased 
risk of mortality. Work by Castle- Kirszbaum et al. reported two incidences in 
which positive pressure was applied to immediate postoperative ESBS patients, 
both resulting in prolonged admission and reoperation [20]. Chitguppi et  al. 
showed in a cadaver study that sellar multilayered reconstructions with a naso-
septal flap were able to tolerate CPAP with pressures up to 20 cmH2O [21], but 
this finding has yet to be confirmed in vivo [21]. Resumption of postoperative 
positive pressure therapy varies by surgical team with the majority falling 
between 2 and 6 weeks postoperatively [22].

 Radiation Exposure

Ionizing radiation is associated with poor wound healing due to tissue cellular 
depletion, stromal cell dysfunction, aberrant collagen deposition, and microvascular 
damage [23]. Intuitively, prior radiation therapy may predispose patients for failed 
reconstruction. This finding was confirmed in two large multicenter trials. Exposure 
to ionizing radiation yielded a statistically significant increased odds (2.67) for 
postoperative CSF leak [1] as well as a higher than typical rate (28.6%) [11]. 
Although both studies compiled data from multiple high-volume centers, each had 
small patient cohorts with prior irradiation. With the advent of modern radiotherapy 
techniques, continued investigation will be needed to understand the associated risk 
for postoperative reconstruction failures.

 Revision Surgery

Multiple studies in the skull base reconstructive literature have examined revision 
surgery as a potential risk factor for CSF fistula. The vast majority have shown com-
parable rates of postoperative leak in primary and revision surgery [14, 24–26]. 
Zhou et al. showed in a large series of pituitary patients, an increased rate of intra-
operative CSF leak during revision (30% revision vs. 16.4% index), but it was not 
statistically significant on multivariate analysis [6]. Additionally, no difference was 
seen on postoperative leak rates. Ultimately, the aggregate grade of evidence derived 
by international skull base guidelines on the topic was grade C in favor of no 
increased risk [27].
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 Surgical Characteristics

 Surgical Subsite

Many authors have characterized rates of postoperative CSF leaks by anatomical 
subsites, as well as the associated pathologies and respective surgical defects. In the 
following section, these subsites will be explored and will be divided into sellar, 
parasellar/suprasellar, anterior cranial fossa (ACF), and posterior cranial fossa 
(PCF) tumors.

 Sella Turcica

Much of the overall surgical subsite literature involves patients with pituitary neo-
plasms due to the relative frequency in which these lesions are seen in comparison 
to pathologies of other locations. Sellar defects have a known range of postoperative 
CSF leak rates from 0% to 13.5% [27], but many of the studies involved in this 
calculation include patients without intraoperative CSF leak, thus artificially lower-
ing their rate of postoperative leak. Fraser et al. specifically excluded patients with-
out intraoperative leak in their combined review of sellar and parasellar pathologies, 
showing an aggregate leak rate of 10% [10]. The total aggregate leak rate for pitu-
itary lesions totaled by the international skull base guidelines demonstrated a fistula 
rate of 4.8% [27].

 Parasellar/Suprasellar

Surgery beyond the sella is generally associated with greater risk of postoperative 
CSF leak rates. Parasellar defects, including the tuberculum, suprasellar space, and 
cavernous sinus, may represent additional risk. Examining the literature on the sub-
ject is challenging as many authors have combined populations of sellar tumors, 
with parasellar, and suprasellar. Two recent systematic reviews showed postopera-
tive CSF leak rates of 15.3% [28] and 21% [29] for endoscopic resection of tuber-
culum meningioma. A recent international consensus statement aggregated all 
reported parasellar tumors with an overall 9.0% postoperative leak rate [27].

 Anterior and Posterior Cranial Fossa

Tumors of the anterior and posterior cranial fossa are typically associated with 
larger surgical defects, and pathologies that often extend intradurrally. The most 
common tumors of the ACF include olfactory groove meningioma and 
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esthesioneuroblastoma, both of which are largely asymptomatic until large in size. 
In the PCF, the tightly adherent dura to the posterior wall of the clivus and proximity 
to the pre- pontine cistern often lead to high-flow CSF leaks during tumor resection. 
Zwagerman et al. showed an average dural defect of 7.2 cm in ACF and 3.8 cm in 
PCF tumor resections, which was significantly larger than any other subsite [26] 
(Figs. 29.1, 29.2, and 29.3). High flow intraoperative CSF leak patients with ACF 
and PCF tumors were at greater risk of postoperative leak compared with parasellar 
tumors (parasellar 7%, ACF 20%, PCF 22%) [26]. This difference resolved with use 
of postoperative LD use (parasellar 4.7%, ACF 11%, PCF 13%). Increased risk of 
postoperative failure was also reported in two other large systematic reviews 

Fig. 29.1 Large anterior 
cranial fossa defect 
utilizing a transcribriform 
approach

Fig. 29.2 Collagen matrix 
dural inlay used as the first 
layer of a multi-layered 
reconstruction
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Fig. 29.3 Right sided 
nasoseptal pedicled flap 
used as the final step of 
multi-layered 
reconstruction

showing a 16.5% [3] and 20% [30] CSF fistula rate in PCF tumor resections. The 
international consensus statement aggregate failure rate was 13% for ACF and 
19.1% for PCF tumors [27].

 Technical Errors

Multiple technical errors can be made during endoscopic skull base surgery that 
may contribute to failed reconstruction. First, properly positioning graft materials is 
of utmost importance. Dural underlays with synthetic or autogenic materials are 
commonly used as a part of multilayered closure. Placing these grafts is challenging 
as the entire rim of the graft must be under the edges of the dural defect. A small 
portion of the reconstructive graft that is not completely within the dura can easily 
allow egress of CSF. The grafts then must be firmly apposed to the bony defect and 
supported by packing materials. Inadequate support of the multilayered closure is a 
common source of immediate postoperative CSF leak.

Prior to reconstruction, the recipient site must be prepared by removing sinona-
sal mucosa near the bony defect. Retained mucosa can be the source of immediate 
or delayed reconstruction failure due to poor opposition of reconstructive layers to 
the bone and evolving mucocele formation. Additionally, meticulous hemostasis 
should be achieved to decrease risk of pooling between layered reconstructive ele-
ments. Blood retained under vascularized flaps can lead to flap migration in the 
postoperative period.

Finally, some grafting materials may be inadvertently porous as a result of failure 
during production, in the case of artificial materials, or during harvest, in the case of 
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autologous tissue. For instance, traumatic elevation of a nasoseptal flap off of a 
deviated nasal septum may result in an inadvertent tear or perforation of the vascu-
larized flap. Nonetheless, several authors have demonstrated that although perhaps 
increasing risk of postoperative CSF leak, these vascularized flaps remain a reliable 
option for reconstruction [31].

 Identification and Localization of Postoperative CSF Leak

Early identification of postoperative CSF leaks is of paramount importance to the 
skull base surgeon due to the evolving risk of intracranial complications including 
infection and pneumocephalus. Conservative, nonsurgical management of iatro-
genic or traumatic CSF leaks has an established meningitis rate of 10%–37% in the 
literature [32–35]. The risk of meningitis increases the longer the fistula persists 
with one report showing 1.3% risk added per day for the first 2 weeks [33]. This 
finding is in line with a robust retrospective cohort that reported meningitis in 13% 
of patients with a postoperative CSF leak [2]. Accurate identification and localiza-
tion of the postoperative leak is of utmost importance in the prompt management of 
the complication. Commonly used techniques to confirm the presence of CSF in the 
postoperative patient include physical exam with or without accompanying provo-
cation maneuvers, nasal endoscopy, high resolution CT, and laboratory evaluation 
including β2-transferrin.

 Physical Exam

Physical exam findings when attempting to identify a postoperative CSF leak range 
from diagnostic, such as in the case of a high-volume leak with persistent continu-
ous clear anterior or posterior nasal drainage that worsens with provocation, to 
subtle. Bedside endoscopy can be extremely useful in visualizing the location of the 
leak or shifted reconstructive elements in the postoperative patient. It additionally 
can be further improved by having the patient perform a Valsalva maneuver while 
visualizing the reconstruction. Placing the patient in a Trendelenburg position is 
also useful due to associated increase in intracranial pressure. Physical exam and 
full visualization of the reconstruction may be limited by nasal packing in the post-
operative patient. Endoscopy in the operating room with removal of packing is 
appropriate for patients with high clinical suspicion for CSF leak.

Additionally, the historical “halo sign” is a physical exam test used for many 
years to identify CSF admixed with blood. When the two fluids are dripped onto a 
white medium, they will separate forming a rim of clear fluid surrounding a central 
patch of red blood. The accuracy and reproducibility of this test has been called into 
question by many texts as many clear fluids mixed with blood will separate with the 
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same halo effect. Dula et  al. showed blood mixed with CSF, normal saline, tap 
water, and typical nasal rhinorrhea all produced halo signs on white filter paper [36]. 
Due to the high potential for misdiagnosis, the use of the halo sign for CsF leak 
confirmation should be avoided [37].

 Laboratory Investigation

Two immunologic laboratory assays can be performed on collected nasal drainage 
suspected to be cerebrospinal fluid. These laboratory examinations rely on protein 
compositional differences between CSF and other bodily secretions.

 β-Trace Protein

First, β-trace protein, a secretory protein involved in transportation of small lipo-
philic substances within the CSF, is often utilized as a biomarker for CSF. β-Trace 
protein is found both in CSF and serum but at vastly different concentrations [38]. 
Exceptional cases in which the biomarker is unreliable include end-stage renal dis-
ease and bacterial meningitis [39]. It has a tested sensitivity of 91–100% and speci-
ficity of 93–99% [40, 41]. Although extremely useful, this laboratory exam is only 
performed in Europe.

 β2-Transferrin

β2-Transferrin is the second biomarker used and is exclusively performed in 
the United States. It is a brain-specific form of transferrin involved in the trans-
portation and utilization of iron. It has been identified in CSF, perilymph, and 
aqueous humor and is notably absent from serum in normal healthy adults [42]. 
Exceptional cases in which the protein may be found in serum are patients with 
chronic alcohol-related cirrhosis and inborn errors of glycoprotein metabolism 
[43, 44]. Analysis for the presence of the biomarker is possible with as little as 
0.17 mL of collected fluid [45]. Skull base procedures with known intraopera-
tive CSF leaks have the potential to increase the rate of false-positive results as 
the protein may be found in the patient’s rhinorrhea for some time [46]. 
In-house testing for this protein can lead to rapid identification of CSF leak, 
but many hospitals use outside laboratories, which may take several days to 
result. β2-Transferrin has a tested sensitivity of 93–99% and specificity of 
95–97% [41, 47].
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 Imaging

 High-Resolution Computed Tomography

High-resolution computed tomography (HRCT) is typically the first imaging choice 
selected during the workup for postoperative CSF leak. It provides high resolution 
of sinonasal anatomy and excellent reproduction of bony architecture. Not only is 
HRCT readily available in most hospital settings, it is typically much less costly 
($504) when compared to both radionuclide cisternography ($2800), magnetic reso-
nance cisternography ($1800), and CT cisternography ($1800) [48]. Radiologic 
signs worrisome for CSF leak when seen on HRCT include expanding pneumo-
cephalus, obvious bony defects without corresponding graft coverage, and enhance-
ment surrounding reconstructive layers on contrasted images.

The reported sensitivity and specificity vary significantly depending on the study, 
but a recent metanalysis showed sensitivity from 44% to 100% and specificity from 
45% to 100% with the majority of articles in the upper range [37]. Some authors 
recommend routine postoperative HRCT for early detection of postoperative com-
plications including pneumocephalus, CSF leak, and intracranial bleeding [49, 50]. 
Nadimi et al. showed in their retrospective review that routine postoperative imag-
ing was generally not helpful and of the patients that did ultimately develop surgical 
complications all exhibited clinical symptoms such as persistent rhinorrhea, nausea, 
vomiting, headache, or altered mental status [51].

 Magnetic Resonance Imaging

Magnetic resonance imaging is a commonly utilized imaging modality to delineate 
similar soft tissue densities, nervous structures, and dura. MRI has been used exten-
sively in the postoperative period to assess for complications of surgery as well as 
extent of tumor resection. It additionally can also be employed for the primary diag-
nosis of CSF leak with a reported sensitivity ranging from 11.8 to 100% but with the 
majority of studies showing >80% [52]. Recent advances including 3D sequences 
have shown performance benefit when compared to HRCT and traditional MRI 
[53, 54].

 Magnetic Resonance Cisternography

Magnetic resonance cisternography (MRC) is a noninvasive imaging modality fre-
quently used to identify postoperative CSF leaks. CSF fistula would appear either as 
a high signal intensity extending from the subarachnoid space into the adjacent 
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paranasal sinuses, or herniation of brain parenchyma through a bony defect. 
However, in the postoperative patient, nonspecific mucosal inflammation surround-
ing the operative repair may mimic the appearance of a CSF leak and lead to a false- 
positive diagnosis [55, 56].

MRC can be further enhanced with intrathecally injected gadolinium. This imag-
ing modality improves contrast between CSF and surrounding structures on T1 and 
fat-suppressed magnetic resonance imaging. Theoretical risks associated with intra-
thecal injection of contrast material include behavior change, seizure, allergic reac-
tion, intracerebral hemorrhage, and altered mental status. However, multiple studies 
have shown that these are rare reactions, and the most common complication is 
self-limited headache [57–59]. MRC without intrathecal gadolinium has a studied 
sensitivity of 56%–94% and specificity of 57%–100% [37]. MRC with intrathecal 
gadolinium has a sensitivity ranging from 61% to 100% and specificity from 66% 
to 80% [37].

 Computed Tomography Cisternography

Computed tomography cisternography (CTC) combines HRCT with intrathecally 
injected water-soluble nonionic contrast to better differentiate CSF from surround-
ing neurologic structures. It can be used like MRC for diagnosis and anatomic local-
ization of CSF fistula. Evidence exists that it is a less reliable evaluative tool when 
compared to MRC (MRC sensitivity 72%, specificity 93%) (CTC sensitivity 33%, 
specificity 67%) [56]. Like MRC, there are similar theoretical risks associated with 
intrathecal contrast injection; additionally, rare reports of cerebral edema have been 
published [60]. CTC remains an option for evaluation of CSF fistula, but due to poor 
performance when compared to other exams and the invasive nature of intrathecal 
contrast injection, it is generally not recommended for routine diagnosis and local-
ization [37].

 Radionuclide Cisternography

Radionuclide cisternography (RNC) is a confirmational exam in which a radioiso-
tope is intrathecally injected through a lumbar puncture. Dry cottonoid pledgets are 
then placed into the patient’s nasal cavities and are left in place for several hours in 
an effort to collect the radioisotope as it drains intranasally through a CSF fistula. 
The exam is unable to pinpoint the exact location of fistula as the radioisotope may 
leave the subarachnoid space in one position and contact the pledget in another, 
especially when the pledgets are in a dependent position. Additionally, due to this 
same concept, RNC is also unable to differentiate anterior skull base CSF leaks 
from lateral, as CSF may drain through the eustachian tube and contact the pledgets 
in the nasopharynx [37]. RNC has an established sensitivity of 76–100% and 
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specificity of 100% [48, 61, 62], but due to its invasive nature, relatively high cost 
[48], and poor performance when compared to laboratory confirmational studies, it 
is not a recommended exam [37]. Though nasal endoscopy, laboratory evaluation of 
rhinorrhea, and imaging are the preferred modalities, RNC can be considered in 
complex cases when a potential leak cannot be located. This is generally not used in 
the immediate postoperative period and has increased utility in patients with spon-
taneous CSF rhinorrhea of unknown origin.

 Intrathecal and Topical Fluorescein

Fluorescein is an organic dye that can be used both intrathecally and topically for 
localization of CSF fistula. The dye has a distinct green-orange color when mixed 
with CSF, which sharply contrasts the normal sinonasal mucosa allowing easy 
endoscopic localization (Fig. 29.4). It can also be used with endoscopic blue light 
filters further contrasting the color into a bright green shade. The dye has been 
implicated in dose-dependent adverse effects including cranial nerve deficits, sei-
zure, lower extremity weakness, and even death [63, 64]. The standard intrathecal 
dose is 0.1–2 mL of 5% fluorescein diluted in CSF [65]. The authors’ preference is 
0.1 mL of 10% fluorescein diluted in 10 mL of CSF. This dose is orders of power 
lower than doses known to cause systemic adverse events (500–1250  mg) [63]. 
Intrathecal fluorescein has a studied success rate of 46–100% in the localization of 
CSF leaks [37, 66, 67].

Fig. 29.4 Characteristic 
green hue of intrathecal 
fluorescein mixed 
with CSF

29 Management of the Postoperative Leak



426

Topical fluorescein is a technique that avoids the potential adverse reactions 
associated with intrathecal injection. Five percent fluorescein is applied to cottonoid 
pledgets and inserted in the middle meatus, roof of the cribriform plate, and sphe-
noethmoidal recess and left to rest for a few moments. Then when removed, the 
sinonasal cavity is inspected for color change from orange-brown to green, which 
signifies mixing of the dye with CSF. Topical fluorescein has a reported accuracy of 
100%, but few studies have reported thus far in the literature, and the authors sus-
pect that while specific, this test may not have 100% sensitivity [68–70]. No major 
complications associated with the topical use of fluorescein have been reported [68].

 Conservative Measures/Surgical Adjuncts

After identification of a postoperative CSF leak, the skull base surgeon must decide 
between conservative management and surgical reoperation. It is the authors view-
point that postoperative leaks, especially during the index hospitalization, typically 
represent a technical error or shifting of the reconstructive materials and would be 
best suited for prompt reoperation and interrogation of the reconstruction site. This 
viewpoint, however, is not shared by all, with some surgeons reporting successful 
closure of leaks with lumbar drainage and bedrest alone [30].

 Lumbar Drain

Lumbar drains are potentially helpful adjuncts to the reconstruction of skull base 
defects. The insertion of a drain into the lumbar subarachnoid cistern allows egress 
for cerebrospinal fluid at a set rate per hour. This egress decreases intracranial CSF 
pressure, thereby decreasing pressure on the newly reconstructed skull base defect. 
The use of lumbar drains during the postoperative period has changed significantly 
over time; however, there is little consensus in the literature on the optimal use of 
this adjunct. The recently published international consensus document evaluated 
and summarized the known literature on lumbar drain use in sellar-based defects 
and concluded that very little evidence suggests significant benefit in CSF fistula 
rate [27]. Despite this, many centers routinely employ lumbar drains especially in 
high-risk patient groups, or during treatment of a postoperative CSF leak. 
Zwagerman et al. performed one of the only randomized controlled trials to delin-
eate the benefits of drainage in high risk patients, which included patients with skull 
base defects >1 cm, extensive arachnoid dissection, or dissection into a ventricle 
[26]. This inclusion criteria specifically selected for patients with “high-flow” intra-
operative leaks. The trial was stopped early after revealing significant benefit of the 
adjunct (lumbar drain: 8.2% postoperative leak, control: 21.2%) for combined 
tumor subsites. The difference was even more pronounced in high-risk subsites such 
as the ACF (LD 11.1%, control 35.3%) and PCF (LD 12.5%, control 30.8%) [26].
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Complications associated with lumbar drainage include headache, meningitis, 
pneumocephalus, radiculopathy, intracranial hemorrhage, and decreased patient 
mobility in the postoperative period. Postoperative CT scans are often employed 
prior to drainage as lumbar drainage can exacerbate intracranial bleeding and pneu-
mocephalus. Many large series have identified these complications as rare, with the 
most common being headache [26].

 Medical Adjuncts

Acetazolamide is a carbonic anhydrase inhibitor whose action in the proximal 
tubule of the kidney causes increased excretion of sodium, bicarbonate, and chlo-
ride leading to diuresis. This diuresis decreases intracranial pressure, blood pres-
sure, and intraocular pressure.

Acetazolamide is an option during the perioperative period in patients with sus-
pected increased intracranial pressure. Its use is well established in patients with 
spontaneous CSF leaks due to intracranial hypertension, but its utility has not been 
well studied outside of this population [71].

Chaaban et  al. showed an approximate decrease of 10  mmH20 with a single 
500 mg dose of acetazolamide in a population of spontaneous CSF leak patients 
[72]. It is suspected that it also may be a useful adjunct in patients with elevated 
BMI, as they are at higher risk of intracranial hypertension [8, 73]. The use of this 
medication is typically recommended as an adjunct rather than primary treatment of 
both postoperative and spontaneous CSF leak.

A wide variety of adverse effects are possible with acetazolamide including mal-
aise, nausea, diarrhea, metabolic acidosis, kidney stones, and taste disturbance. 
Additionally, specific patient groups should not use this medication including 
patients with sulfonamide allergy, chronic kidney disease, patients on long term 
salicylates, anti-folates, amphetamines, lithium, and pregnant women.

 Surgical Treatment of Postoperative CSF Leak

Surgical reexploration remains the mainstay of postoperative CSF leak manage-
ment. The timing of reoperation and techniques practiced vary widely with no clear 
optimal surgical protocols. Much of these nuanced decisions incorporate patient 
and surgical factors, as well as the findings at the time of reoperation. As described 
above, the majority of CSF fistulas during the index hospitalization, or less than 1 
week following surgery, are the result of technical mistake or shifting of reconstruc-
tive materials. Both instances are often managed with revision of reconstruction. A 
wide variety of options for smaller defects exist, including the use of free mucosal 
grafts, fat grafts to bolster the reconstruction, fascial or alloplastic grafts with high 
levels of success [30, 35, 74]. Use of a vascularized pedicled flaps also associated 
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with improved closure rates and even more pronounced in patients with high-flow 
leaks. Multiple reviews have shown greater than 50% reduction in the rate of post-
operative CSF fistula when vascularized flaps are utilized in this population [30, 75, 
76]. In the setting of flap necrosis, an alternate vascularized reconstruction may be 
required.

Proper orientation and support of reconstructive materials is also of the utmost 
importance. Often during the index surgery, the reconstruction is watertight, but 
upon reoperation, the bolstering materials that were meant to support the dural in- 
lay have moved. This can result from insufficient packing, or too rapid of dissolu-
tion in the case of absorbable materials.

A recent, large retrospective series highlights the importance of timing on the 
treatment paradigm for postoperative leaks. In a cohort of 1017 patients, 17 cases 
(2%) presented with a delayed CSF leak, which was defined as more than 2 weeks 
following index surgery [77]. This cohort had a variety of identifiable reasons for 
failure including nasoseptal flap dehiscence, partial or complete flap necrosis, inap-
propriate folding of the pedicled flap, or an inciting event such as a robust sneeze or 
vomiting episode. All patients were managed with reoperation, and based on the 
size of the defect and the viability of the previously placed nasoseptal flap, a variety 
of reconstructions were performed. The majority of patients presented between 1 
and 2 weeks from surgery and were treated with either a large bolstering abdominal 
fat graft, or a collagen matrix inlay and fat graft. In patients were the nasoseptal flap 
was folded or severely mispositioned, it was completely freed and reoriented to a 
better position. In the instance of complete or partial pedicled flap necrosis, a new 
local flap was utilized. Two patients in this series presented in a delayed fashion 
from their index surgery with a CSF leak in the setting of adjuvant radiation therapy. 
Radiation therapy is the direct cause of osteoradionecrosis of the skull base, and 
both patients ultimately required free flap coverage of their defects due to poor 
blood supply to the area and concern for continued poor healing. Lee et al. also 
reported a small population of delayed CSF leaks thought to be at least partially 
related to radiation exposure [78]. These patients presented at a median of 
137 months following the completion of their treatment, and all were successfully 
repaired with a pedicled flap.

The pediatric patient population provides different sources for reconstruction 
failure and different nuances for management of postoperative CSF leaks. One man-
agement consideration for young children should be a preoperative assessment of 
general temperament and ability to adhere to decreased activity and other postop-
erative conservative measures. If the child is suspected to be unable to avoid Valsalva 
maneuvers, postoperative sedation for several days could be employed [79, 80]. 
Additionally, children can present with congenital bony deficiencies and large 
encephaloceles. These may require more rigid reconstruction such as a split cal-
varia graft.

Ultimately, the surgical techniques employed for repair of postoperative CSF 
leaks vary widely between surgeons and are largely guided by experience. Additional 
research is required in this area to further delineate the optimal paradigm for 
management.
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 Conclusion/Summary

Successful reconstruction of skull base defects is of paramount importance to 
reduce the risk of postoperative meningitis. Despite significant effort by endoscopic 
skull base teams, CSF leaks do occur, and there should be consistent suspicion for 
this complication in the postoperative period. High-risk patients including those 
with obesity, obstructive sleep apnea, surgical defects outside the sella turcica, and 
those with high-flow intraoperative leaks should warrant increased wariness and 
attention. When a postoperative CSF leak is suspected, thorough physical exam and 
nasal endoscopy at bedside, or in the operating room, can rapidly diagnose the com-
plication. HRCT and MRI are often useful in the diagnosis and surgical planning of 
CSF fistula. The treatment of postoperative leaks varies widely between teams, but 
revision reconstruction remains the mainstay of treatment, though there is a role for 
adjunctive measures such as lumbar drainage especially in the setting of high-flow 
intraoperative leaks and high-risk patients.
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Chapter 30
Other Complications Following Skull Base 
Reconstruction

Amarbir S. Gill and Gretchen M. Oakley

 Introduction

The ability to perform highly complex procedures such as skull base tumor resections 
using minimally invasive endoscopic approaches has been a tremendous advance in the 
field. These approaches are associated with shorter operation times, less morbidity, and 
shorter hospital stays [1, 2]. However, although overall morbidity is lower with endo-
scopic skull base surgical approaches, the standard complications associated with any 
intracranial surgery can still occur, including cerebrospinal fluid leaks, orbital and vas-
cular injury, and permanent neurologic disability. In addition, sinonasal morbidity is 
unique to the endonasal endoscopic approach. Thus, it is critical for the surgeon to 
familiarize him/herself with the potential complications and their management to opti-
mize preparedness, mitigate harm, and manage sequelae when they do occur.

 Tension Pneumocephalus

Tension pneumocephalus can be defined as intracranial air resulting from a ball 
valve phenomenon, where air is able to enter the postoperative intracranial cavity 
but cannot exit [3]. This can occur when pressure within the nasal cavity exceeds 
that of the intracranial cavity in the setting of inadequate skull base repair; air is then 
able to enter the postoperative cavity but cannot escape due to coaptation of the 
repair barrier [4]. The air continues to build up and compress the intracranial con-
tents, resulting in mental status changes. Alternative suggested mechanisms include 
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the potential intracranial negative pressure created from CSF continuing to leak out 
versus intracranial infection with anaerobic, or gas forming, bacteria [3–6]. Recently, 
Castle-Kirzbaum et al. reported two cases of tension pneumocephalus in the setting 
of positive pressure ventilation (PPV) that was performed post-procedure for 
hypoxia resuscitation [4]. If ignored, progressive tension pneumocephalus can 
result in permanent neurologic deficits, brain herniation, and even death.

 Presentation and Diagnosis

The typical presentation of tension pneumocephalus can include a postoperative 
headache, seizures, and rhinorrhea in the setting of a sudden change in mental sta-
tus. It can be difficult to distinguish a normal amount of non-tension pneumocepha-
lus, which is self-limiting and can be present after any neurosurgical procedure, 
from the surgical emergency of tension pneumocephalus, and a high degree of sus-
picion is needed [3]. One tool that can be helpful in making the diagnosis is a com-
puted tomography (CT) scan. Classically, in the setting of tension pneumocephalus, 
a Mt. Fuji sign is observed, where the frontal poles are peaked and both surrounded 
and, to a lesser degree, divided by the presence of intracranial air with mass effect 
(Fig.  30.1) [3]. Moreover, tension pneumocephalus typically presents with 

Fig. 30.1 Axial CT scan 
on postoperative day 1 
demonstrating a Mt. Fuji 
sign (peaked frontal lobes 
surrounded and divided by 
intracranial air) in a patient 
who underwent endoscopic 
resection of sinonasal 
adenocarcinoma
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progressive neurologic decline that can result in hemodynamic changes and insta-
bility, including eventual cardiac arrest [4]. In a recent literature review of tension 
pneumocephalus after skull base surgery, Biju et al. found only 11 reported cases, 
noting complete recovery among all but one patient and suggested this is to be a rare 
complication in the setting of endoscopic skull base surgery (ESBS) [3].

 Management

Treatment includes evacuation of the air in an expedited fashion followed by defini-
tive repair of the defect that is allowing the air to enter and build up, using a multi-
layered approach [3]. While awaiting evacuation of air and repair, conservative 
measures, such as elevation of the head of bed, bed rest, and 100% inspired oxygen, 
may be initiated [3]. Castle-Kirzbaum et al. argue for avoidance of PPV in the post-
operative setting; if first-line measures fail, such as oxygenation with a non- 
rebreather, then authors suggest initiation of intubation over PPV [4].

 Orbital Complications

There is limited data available regarding orbital complications after ESBS.  In a 
single institution review of 58 cases over a 6-year period, Naunheim et al. noted that 
only two patients (3.4%) experienced a temporary decrease in vision after surgery 
[7]. One patient (1.7%) noted new onset diplopia after surgery, which resolved 
within 150 days; one patient (1.7%) noted new onset epiphora, which did not resolve 
within the study follow-up period [7].

Yano et al. examined ESBS outcomes and complications in the setting of giant 
pituitary adenomas causing preoperative visual deficits [8]. The authors noted that 
23/25 (92%) cases of preoperative visual impairment improved after surgery and 
one case of sixth nerve palsy resolved. No orbital complications were noted in their 
case series of 34.

Wang et al. performed a similar retrospective review at their institution focusing 
on an extended endonasal transsphenoidal approach to tuberculum sellae meningio-
mas [9]. The authors noted that of the 12 patients with confirmed preoperative visual 
deficits, 11 improved after surgery; in fact, 5 out of 12 patients had complete nor-
malization of their vision. No patients experienced worsening of their vision after 
surgery.

The most comprehensive review of orbital complications after ESBS was per-
formed by Borg et al. [10]. The authors examined 82 studies and 7460 cases over the 
last 65 years. They noted an overall complication rate of 17.1%, with an orbital 
complication rate of only 0.8%. Interestingly, when broken down by tumor type, 
esthesioneuroblastoma resections were associated with the greatest number of 
orbital complications at 6%, followed by clival lesions at 4%.
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Ultimately, the literature provides limited information about the prevalence of 
orbital complications after ESBS. The overall rate of orbital complications appears 
to be minimal, ranging between 0.8% and 1.7% [7, 10]. However, evidence is hin-
dered by poor study design, small sample sizes, and significant heterogeneity. 
Additional prospective studies with standardization of tumor types and definition of 
orbital complications are needed.

 Intracranial Bleeding

Although the prevalence of intraoperative arterial injury is very low, the conse-
quences can be dire and ultimately result in permanent neurologic deficits and/or 
death. Consequently, despite the lack of robust evidence (i.e., no randomized con-
trolled trials, primarily case series and expert opinions), it is of the utmost impor-
tance that the surgeon be able to recognize these injuries and understand how to 
manage them based on the available literature.

 Carotid Injury

Injury to the internal carotid artery (ICA) during ESBS is the most published about 
arterial injury and for good reason, given its potential to result in devastating 
sequelae. Based on the recent International Consensus Statement on Allergy and 
Rhinology for Endoscopic Skull-Base Surgery (ICAR: ESBS), the prevalence of 
ICA injury during ESBS ranges from 0.016 to 1%; the mortality associated with this 
injury is approximated at 10% [11]. The injury typically presents with a sudden 
gush of blood when working to expose and dissect tumor at the cranial base [11]. 
The injury occurs most commonly on the left side with a ratio of 1.3:1 [12]. It has 
been theorized this may be secondary to most surgeons being right-handed [12]. 
The most commonly injured site is the parasellar carotid [11]. Although not statisti-
cally significant, increased risk of injury has been demonstrated in the setting of the 
transclival/transpterygoid approach (4/534 cases) compared to the transsellar 
approach (3/1004 cases) [13]. Similarly, when broken down by tumor type, the 
greatest number of injuries occurred with chondroid tumors [13]. The risk is also 
increased in the setting of growth hormone-secreting pituitary adenomas and com-
plex anatomy of the sphenoid sinus [14]. Additional risk factors for ICA injury 
include history of prior surgery, radiation, chemotherapy, and use of bromocriptine 
for pituitary tumors [11].

Initial management of an ICA injury in the endonasal endoscopic approach 
typically consists of recognizing the injury and packing the nasal cavity to 
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achieve hemostasis. This allows time for the surgical team to discuss more 
definitive ICA preserving options, such as bipolar cautery, aneurysm clip 
placement, or muscle patch. Wang et al. demonstrated that regardless of which 
of these options (temporary packing or permanent control) was utilized, most 
patients subsequently underwent angiography to determine extent of injury 
and/or quality of repair [11]. The most commonly reported sequela from ICA 
injury in this setting was pseudoaneurysm of the carotid artery, although com-
plete carotid occlusion/stenosis, dissection, active extravasation, thromboem-
bolic events, and carotid cavernous fistulas were also observed [11]. 
Endovascular options for repair included endoluminal reconstruction/stenting, 
embolization of the pseudoaneurysm, or unilateral carotid sacrifice; the latter 
option was associated with a 21.7% risk of permanent neurologic deficits 
(Fig. 30.2) [11]. Most studies discussing carotid complications in the setting of 
ESBS recommend postoperative surveillance imaging to ensure no delayed 
sequelae of repair and/or injury develop [11]. However, there is no consensus 
on the type of imaging modality that should be used and no recommendation 
on the timing of imaging. Several studies have recommended close follow-up 
during the first month, as delayed ICA pathology has been identified during 
this period despite an initial negative angiogram [11]. Different studies have 
suggested an initial angiogram at 1-week post-repair, followed by additional 
imaging around 4–6  weeks, 3  months, 6  months, and possibly again at 
12 months [11, 13, 15].

a b

Fig. 30.2 Cerebral angiogram images of a patient who suffered a right internal carotid injury at 
the distal cavernous segment, proximal to the ophthalmic artery, at the time of endoscopic revision 
pituitary tumor resection. She was packed and taken immediately to the Neurosurgical 
Interventional Radiology suite where right ICA endovascular occlusion was performed with use of 
a pipeline stent (a). Angiogram images following this occlusion demonstrated perfusion through 
the anterior communicating artery to the right side of the brain (b)
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 Other Arterial and Vascular Injury

Postoperative subdural hematoma (SDH) after ESBS is a rare entity and has been 
reported only in a minority of case reports [16–20]. There is evidence to support that 
excess drainage of CSF can result in SDH [21, 22]. Theorized pathophysiology of 
the SDH in most of the previously mentioned cases of ESBS is predicated on a 
negative pressure related to significant CSF drainage, often in the setting of ongoing 
postoperative CSF rhinorrhea, resulting in a subdural collection [20]. Dallan et al. 
explain that high-flow CSF leaks can cause significant negative pressure and thus 
place tension on the bridging veins of the subarachnoid space, predisposing them to 
rupture and subsequent SDH formation [20]. For this reason, the authors recom-
mend postoperative imaging within the first 24–48 h after ESBS. Additionally, post-
operative intracranial hemorrhage can occur from partial resection of intracranial 
tumors such as pituitary adenomas, resulting in apoplexy that can further be compli-
cated by vasospasm, or from unidentified arterial injury during surgery [23].

Babgi et al. reported a case of intradural arterial injury (anterior communicating 
artery) during ESBS for a planum sphenoidale meningioma and performed a litera-
ture review of other similar injuries related to endoscopic skull base surgeries [24]. 
The authors noted that these are rare occurrences with only 11 other reported cases 
described in the literature; in their review, additional injuries were noted to the ante-
rior cerebral artery, posterior cerebral artery, ophthalmic artery, frontopolar artery, 
basilar artery, and posterior communicating artery [25–31]. The authors noted that 
these are typically avulsion injuries of perforator vessels in the setting of significant 
manipulation and/or tumor dissection [24]. Not uncommonly, the injury to the par-
ent vessel is not immediately evident, but rather results in a pseudoaneurysm that is 
later localized on angiography or angiogram. The authors note the critical nature of 
the angiogram in the setting of intraoperative, intradural arterial injury, observing 
that many of the described cases required complete sacrifice of the parent artery, 
usually in the setting of adequate collateral circulation.

In general, the management of non-carotid arterial injuries is based mostly on 
surgeon-specific anecdote without evidence-based guidelines. Nevertheless, it is 
useful to understand what options the surgeon has at his or her disposal to manage 
intraoperative bleeding during ESBS. The muscle patch has been touted as a reli-
able, vessel-preserving option to manage major arterial bleeding; a randomized 
controlled trial (RCT) with varying types of artificially created carotid injuries in a 
sheep model demonstrated 100% efficacy in hemostasis with the muscle patch [32]. 
A retrospective analysis of nine cases of ICA injury treated with muscle patch simi-
larly noted complete success in achieving hemostasis with only one instance of 
pseudoaneurysm [11]. In a separate animal model RCT comparing muscle patch, 
floseal, surgicel, chitosan gel, and U-clip, the authors noted that both the clip and 
patch demonstrated complete hemostasis with less overall blood loss during the 
encounter [33]. Although human RCTs are lacking, case series have demonstrated 
that additional effective hemostatic agents in the setting of venous bleeding during 
intracranial ESBS include fibrin and gelatin-thrombin matrix flowable agents, as 
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well as warm saline irrigation, although the latter may take some time to take 
effect [11].

Ultimately, the quality of the evidence surrounding major arterial vessel injury 
and its management is limited to case series and expert opinions, as well as animal 
model studies. Although the occurrence of these complications is low, the associ-
ated consequences, including neurologic morbidity and potential mortality, can be 
disastrous. Thus, it is of paramount importance that the surgeon review and under-
stand anatomic variations, practice meticulous technique and preparedness, and 
familiarize him/herself with available strategies and techniques to manage such 
injuries if they were to occur.

 Sinonasal Morbidity Following ESBS

Although ESBS is considered minimally invasive, executing a safe and effective 
procedure of this type necessitates wide surgical access. This means that structures 
en route to the skull base are often altered, compromised, or resected to create a 
surgical field amenable to easy visualization, endoscopic instrument mobility, and 
frequent bi-nostril, two-surgeon technique. Depending on the surgical approach, 
common steps can include septectomy, inferior, middle, or superior turbinate resec-
tion, sinus surgery, and harvest of various sizes of nasal mucosa for planned skull 
base reconstruction. There is a tradeoff in the surgical insult to these sinonasal struc-
tures for the benefit of accessing ventral skull base pathology, which can result in 
patients experiencing significant nasal crusting, scarring, septal perforation, nasal 
structural compromise, sinonasal mucosal dysfunction, and sinusitis (Fig.  30.3). 
These can be further compounded by adjuvant therapies, such as radiation and 
chemotherapy.

 Postoperative Sinonasal Quality of Life

In a systematic review of sinonasal morbidity following ESBS, the most commonly 
reported sinonasal symptoms experienced by patients were nasal crusting (50.8%), 
nasal discharge (40.4%), nasal obstruction (40.1%), and smell dysfunction (26.7%) 
[34]. These symptoms were worst in the immediate postoperative period but 
resolved within 3–4 months postoperatively, although some studies demonstrated 
this could take up to 6–12 months [35, 36]. Patients’ postoperative sinonasal symp-
toms did not appear to be worse beyond the 3 month mark between endoscopic 
versus microscopic approaches [37], or based on whether or not a nasoseptal flap 
was utilized [38, 39]. Factors that did predispose to worse postoperative sinonasal 
symptoms included surgical extent secondary to increased complexity, anterior cra-
nial fossa surgery versus central surgery, and overall patient health status [40–42]. 
Although long-term nasal crusting does not appear to be worse following use of a 
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Fig. 30.3 Coronal CT 
scan of a patient who is 
status post a combined 
open and endoscopic 
resection and adjuvant 
chemoradiation for a rare 
and highly aggressive 
sinonasal 
teratocarcinosarcoma. 
Post-treatment, he had 
ongoing mucosal 
dysfunction and nasal 
crusting requiring regular 
postoperative visits for 
management

nasoseptal flap for reconstruction, the exposure of the septal cartilage and bone 
from harvest of the nasoseptal flap can be associated with significant crusting in the 
immediate postoperative period lasting a mean duration of 126  days [43]. This 
symptom, along with associated nasal obstruction, can be managed effectively with 
postoperative debridement, saline irrigations, and mitigation techniques such as 
placement of silastic sheeting to cover the donor site for 3–4 weeks while healing 
by secondary intention takes place (Fig. 30.4). Additional prevention options that 
have been described by some surgeons include use of a “rescue flap” instead of a 
nasoseptal flap when possible to minimize cartilage exposure and donor site mor-
bidity [44, 45], as well as secondary coverage of the exposed cartilage with a reverse 
flap or a free mucosa grafts [46–48] in an effort to speed up remucosalization.

 Nasal Structural Changes

Nasal structural changes appear to be uncommon complications of ESBS. Excluding 
the creation of a posterior septectomy, an intentional step in many skull base surgi-
cal approaches to provide necessary surgical access, unintended postoperative sep-
tal perforation is reported in more recent studies with larger patient series to occur 
in less than 1% of cases and is associated with use of a nasoseptal flap [49, 50]. A 
large series of post-ESBS nasal complications also reported nasal dorsal collapse to 
occur in 5.8% of patients, presumably secondary to septal devascularization [50]. In 
a series of 41 patients following ESBS, internal nasal valve collapse occurred in 
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a b

Fig. 30.4 Intraoperative images of a patient who underwent endoscopic resection of esthesioneu-
roblastoma with nasoseptal flap reconstruction. She had harvest of a right nasoseptal flap, with 
subsequent exposure of the septal cartilage (asterisk) (a). This donor site was then covered with a 
0.51  mm silastic sheet secured to the septum with prolene suture (b). It was left in place for 
4 weeks, allowing for complete remucosalization of the donor site with minimal crusting

14.6% of patients, while synechiae formation was present in 19.5% [51]. Careful 
intraoperative technique by the surgical team, utilization of dressings like silastic 
sheeting where appropriate, and regular postoperative debridement may help miti-
gate these nasal complications. Overall, a good understanding of these potential 
complications is important, since they can lead to prolonged patient quality of life 
impairment or even the need for a future nasal reconstructive surgery.

 Sinusitis

The disturbance of otherwise healthy sinus anatomy and sinonasal mucosa as a 
necessary component of ESBS raises concern for the development of sinusitis as a 
common sequela. However, there is little evidence to demonstrate the development 
of ongoing sinusitis following ESBS beyond the immediate postoperative period. 
Although sinonasal symptoms typically occur for a few months following ESBS, 
these symptoms typically resolve thereafter; true chronic rhinosinusitis involves 
both subjective and objective diagnostic criteria for more than 12 weeks. In a review 
of 51 patients following transnasal transsphenoidal surgery, Deconde et al. reported 
an increase in anterior ethmoid mucosal thickening seen on 3 and 6 month postop-
erative CT imaging on the side of the surgical corridor compared to the control side 
[52]. This finding was associated with middle turbinate resection, maxillary antros-
tomy, and harvest of nasoseptal flap, with a lower incidence of this finding when 
native anatomy was preserved. In a similar size series by Langdon et al., patients 
had both Lund-Mackay scores and sinonasal symptoms evaluated before and after 
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ESBS. The authors demonstrated worse Lund-Mackay scores at 12 months postop-
eratively compared to baseline, especially in patients requiring nasoseptal flap 
reconstruction. However, sinonasal symptoms did not correlate with this change, 
having returned to baseline by 12 months postoperatively [53].

In a systematic review of post-ESBS sinonasal morbidity, mucocele formation 
was reported in 8% of cases across all age groups and up to 25% of pediatric 
cases. The latter observation is likely related to the delayed maturation of frontal 
sinuses in children, resulting in an already narrow frontal recess made even nar-
rower and more prone to obstruction by an adjacent nasoseptal flap [34]. In addi-
tion to mucocele formation secondary to sinus stenosis, poor attention to the 
principles of sinonasal mucociliary clearance can lead to an increased rate of 
mucus recirculation if natural sinus ostia are not incorporated into surgical ostia. 
Although this should be standard practice in any functional endoscopic sinus sur-
gery, adherence to this principle may be overshadowed by the skull base pathol-
ogy and overall complex surgical plan, leading to symptomatic and ongoing 
post-nasal drip in these patients. Similarly, mucosal stripping beyond what is nec-
essary for skull base access should be avoided due to the risk of mucociliary dys-
function development at these sites. The fact that rhinoogists are the most common 
surgeons performing these joint ESBS approaches with neurosurgeons helps mini-
mize these risks, since their understanding of these principles is entrenched in 
their training.

 Conclusion

The advent of endoscopic surgical approaches and reconstruction for skull base 
pathology has been a significant advance in the field. Although relatively infrequent, 
neurologic, vascular, orbital, and sinonasal complications do occur. The skull base 
surgeon must be aware and fully capable of managing these complications to opti-
mize patient safety and surgical outcomes.
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Chapter 31
Outcomes of Anterior Skull Base 
Reconstruction

Jacob G. Eide, Tapan D. Patel, Nithin D. Adappa, and James N. Palmer

 Introduction

Since the advent of endoscopic endonasal approach (EEA) for intradural pathology, 
EEA has allowed the skull base surgeon to access the entire ventral skull base, 
including the anterior, middle, and posterior cranial fossae [1]. Reconstruction of 
defects created during these approaches presents a unique challenge. Multiple fac-
tors need to be considered when reconstructing the skull base defect, including the 
size of the defect, availability of grafts and vascular flaps, technical difficulty, effects 
of postoperative radiation, and morbidity to the patient. In general, smaller defects 
may be repaired with avascular grafts, while larger defects with higher flow CSF 
leaks may require vascularized flaps for reliable reconstruction [2].

Goals of anterior skull base reconstruction, whether open or endoscopic, remain 
the same: a multilayered watertight closure of the skull base defect in order to pre-
vent a postoperative cerebrospinal fluid (CSF) leak and prevent the possibility of 
future pneumocephalus or ascending infection from the nasal cavity [3]. As skull 
base defects are rarely exactly alike, a reconstructive plan must always be tailored 
to the individual patient. In certain clinical scenarios, a commonly used reconstruc-
tive method may not be available and may warrant one that is less often used. 
Therefore, it is important for the reconstructive surgeon to be comfortable with 

J. G. Eide · T. D. Patel · N. D. Adappa 
Department of Otorhinolaryngology, University of Pennsylvania, Philadelphia, PA, USA
e-mail: jeide1@hfhs.org; tapan.patel@pennmedicine.upenn.edu; 
Nithin.adappa@pennmedicine.upenn.edu 

J. N. Palmer (*) 
Division of Rhinology and Skull Base Surgery, Department of Otorhinolaryngology, 
University of Pennsylvania, Philadelphia, PA, USA 

Division of Rhinology and Skull Base Surgery, Hospital of the University of Pennsylvania, 
Philadelphia, PA, USA
e-mail: james.palmer@pennmedicine.upenn.edu

© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2023
E. C. Kuan et al. (eds.), Skull Base Reconstruction, 
https://doi.org/10.1007/978-3-031-27937-9_31

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-27937-9_31&domain=pdf
mailto:jeide1@hfhs.org
mailto:tapan.patel@pennmedicine.upenn.edu
mailto:Nithin.adappa@pennmedicine.upenn.edu
mailto:Nithin.adappa@pennmedicine.upenn.edu
mailto:james.palmer@pennmedicine.upenn.edu
https://doi.org/10.1007/978-3-031-27937-9_31


450

variety of different surgical techniques. Here, we review the reconstructive options 
for reconstruction of the anterior skull base and their outcomes published in the 
literature.

 Avascular Grafts

A variety of materials are available for reconstruction of the anterior skull base 
defects that are smaller than 1  cm. Avascular grafts including autologous grafts, 
acellular human dermis grafts, and engineering collagen grafts are available. 
Autologous grafts include fat, fascia, bone, cartilage, and free mucosal grafts har-
vested from the patient. A multitude of options are available, but the most common 
include intranasal free mucosal grafts, septal cartilage, fat from abdomen or leg, 
temporalis fascia or fascia lata, and free bone grafts. While they have fallen some-
what out of favor since the advent of vascularized nasoseptal flaps, free grafts 
remain a useful adjunct for large defects or primary reconstruction in recurrent 
defects of the skull base without other reconstructive options.

Middle turbinate grafts are the most commonly used intranasal graft, and most 
free grafts are fully integrated into the mucosa in 8 weeks [4]. Free grafts have lim-
ited donor site morbidity and are often quick to harvest; however, it has been 
reported that free grafts have an approximately 20% decrease in size and should be 
harvested larger than the skull base defect [5]. While outcome data is limited, endo-
scopic repair of CSF leak with free mucosal graft has been reported to be 94.4% by 
Lanza et al. in retrospective review [6]. Larger meta-analyses and reviews would 
suggest a slightly lower initial success rate of 90–91% with an overall success rate 
of 97–98% after revision endoscopic repair [7, 8]. However, it should be noted that 
in large (>2 cm) skull base defects, free grafts have had leak rates as high as 20–30% 
[9]. Complications related to free graft harvest include crusting, nasal septal perfo-
ration, and, if an extranasal site is used for harvest, hematoma, infection, and scar-
ring. Fortunately, all of the aforementioned complications remain uncommon [10]. 
Meningitis following repair was reported in 2.5% of patients, significantly lower 
than the rate of meningitis in patients with active CSF leak without treatment [7].

 Vascularized Intranasal Flaps

Initially described by Hadad et al., the nasoseptal flap (NSF) remains the mainstay 
of endoscopic skull base reconstruction and was reported in the initial retrospective 
review of 50 patients to have a 95% initial success rate [11]. The ease of harvest, 
reliability, and ability to tailor the flap to the skull base defect have made the NSF 
ubiquitous in skull base reconstruction. Anatomic studies suggest that the NSF has 
sufficient mobility and length to cover the entirety of the anterior skull base [12]. 
While good outcomes with avascular grafts have been reported, the success rate 
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falls to 50–70% in high flow CSF leaks, which are encountered if dissection is 
required into arachnoid cistern or ventricle [2]. Success rates have been reported 
variably, with one retrospective review noting a 4% overall CSF leak rate, with a 
6.7% rate if a high flow intraoperative CSF leak was encountered [2]. A systematic 
review of CSF leak rate outcomes would suggest a somewhat higher leak rate with 
a 15.6% leak rate for free grafts and a 6.7% leak rate for vascularized flap clo-
sure [13].

Morbidity apart from CSF leak remains low with septal perforation (1.3%), 
mucocele formation (0.7%), and prolonged skull base crusting (5.3%), especially 
following radiation therapy, being reported [14]. Importantly, as NSFs are used 
more commonly, surgeons have had to increasingly manage previous reconstruction 
to access the skull base for recurrent or persistent lesions. Initial data suggests that 
previous NSF repair can be carefully removed from the skull base and re-used after 
lesion resection without devascularization of the flap [15]. The rate of necrosis of 
has also been investigated. In a review of 601 patients who underwent NSF by 
Chabot et al., 49 patients (8.2%) returned to the OR for CSF leak or suspicion of 
meningitis [16]. Of these patients, eight patients (1.3% overall) had necrotic NSFs 
with two patients (0.3% overall) who were noted to have an epidural empyema with 
a viable NSF. They also noted that non-enhancement of the flap on contrasted MRI, 
fat graft, and previous surgery was associated with cases of NSF necrosis [16].

While NSFs are by far the most common vascularized intranasal flaps performed, 
in multiply recurrent lesions or sinonasal malignancies involving the septum, they 
may not be available. Vascularized flaps based off the inferior and middle turbinate 
as well as nasal side wall have all been successfully used. Initial results are promis-
ing, but it should be noted that these flaps are often used in salvage situations where 
the NSF is not available or challenging cases where more coverage is needed [17, 
18]. For instance, in a review of their experience with lateral nasal wall flaps, 
Lavigne et al. found that they had an initial success rate of 75%, significantly lower 
than reported for NSF [19]. However, these flaps were performed in cases where the 
NSF was previously used for surgical repair (41.7%), patients had CSF leak after 
NSF partial loss (41.7%), or CSF leak due to insufficient NSF coverage (16.6%) 
[19]. Clearly, these patients represent a more challenging reconstruction. Middle 
turbinate flap outcomes have been reported in only small series with initial results 
showing successful middle turbinate flap use in ten patients undergoing transsphe-
noidal surgery with one other study showing one of the two middle turbinate flaps 
undergoing necrosis after repair [18, 20].

 Locoregional Flaps

A variety of locoregional flaps have been used for the skull base with the pericranial 
flap being the most commonly used. Typically, a pericranial flap is harvested via a 
coronal incision although a modified endoscopic harvest technique has been 
described [21]. The flap offers a large amount of pliable tissue that can be used to 
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reconstruct defects in the posterior table of the frontal sinus or ethmoid roof. 
Similarly, temporoparietal fascia tunneled flaps have also been utilized as well as 
submental locoregional flaps. Number of reported cases for both of these flaps 
remains low, but initial data suggests they are reasonable alternatives [22–24].

Local flaps have been estimated to fail in 0–10% of cases (including both partial 
and total flap failure) with CSF leak rates reported from 0–14% and pneumocepha-
lus in 0–7% of cases in a recent systematic review [25]. Another smaller retrospec-
tive review showed a similar success rate of 87.5% with 11.1% rate of CSF leak and 
meningitis [26]. Interestingly, when compared, local and free flaps had a similar, 
relatively high rate of major complications (35% and 31%, respectively); however, 
this data is based on a small cohort primarily before the endoscopic era, so it is 
unclear if this conclusion remains true with newer techniques [27].

 Free Tissue Transfer

Currently, the role of free tissue transfer in anterior skull base reconstruction has 
remained limited primarily due to the reliability of other reconstruction options as 
well as the increased operative time and need for additional surgical training. 
However, in large open craniofacial resections, multiply recurrent tumors, and 
patients who have persistent reconstruction failure due to radiation therapy, micro-
vascular free flap reconstruction remains an important tool in skull base reconstruc-
tion. Choice of free flap reconstruction is outside the scope of this chapter, but radial 
forearm and anterolateral thigh free flaps are commonly used, although fibula, scap-
ula, latissimus dorsi, and rectus abdominis flaps have all been described [28].

In a recent systematic review of 22 studies including retrospective data on 1628 
patients undergoing free flap reconstruction, reported outcomes were heteroge-
neous. Of note, some authors reported combined free and local flap reconstruction, 
and there is sparse data in regard to outcomes by free flap type. However, the authors 
estimate a flap complication rate of 0–14%, a partial flap failure rate of 4.1%, and a 
7.7% total flap failure rate [25]. The rate of postoperative CSF leak ranged from 
1.6–13.5%, and postoperative pneumocephalus was reported between 1.6% and 
7.1%. Finally, the operative mortality of free flap reconstruction ranged from 0 to 
7%, highlighting the complexity and challenge of repairing large or recalcitrant 
skull base defects [25]. Donor site morbidity was not reported in these studies but is 
also a consideration when performing free tissue transfer.

 Quality of Life Outcomes

As surgeons have become more facile at reliably reconstructing the skull base, there 
has naturally been increased attention on long-term quality of life metrics and 
efforts to reduce morbidity. One retrospective study suggested that SNOT-22 
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(Sinonasal Outcome Test) scores improved or stayed the same in 63% of patients 
and worsened in the remaining 37% in long-term follow-up (>3 years) [29]. 
Interestingly, a recent systematic review of adult patients undergoing skull base 
surgery suggested that patients with impaired sinonasal function prior to skull base 
surgery were improved immediately after surgery and in long-term follow-up. 
Patients with low preoperative SNOT-22 scores did not worsen over the same time 
period, suggesting that endoscopic skull base surgery does not worsen sinonasal 
function [30]. Of note, while commonly used in the skull base literature, SNOT-22 
has only been validated for chronic rhinosinusitis, so it may not be a valid metric for 
this patient population [31]. There have been efforts to make a skull base surgery- 
specific quality of life tool, but reporting remains variable [32].

Preservation of olfaction can be challenging in skull base malignancies given the 
need to disrupt olfactory tissue for exposure or need to resect the olfactory cleft if 
involved with tumor. Furthermore, there is frequent need for postoperative radiation 
therapy, which further diminishes sense of smell. Interestingly, there is conflicting 
data on the impact of skull base surgery on the disruption of olfaction [33]. The 
most robust study to date was completed by Kim and colleagues in 2014 in which 
226 patients underwent preoperative and 6 month olfactory testing with the Visual 
Analog Scale, Connecticut Chemosensory Clinical Research Center Test, and 
Cross-Cultural Smell Identification Test. They found significant decreases in olfac-
tion in patients over 30 years of age and in those who had bilateral nasoseptal flaps 
(NSF) or unilateral NSF with contralateral rescue flap [34].

Other data attempting to determine the impact of skull base surgery on olfaction 
is more contradictory. Rotenberg et al. were the first to describe postoperative symp-
tomatic hyposmia, as measured by the University of Pennsylvania Smell 
Identification Test (UPSIT) [35]. Meanwhile, prospective data by Bedrosian et al. 
found transient decreases in smell and taste 6 weeks postoperatively but normaliza-
tion of both sense to preoperative levels at 12-month follow-up as measured by the 
Anterior Skull Base Questionnaire [36]. Hart et al. found similar transient decreases 
in olfaction after pituitary surgery that later normalized, and Sowerby et al. found 
no difference in olfaction [37, 38]. Yet another study showed improved or stable 
smell in 88% of patients undergoing pituitary surgery with worsening olfaction in 
the remaining 12% [39]. Li and colleagues looked specifically at surgical manipula-
tion of the superior turbinate given its density of olfactory fibers. They compared 
partial resection versus preservation of the turbinate with lateralization, and although 
the 6-month postoperative threshold test was diminished in the resection group, 
overall olfaction measured by smell identification (“Sniffin Sticks”) test was the 
same [40].

Given the conflicting data, it is difficult to make broad generalizations on olfac-
tory outcomes after skull base reconstruction. The heterogeneity of approaches, 
variations in surgical technique, lack of standardization in olfactory testing meth-
ods, and relatively small number of patients make it difficult to establish firm rates 
of olfactory loss of surgery. However, given the state of data, further study is war-
ranted, and patients should be counseled that loss of smell is possible when under-
going skull base resection and reconstruction.
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 Conclusion

Skull base reconstruction has improved over the last two decades, and there are 
more options for repair than ever before. In general, outcomes remain excellent for 
reconstruction with appropriate technique, and attention has turned to improving 
post-treatment quality of life. The main impediment to the current state of the 
research is a lack of standardization in reporting making it difficult to compare data.
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Chapter 32
Outcomes of Lateral Skull Base 
Reconstruction

Dario Ebode, Ariel Finberg, Brandon Kamrava, Ali Al Qassim, 
and Adrien Eshraghi

 Introduction

Cerebrospinal fluid (CFS) leaks of the lateral skull base are a rare entity. Typically, 
tegmen dehiscence is secondary to iatrogenic injury, trauma, or chronic infection; 
however, an estimated 18% of dehiscence is idiopathic [1, 2]. Proposed risk factors 
include idiopathic intracranial hypertension, morbid obesity, and arachnoid granu-
lations [3, 4].

Reconstruction of the lateral skull base (LSB) is mostly necessary to prevent or 
repair a CSF leak. Untreated CSF leaks are associated with around 20% risk of 
developing meningitis and an increased mortality rate [5, 6]. Besides, they are a 
significantly costly problem, with an estimated median cost of over $50,000 per 
patient in 2017 [7].

In this chapter, we will be discussing the outcomes, especially postoperative CSF 
leak, of the different surgical approaches to reconstruct the LSB.

First, we will present the outcomes of each approach commonly used for the 
reconstruction of a defect located in the LSB: the transmastoid approach (TM), the 
middle crania fossa (MCF) approach, the combined approach, and the petrosectomy 
with middle ear obliteration (MEO).

Then, we will review the different methods used to prevent a CSF leak after LSB 
surgery.

Finally, we will present the outcomes of the LSB reconstruction after a large 
resection with muscle or musculocutaneous flaps.
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 Outcomes for Reconstruction of Lateral Skull Base Defects

 Transmastoid Approach

 Overview

The TM approach is the least morbid approach for LSB reconstruction as it does not 
need a craniotomy or any temporal lobe retraction.

It provides excellent exposure of the tegmen mastoideum and is required if the 
defect is in the posterior fossa [8].

It is generally advised for defects <1  cm, but some authors report that larger 
defects (<2  cm) can also be treated by this approach [8–11]. In addition, this 
approach allows the surgeon to treat any middle ear disorder concurrently such as a 
tympanic membrane perforation or a cholesteatoma.

However, certain medial defects of the tegmen tympani may require a dislocation 
of the ossicular chain to access, which may result in a permanent conductive hearing 
loss. There have been reports of improved hearing outcomes with use of reconstruc-
tion; however, these patients had preoperative pathology of the ossicular chain [12].

 Outcomes

This approach generally provides reliable outcomes (Table 32.1). A recent meta- 
analysis from Karkas et al. reports a 6.6% rate for recurrent CSF leaks over an aver-
age follow-up of 12 months [13].

In addition, average length of stay is significantly shorter with a TM approach 
than a MCF approach (1.7 vs. 6.3 days) [14].

Table 32.1 Improvement of air-bone gap and postoperative CSF leak after LSB reconstruction 
with a trans mastoid approach among several studies

Reference
Number of 
patients

ABG 
improvement

Mean follow up 
(months)

Treatment 
failure

Sanna et al. 2009 [15] 37 ND 38.4 2.3%
Semaan et al. 2011 [12] 31 5 dB 30 0%
Oliaei et al. 2012 [16] 11 ND 13.5 0%
Kim et al. 2014 [11] 15 12 dB 15.4 7%
Perez et al. 2018 [14] 26 10 dB 23 13%
Ren et al. 2021 [8] 20 13 dB 17 10%

ABG air-bone gap, ND no data, treatment failure includes recurrent CSF leak, meningocele or 
meningoencephalocele
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Theoretical complications can include epidural or subdural hematomas and men-
ingitis. Given that the ossicular chain is sometimes dissected with this approach, 
there is a small but significant risk for hearing loss. Nevertheless, none of these 
complications have been described in the following studies.

 Take Home Message

As this approach provides a high success rate with limited morbidity and a short 
hospitalization, some authors advocate for this approach as the primary approach 
for most cases. However, the management of large or multiple medial defects of the 
tegmen tympani can be difficult and may place patients at risk of postoperative hear-
ing loss.

 Middle Cranial Fossa Approach

 Overview

The MCF approach allows for the best exposure of the middle cranial fossa floor. 
The exposure of the whole tegmen tympani and tegmen mastoideum facilitates the 
identification and treatment of multiple defects. Additionally, as the ossicular chain 
remains intact, there is limited risk of worsening the patient’s hearing. Nevertheless, 
in case of dehiscence of the superior semicircular canal, this one can be damaged 
during the surgery and lead to a hearing loss.

The principal disadvantage of this approach is the need of a craniotomy and the 
retraction of the temporal lobe, which typically leads to a longer recovery period. 
These drawbacks can be limited by an endoscope-assisted repair via a keyhole cra-
niotomy [17]. The dissection of the ossicular chain and the treatment of middle ear 
pathology is not possible with this approach and can make the management of a 
meningocele in contact with the ossicular chain challenging. This approach is not 
able to address the posterior fossa, and if there is a defect there, the surgeon may not 
be able to repair it with this approach alone [8].

 Outcomes

The MCF approach provides excellent results with a high success rate for lateral 
CSF leaks (Table 32.2). Multiple studies have shown a low recurrence rate for post-
operative CSF leaks, with a long-term follow-up. In addition, the treatment of the 
meningocele or middle ear effusion often leads to a closure of the ABG in most 
patients.

The craniotomy and the retraction of the temporal lobe may theoretically expose 
to severe complications such as subdural or epidural hematoma, meningitis, or 
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Table 32.2 Improvement of air-bone gap and postoperative CSF leak after LSB reconstruction 
with a middle cranial fossa approach among several studies

Reference
Number of 
patients

ABG 
improvement

Mean follow up 
(months)

Treatment 
failure

Leonneti et al. 2005 [19] 51 ND 59 4.2%
Gubbels et al. 2007 [21] 15 ND 13 7%
Sanna et al. 2009 [15] 37 ND 38.4 3%
Nelson et al. 2016 [20] 65 ND 19.5 7.7%
Cheng et al. 2019 [10] 47 ND ND 7%
Brenet et al. 2019 [22] 35 ND 61 6%
Alwani et al. 2019 [6] 27 96% closed ABG 4 0%
Ren et al. 2021 [8] 8 ND 17 12.5%

ABG air-bone gap, ND no data, PTA pure tone average, treatment failure includes recurrent CSF 
leak, meningocele or meningoencephalocele

seizure. However, the review of the literature shows that postoperative complica-
tions are rare [18]. Leonetti et al. reported four cases of minor wound infections, 
Sanna et al. reported one case of extradural hematoma, and Cheng et al. reported 
one case of delayed facial paralysis [10, 15, 19]. However, in one series of 65 cases, 
approximately 33% of the patient has postoperative complications, with three 
patients requiring return to the operating room [20].

 Take Home Message

The MCF approach is generally the preferred approach for larger or multiples 
defects. Despite the need of a craniotomy and a temporal retraction, postoperative 
complications are rare if the surgery is performed by a trained surgeon.

 Combined Approach

 Overview

The TM or MCF approaches can be combined if needed. This approach allows for 
visualization and repair of more anterior defects that cannot be reached with a TM 
approach alone and more posterior defects that cannot be treated with an MCF 
approach alone. Also, meningoencephaloceles can be dissected from both sides of 
the tegmen and separated from any fibrous adhesions [9].
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However, the morbidity may increase given the increased operating time needed 
for the two procedures and additional anatomic structures encountered [22].

 Outcomes

Table 32.3 shows several studies reporting excellent results.
Stevens et al. describe a high success rate (96.5%) without any major complica-

tions, and Kenning et al. had similar results overall [23, 24].
Son et al. found that a combined approach was useful in the majority of their 

patients for successfully repairing the leak and also improved the ABG in some 
patients. Worth noting however was that 5% of patients experienced permanent sen-
sorineural hearing loss. Carlson et al. studied nearly twice the patients and didn’t 
report any sensorineural hearing loss [18]. However, 17% had a worse pure tonal 
average (PTA) after the surgery. He also reported one case of postoperative seizure, 
one case of transient facial palsy, and one case of myocardial infarction, although it 
remains unclear if these patients received a combined approach or an MCF 
approach alone.

Table 32.3 Improvement of air-bone gap and postoperative CSF leak after LSB reconstruction 
with a combined approach among several studies

Reference
Number of 
patients

ABG 
improvement

Mean follow up 
(months)

Treatment 
failure

Souliere et al. 1998 [25] 6 ND 24.5 0%
Kenning et al. 2012 [24] 22 ND 10.4 4%
Carlson et al. 2013 [18] 57 ND 14.5 4%
Son et al. 2014 [9] 30 >15db 17 4–8%
Stevens et al. 2017 [23] 28 9.7 dB 25.5 3,5%

ABG air bone gap, ND no data, CSF cerebrospinal fluid, treatment failure includes recurrent CSF 
leak, meningocele or meningoencephalocele
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 Take Home Message

The combined approach shows a good success rate for LSB reconstruction for a 
CSF leak. However, a less invasive approach should always be considered first.

 Petrosectomy with Middle Ear Obliteration

 Overview

Subtotal petrosectomy with middle ear obliteration (MEO) approach is a relatively 
safe method of closing temporal bone defects. The goal is to obliterate all accessible 
pneumatized spaces in the petrous bone and close all possible fistulas. SP allows 
good exposure of both the middle and posterior fossa plates and has a low CSF leak 
recurrence rate. As this approach does not include any intracranial procedure, the 
risk of intracranial hematoma is low. It can be a safer approach for patients with 
high comorbidities or anticoagulant treatment [26].

Unfortunately, this obliteration of the petrous bone and middle ear causes maxi-
mum conductive hearing loss. In addition, the closure of the external auditory canal 
does not allow any clinical surveillance for cholesteatoma, and regular imaging 
must be performed if needed. Thus, this approach should be considered the first 
option mainly in patients with anacusis on the affected side with recurrent temporal 
bone CSF leakage.

Causes of recurrence could be excision of intracanalicular tumors, which need 
extensive drilling, giant vestibular schwannoma, gamma knife radiotherapy prior to 
surgical excision of cerebellopontine angle tumor, revision surgery, congenital, and 
others [27].

 Outcomes

The MEO is known to be very efficient and definitive treatment for recurrent CSF 
leaks [15]. As this treatment is considered to be aggressive and has limited indica-
tions, only few results are described in the literature. The majority of them described 
excellent outcomes with a low rate of recurrent CSF leak (Table 32.4).

It should be noted this approach is often used as secondary approach, after the 
failure of a prior surgical treatment and that patients treated with MEO often have 
more comorbidities than non-MEO patients [26]. However, the post-operative CSF 
leak rate does not seem to be higher than other approaches.

Coker et al. was the first to suggest subtotal petrosectomy for closing persistent 
CSF leak. He performed it in 13 cases of CSF leak, and no postoperative recurrence 
was reported [28].

Magliulo et al. reported 100% control of temporal CSF leak in a study involved 
eight patients with different causes of recurrent CSF leak [27]. A similar result was 
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Table 32.4 Postoperative CSF leaks after a middle ear obliteration among several studies

Reference
Number of 
patients

Mean follow-up 
(months)

Postoperative CSF 
leak

Coker et al. 1986 [28] 13 ND 0%
Leoneti et al. 2005 [19] 2 59 0%
Sanna et al. 2009 [15] 55 38.4 0%
Magliulo et al. 2014 [27] 8 102 0%
Kuckowski et al. 2014 [30] 2 24 0%
Ren et al. 2021 [8] 3 16.9 0%

CSF cerebrospinal fluid, ND no data

reported by Kronenberg et al., who reported CSF leak in four patients treated with 
subtotal petrosectomy after vestibular schwannoma removal. The internal auditory 
canal was the usual pathway for CSF leakage as well as retrosigmoid, retrolabyrin-
thine, and retro- or perifacial cells [29].

 Take Home Message

MEO is a reliable option to treat recurrent CSF leaks, but it should only be used on 
patients with non-serviceable hearing, after the failure of a prior surgical procedure 
or if comorbidities of the patient do not allow any other approaches.

 Associated Treatments and Management 
of the Intracranial Hypertension

An elevated intracranial pressure (ICP) is thought to be a risk factor for spontaneous 
lateral and anterior skull base CSF leaks [24, 31]. In addition, the closure of a CSF 
leak leads to an elevation of the ICP in the postoperative period [32]. Surgeons use 
mainly two different techniques to manage the ICP:

 – A lumbar drain can be placed to monitor and manage the ICP [24]. It is usually 
removed a few days after the surgery. Nelson et al. investigated the necessity of 
perioperative LD placement for MCF repairs of spontaneous CSF leaks. They 
prospectively performed 44 MCF repairs without perioperative LD placement, 
and 6.8% developed postoperative otorrhea. They argued that a lumber drain was 
not systematically needed for a successful repair of a CSF leak. Unfortunately, 
statistical significance and patient comorbidities were not provided; however, 
one can argue that LD may be placed case by case, especially in high-risk patients 
such as morbidly obese or those with obstructive sleep apnea. They also reported 
an increased length of stay and an increased estimated cost for patients with 
lumbar drain [20].
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 – Administration of acetazolamide, a carbonic anhydrase inhibitor, decreases the pro-
duction of CSF by 39% and as shown efficiency in reducing the ICP [32, 33]. However, 
its effect on postoperative CSF leaks is yet to demonstrate clinical value.

An elevated ICP should be diagnosed as it remains a potential risk factor for a 
recurrent CSF leak. Currently, it remains unclear if the use of a lumbar drain or 
acetazolamide improve the short- or long-term outcomes for LSB reconstruction.

 Conclusion

Each surgical approach shows good results with limited risk of complications. The 
selection of the approach should be based on the characteristic of the defect (i.e., 
size, number, and location of the defect(s), the patients’ comorbidities (i.e., age, 
anticoagulant treatment, hearing, other medical conditions), and the surgeons’ pref-
erence (Table 32.5).

Table 32.5 Characteristics and outcomes of each lateral skull base reconstruction approaches

Surgical 
approach Advantage Disadvantage Indication

Relative 
contraindication

Recurrent 
CSF leak 
rate

TM Less invasive
Ability to access 
the middle ear

Risk of hearing 
loss

Small defects in 
the tegmen 
mastoideum
Concurrent 
middle ear 
pathology
Posterior fossa 
defects

Anterior 
temporal CSF 
leak
Large or multiple 
defects

0–10%

MCF Large access to 
the MCF floor
Limited risk of 
damage to the 
ossicular chain

Extended 
hospitalization
Inability to 
access the 
middle ear

Large or 
multiple defects 
of the LSB

Middle ear 
pathology
Posterior fossa 
defect

0–12.5%

Combined Access to largest 
area of skull 
base and middle 
ear

Increased 
morbidity

Large and 
complicated 
defects of the 
LSB
Concurrent 
middle ear 
pathology

0–8%

MEO Definitive 
treatment for 
recurrent CSF 
leaks

Complete 
conductive 
hearing loss
Imaging 
required for 
cholesteatoma 
surveillance

Ipsilateral 
anacusis
Recurrent lateral 
CSF leaks

0–9%

TM transmastoid, MCF middle cranial fossa approach, MEO petrosectomy with middle ear oblit-
eration, CSF cerebrospinal fluid
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 Reconstruction of the Lateral Skull Base After Accessing 
the Cerebellopontine Angle

 Retrosigmoid Approach

 Overview

The retrosigmoid (RS) approach is one of the most commonly used approaches to 
access the cerebellopontine angle (CPA) and is often preferred by surgeons because 
of its indications for tumors of all sizes and ability to preserve hearing [34].

 Outcomes

Similar to the other approaches, the RS approach has a significant risk of CSF leak, 
and there have been many studies that look at how best to perform the reconstruc-
tion. Recently, there have been new techniques on how to optimize the closure of the 
internal auditory canal (IAC), and now the focus is on how best to close the site of 
the approach [34–41]. There have been many attempted strategies to prevent CSF 
leaks such as dural closure, bone wax, temporalis muscle, temporalis fascia, tita-
nium mesh, and fat grafts [41–43] (Table 32.6).

Table 32.6 Postoperative CSF leaks after a retrosigmoid approach among several studies

Reference
Number 
of patients Technique used

CSF leak 
rate

Lebowitz et al. 1995 [39] 46 Fibrin glue to close IAC and 
retrosigmoid air cells

15%

Gal et al. 1999 [38] 35 Bone wax to occlude perisigmoid air 
cells

2.8%

Becker et al. 2003 [44] 100 Bone wax into the IAC 10%
Selesnick et al. 2004 [42] 2273 ND 10.6%
Ansari et al. 2012 [45] 1067 ND 10.3%
Fredrickson et al. 2013 [36] 79 Calcium phosphate cement cranioplasty 0%
Ling et al. 2014 [41] 58 Bone wax and fat graft for the IAC, 

autologous fat graft and titanium mesh
0%

Azad et al. 2016 [35] 24 Abdominal fat graft for the IAC, bone 
wax for air cells, additional fat graft

0%

Foster et al. 2016 [37] 672 Calcium phosphate cement cranioplasty 6%
Luryi et al. 2017 [40] 19 Calcium phosphate cement cranioplasty 0%
Hwa et al. 2021 [46] 196 Bone wax occluded air cells, and either 

norian
Or cranios bone cement was used for the 
cranioplasty

18%–no 
cement
8%–norian 
cement
1%–
cranios 
cement

IAC internal auditory canal, CSF cerebrospinal fluid, ND no data
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With the exception of Lebowitz et al. and Hwa et al., all of these studies are ret-
rospective and are not compared against a control [30, 37]. Worth noting is that 
Lebowitz et al. did not see a difference in CSF leak in patients that did or did not 
receive the fibrin glue [39].

 Take Home Message

The RS approach is a reliable way to access the CPA by aiming to preserve the 
patient’s hearing while also being the approach of choice for larger tumors of the 
CPA. CSF leaks are a known complication in postoperative time and must be pre-
vented by appropriate identification of opened temporal bone cells and their oblit-
eration during the surgery before closure of the surgical wound.

 Translabyrinthine Approach

 Overview

The translabyrinthine (TL) approach is mostly used to treat vestibular schwanno-
mas. It requires the sacrifice of the vestibula, which results in temporary vertigo and 
a complete hearing loss, but offers a better exposure of the IAC.

 Outcomes

There is a risk of developing a CSF leak after a TL approach, and the reconstruction 
should be done carefully.

A meta-analysis from 2004 found a CSF leak rate of 9.5%; however, this rate 
varies between 0.8% and 21% among other large series (Table 32.7).

The reconstruction after a TL approach classically uses an abdominal fat graft to 
fill the cavity. In addition, some teams use various techniques to reduce the risk of 
CSF leak including bone wax, titanium mesh, bone cement, or watertight periosteal 
closure.

The rate of CSF leak is similar after a TL or RS approach [42, 44, 45].
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Table 32.7 Postoperative CSF leaks after a translabyrinthine approach among several studies

Reference
Number of 
patients Technique used

CSF 
leak

Hoffmann et al. 1994 
[47]

146 ND 21%

Arriaga et al. 2002 [48] 54 Abdominal fat graft 12.5%
54 Hydroxyapatite cement 3.7%

Becker et al. 2003 [44] 100 Abdominal fat graft 13%
Selesnick et al. 2004 
[42]

3118 ND 9.50%

Fayad et al. 2007 [49] 389 Abdominal fat graft + titanium mesh 3.3%
Merkus et al. 2010 [50] 1803 Abdominal fat graft 0.8%
Ansari et al. 2012 [45] 1623 ND 7.10%
Russel et al. 2017 [51] 275 Bone pate, bone wax, abdominal fat 

graft
12%

Obaid et al. 2018 [52] 129 ND 7.8%
Selleck et al. 2021 [53] 94 Abdominal fat graft+ mesh 12.8%

38 Abdominal fat graft + periosteal 
closure

0%

CSF cerebrospinal fluid, ND no data

 Take Home Message

The TL approach has a significant risk of a CSF leak. The best reconstruction tech-
nique after a TL approach is still up for debate. Most of the centers used abdominal 
fat; however, various surgical techniques are used including hydroxyapatite cement, 
titanium mesh, or periosteal closure.

 Middle Cranial Fossa Approach

 Overview

The MCF approach is also used for CPA surgery. Its indications have decreased in 
the recent years. It allows for hearing preservation but places the facial nerve 
between the surgeon and the acoustic neuroma, especially in case of a vestibular 
schwannoma from the inferior vestibular nerve.

 Outcomes

CSF leaks after an MCF approach for an acoustic neuroma range from 5.7% to 
12.8% in recent studies (Table  32.8). A recent meta-analysis from Ansari et  al. 
reports a 5.3% leak rate. Of note, Scheich et al. reports two case of postoperative 
meningitis (1%).
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Table 32.8 Postoperative CSF leaks after a trans labyrinthine approach among several studies

Reference
Number of 
patients Technique used CSF leak

Slattery et al. 2001 [54] 433 ND 5.7%
Oghalaï et al. 2003 [55] 149 ND 10%
Becker et al. 2003 [44] 100 Bone wax into the IAC 10%
Selesnick et al. 2004 [42] 573 ND 10.6%
Sameshima et al. 2010 [56] 43 ND 4.7%
Ansari et al. 2012 [45] 436 ND 5.3%
Scheich et al. 2017 [57] 203 Temporal muscle graft and bone 

wax
12.8%

CSF cerebrospinal fluid, ND no data, IAC internal auditory canal

 Take Home Message

Although less common, the MCF approach is a great access to the CPA for small 
growing tumors of the IAC with good hearing. But it is not without its disadvan-
tages. The rate of CSF leak with this approach is similar to the other approaches and 
range from 4.7% to 12.8%.

 Locoregional and Free Flaps

 Overview

After a large resection of a skull base tumor involving the temporal bone, muscle or 
musculocutaneous flaps are often necessary. They can offer several advantages, 
such as the protection of the brain and the dura, skin for closing, providing tissue 
volume for large reconstructions, enhancing cosmetic appearance, or providing tis-
sue for a facial nerve reconstruction [58].

The flaps are often associated with other surgical techniques such as a 
reconstruction of the dura with an autologous or synthetic graft or the oblitera-
tion of the defect with abdominal fat [58]. Bone wax or hydroxyapatite can be 
considered for sealant of surrounding bony air cells. The elimination of dead 
space within the neck through use of multilayered closure and numerous tack-
ing suture may reduce the dependent capture of CSF into the neck postopera-
tively if sufficient closure could not be achieved, especially in cases of 
malignancy requiring large resections.

A large variety of flaps can be used, including local flaps (temporalis muscle, 
sternocleidomastoid muscle, supraclavicular, and submental), pedicled flaps (infra-
clavicular, pectoralis major, latissimus dorsi, and trapezius flap), or free flaps 
(anterolateral thigh, radial forearm, and rectus abdominis) (Table 32.9).
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Table 32.9 Postoperative CSF leaks and wound complications after a flap reconstruction of the 
LSB among several studies

Reference
Number of 
patients Flap

Wound 
complication

Postoperative 
CSF leak

Marzo et al. 
2005 [61]

8 Pedicled flap (trapezius flap) 12.5% 0%

Resto et al. 
2007 [62]

8 Pedicled flap (pectoralis 
major)

0% 0%

Hanasono 
et al. 2012 [60]

27 Rotational flap (temporalis 
muscle)

7.4% 0%

90 Free flap (70 ALT, 8 rectus 
abdominis, 12 others)

3.3% 4.4%

Patel et al. 
2015 [59]

21 Rotational flap (10 SCM, 9 
temporalis, 2 other)

19% 0%

11 Pedicled flap (9 pectoralis, 1 
latissimus dorsi, 1 trapezius)

36% 9%

10 Free flap (4 ALT, 2 RFA, 2 
rectus abdominis, 1 gracilis, 1 
fibula)

0% 10%

Howard et al. 
2016 [63]

16 Rotational flap (submental) 0% 0%
6 Pedicled flap (latissimus 

dorsi)
0% 0%

9 Free flap (anterolateral tight) 0% 0%

CSF cerebrospinal fluid, ND no data, SCM sternocleidomastoid muscle, RFA radial forearm, ALT 
anterolateral thigh

 Outcomes

Locoregional flaps, as compared to pedicled and free flaps, often provide shorter 
operative times a shorter and length of stay [59, 60].

For patients who have already received radiation to the field preoperatively, 
which decreases the area’s healing capacity, the rate of wound complications can be 
significantly higher with local and pedicled flaps. In these cases, free flaps, espe-
cially an anterolateral thigh flap, are good options.

 Take Home Message

Large tumor resections involving the temporal bone often require a locoregional or 
free flap. Locoregional flaps have a shorter operating time and a shorter length of 
stay, but free flaps should be preferred for irradiated tissue.
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 Conclusion

Whether repairing an existing defect, preventing a CSF leak after an LSB surgery, 
or after a large oncological resection, multiple situations can require an LSB 
reconstruction.

Depending on the situation, various techniques are available to the surgeon. Each 
approach has its own advantages and disadvantages, and one should prefer the least 
invasive technique allowing for the successful repair of the defect.

The systematic use of associated treatments such as acetazolamide or lumbar 
drains is controversial, and their effectiveness needs to be further evaluated.

Overall, all approaches show strong results with rare cases of failure. This chap-
ter serves to highlight the benefits and outcomes that can be expected from each 
approach used for LSB reconstruction.
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Chapter 33
Medicolegal Issues in Skull Base 
Reconstruction

Janet S. Choi and Joni K. Doherty

 Informed Consent

Skull base reconstruction can be challenging due to complex anatomy and potential 
major complications. A broad range of reconstructive techniques is available for 
skull base defects in head and neck surgery. The method of reconstruction depends 
on a variety of factors including the extent and location of the defect, etiology and 
presence of CSF leak, patient comorbidities, desired functional and cosmetic out-
comes, and previous history or future need for adjuvant therapy [1–3]. Multiple 
methods can be often acceptable with differential benefits and risks. Therefore, 
informed consent is an essential step in ensuring that patients are fully aware of the 
risks, benefits, and alternatives. The informed consent process comprises two major 
components derived from the rights that affect the patient: (1) the right to receive 
adequate information enabling the patient to make the best decision and (2) the 
patient’s right to give consent [4].

Adequate information for a given skull base reconstruction surgery includes, but 
is not limited to, the nature of the surgery, the expected benefits, material risks and 
adverse effects, alternative treatments including conservative options, and the con-
sequences of both having and not having the recommended procedures. Surgeons 
should provide patients information on the nature of the surgery including the 
details of the surgical procedure where a reasonable patient would understand [5]. 
The primary goal of skull base reconstructive surgeries is to repair dural defect to 
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obtain watertight separation between the intracranial contents and the adjacent cavi-
ties. Major expected benefits of the surgery include prevention of cerebrospinal 
fluid (CSF) leak, pneumocephalus, and infections such as meningitis. Additionally, 
skull base reconstruction may provide coverage of exposed major vascular struc-
tures, provide coverage of vascularized soft tissue for better wound healing if previ-
ously irradiated, and improve cosmesis for large defects. Improvement in quality of 
life and functional outcomes have been reported in prior literature for patients who 
underwent skull base reconstruction. Gil et  al. reported that the quality of life 
improved 6-months postoperation among patients after anterior skull base recon-
struction [6, 7]. Patients who underwent reconstruction due to benign pathology had 
higher improvement in quality of life in comparison to patients with malignant 
pathology [6, 7]. The surgical approach (endoscopic vs. open approach, combined 
vs. open approach) did not affect quality of life among these patients [7, 8].

Major risks of skull base reconstruction surgeries include CSF leak, pneu-
mocephalus, intracranial infections, cerebral infarct with its serious down-
stream effects (i.e., cognitive impairment, cranial nerve deficits, diplopia, 
dysphagia, and dysarthria), orbital complications, and death. A systematic 
review on outcomes of anterior skull base reconstruction reported that the over-
all reported rate of CSF leak in previous literature ranged from 0 to 14% [9]. 
CSF leak rate for reconstruction with free grafts at 15.6% was significantly 
higher than leak rate at 6.7% for vascularized reconstructions for large dural 
defects [10]. Complication rates of pneumocephalus and intracranial infections 
such as meningitis ranged from 0 to 7% and 0 to 13.5%, respectively [9]. 
Mortality rate from anterior skull base reconstruction ranged from 0 to 7% [9]. 
Thompson et  al. compared reconstruction outcomes for various lateral skull 
base closure techniques and reported major complications to be at 8% with the 
most frequent being stroke at 3% [11, 12]. If locoregional or free flaps are used 
for reconstruction, flap-related complications including flap necrosis, partial 
or total flap failure, and donor site morbidities should be discussed. Flap fail-
ure rates were reported to range from 0 to 35% for locoregional flaps and from 
0 to 14% for free flaps [9].

Minor risks of the skull base reconstruction surgery include wound complica-
tions (e.g., dehiscence, infection), bleeding/hematoma, temporary or permanent 
changes of smell and taste, chronic rhinosinusitis/mucocele, pain, numbness, swell-
ing, and scarring. Wound complications have been reported in up to 45% of skull 
base reconstruction cases [9, 11]. Surgeons should discuss that patients may need 
prolonged hospital stay, activity restrictions, CSF diversion procedures, or a revi-
sion surgery when complications occur. Any alternative treatment options including 
observation, medical management, and CSF diversion procedures (e.g., EVDs, lum-
bar drains, shunts, and dural venous sinus stenting) should be discussed along with 
all surgical options. The pros and cons of all management options in context of each 
patient’s medical condition should be highlighted.

After adequate information is provided to the patients, it is essential for surgeons 
to assess the patient’s understanding of the information given the broad range of 
skull base reconstruction options. Patients then should preserve the right to consent 
freely without coercion. It is important to avoid providing misinformation or 
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exaggerating the harm of not following the recommended treatment or the benefits 
of accepting the treatment. Efforts should be made to promote the informed consent 
process to be a shared decision-making process through a collaborative communi-
cation between surgeons and patients, integrating the best evidence available along 
with the patients’ values and preferences [5].

 Litigation

Skull base defects can be successfully treated in most cases with recent advance-
ment in understanding of anatomy, etiology, and medical and surgical management 
options. Still, there exist cases with inadequate and inappropriate management and 
surgical complications that may lead to significant patient morbidity and mortality 
and further malpractice litigations.

According to the malpractice report published in 2019, 83% of surveyed oto-
laryngologists reported that they have been sued at least once during their career, 
listing otolaryngology as a top third highly litigated surgical specialty after gen-
eral surgery and urology [13]. Ceremsak et al. reported that Rhinology was the 
most frequently implicated subspecialty in medical malpractice in otolaryngology 
comprising 28% of all cases identified between 2010 and 2019, followed by head 
and neck surgery comprising 17% [14]. Although no previous studies have 
reviewed litigation characteristics specific to the skull base defect management 
and reconstruction surgeries, the risk for litigation is expected to be high where 
management involves highly litigated subspecialties such as rhinology, head and 
neck surgery, neurotology, and neurosurgery. In otolaryngology, the most com-
mon procedure identified to be involved in medical malpractice litigations is 
endoscopic sinus surgery, which is routinely utilized in anterior skull base recon-
struction [14]. Nearly half of the malpractice allegations were on improper surgi-
cal performance (49%) followed by failure to diagnose, refer, or treat (32%); 
medical complications (6%); unnecessary procedures/treatment (5%); and con-
sent issue (4%) [14].

Medical malpractice is a specific subset of tort law that is defined as any act or 
omission by a physician during treatment of a patient that deviates from standards 
of care and causes an injury to the patient [15]. During evaluation, physicians should 
obtain a thorough history and physical exam and obtain appropriate imaging and 
consultation within the standards of care to minimize risks of malpractice litiga-
tions. Many malpractice claims have been identified where physicians were liti-
gated due to a failure to timely and properly formulate appropriate differential 
diagnosis, failure to timely refer to consultants, and delayed diagnosis of skull base 
defects and tumor [16, 17]. If surgical intervention is offered, physicians must 
describe the recommended intervention and disclose the benefits, risks, and alterna-
tives to obtain informed consent on the reasonable patient (what would the average 
patient need to know to make an informed decision) and reasonable physician stan-
dard (what would the typical physician discuss about the intervention) [16].
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Surgical complications may occur despite meticulous technique and lead to a 
malpractice litigation. Common surgical complications cited in skull base recon-
struction lawsuits include intracranial complications (e.g., CSF leak, brain injury, 
meningitis, hemorrhage), neurologic injuries, death, and need for additional surgery 
[16]. Anterior skull base reconstruction complications commonly implicated in 
malpractice litigations additionally include orbital injuries (blindness, diplopia), 
anosmia, and atrophic rhinitis. Complications commonly involved in lateral skull 
base reconstruction malpractice litigations include facial nerve paralysis, hearing 
loss, and tympanic membrane perforation [18].

A recent review of otolaryngology malpractice cases from 2010 to 2019 reported 
that 89% of the identified cases with available liability data were ruled in favor of 
the defendant otolaryngologists [14]. The rate of liability outcome in favor of physi-
cians ranged from 47 to 89% depending on the allegation type and study period [14, 
16, 18–22]. The average payment to plaintiff was $4.24 million ranging from 
$15,000 to $10.25 million [14]. Reviews of malpractice cases of rhinology-related 
cases including endoscopic sinus surgery reported that 56–62% cases were ruled in 
favor of the defendants [21, 23]. Lydiatt et al. reported that 23% of cases involving 
sinonasal diseases were ruled in favor of plaintiffs with a median judgement award 
of $650,000 and 15% of cases were settled with a median settlement of $575,000 
[21]. A review of malpractice cases involving vestibular schwannoma often impli-
cated in lateral skull base reconstruction reported that 56% of cases were ruled in 
favor of the defendants with judgment amount ranged from $400,000 to $2 million 
[24]. Of the malpractice claims involving facial nerve paralysis, 47% resulted in 
ruling favoring defendants with a mean plaintiff award of $578,000 and a mean 
settlement of $337,000 [20]. Previous reviews on medical malpractices cases were 
based on professional databases such as WestLaw and LexisNexis, which may not 
be comprehensive. A majority of malpractice cases are expected to be settled confi-
dentially out of court and not documented in these databases.

 Tips to Minimize Risk

Even the most skilled physicians may find themselves the subject of medical mal-
practice litigation. Medical malpractice claims present a significant financial, emo-
tional, and time burden for physicians and healthcare systems [25, 26]. Previous 
studies in various surgical fields have demonstrated that malpractice claims can be 
reduced by improving physician-patient communication and physician education 
based on risk management and prevention strategies developed from litigation anal-
ysis [27–32].

Patient-centered communication is a vital step in establishing rapport with 
patients with positive impact on patient behavior, care outcomes, and satisfaction 
often leading to the reduction of litigation risk. Klimo et al. reported that poor phy-
sician communication and interpersonal skills, an appearance of withholding infor-
mation, and an impression that the physician was rushed and uninterested in patient 
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concerns were significantly associated with a higher risk of litigation [33]. Details 
on the treatment options available and why a particular option is recommended 
should be discussed with the patients [31]. Unrealistic patient expectations on func-
tional or cosmetic outcomes and specific risks should be addressed before the treat-
ment begins. Radiologic findings should be reviewed with patients with actual 
images when possible. Any anatomical variants noted on radiology imaging should 
be discussed prior to the intervention. Discussions with the patients should be thor-
oughly documented as the medical record is the main source of evidence and 
defense during malpractice litigation.

During surgery, measures should be taken to minimize complications whenever 
possible within the standard of care. There have been many advancements in surgi-
cal technologies in skull base reconstruction to improve technical accuracy and 
reduce complications. For example, intraoperative image-guided systems can assist 
surgeons in identifying anatomical landmarks that may have been altered by trauma, 
tumor invasion, or previous surgery or radiation during skull base reconstruction. 
Although Ramakrishnan et  al. reported that the use of image guidance has not 
clearly been shown to decrease surgical complications or improve outcomes in a 
systematic review of endoscopic sinus surgeries [34, 35], image-guided surgery 
should be considered in skull base reconstruction for advanced diseases and revi-
sion cases if indicated. Appropriate choice of surgical approach such as endoscopic 
versus open in anterior skull base reconstruction is also important. Systematic 
reviews have shown that the complication rates were significantly lower among 
patients who underwent endoscopic approach for anterior skull base defect in com-
parison to open repair [10, 36]. The use of image guidance and surgical approach in 
skull base reconstruction can be based on clinical judgment and applied on a case- 
by- case basis. Cranial nerve monitoring should be adapted when appropriate for 
lateral skull base reconstruction. Previous studies have shown that the facial nerve 
anatomical preservation rates were significantly higher among monitored group in 
comparison to unmonitored group especially among patients with large skull base 
tumors [37, 38]. Auditory brain stem responses and electrocochleography can be 
recorded intraoperatively as a method of monitoring auditory functioning with limi-
tations [39–41]. After surgery, detailed and honest operative reports including clear 
indications and complications that occurred during the surgery should be 
documented.

When complication occurs during medical care or treatment, it is always better 
to have a forthright conversation with the patient explaining what happened and 
why. Vincent et al. have reported that what patients want from their physicians fol-
lowing a medical error is an apology and the assurance that what happened to them 
will not happen to someone else [42]. Adverse patient outcomes are distressing to 
both physicians and patients, and physicians may be fearful and reluctant to disclose 
details. However, it is important to understand that not every error is the result of 
negligent behavior. In fact, only 1–2% of adverse events led to malpractice claims 
[43–45]. What is commonly considered to be below the standard of care would be 
the physician’s failure to explain this potential complication as part of the informed 
consent, failure to describe the symptoms to watch for after the procedure that might 
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indicate that a complication has occurred, failure to tell the patient that a complica-
tion did occur, and failure to recognize the complication in a timely manner [46]. 
Witman et al. reported that the malpractice litigation is more likely to occur among 
cases where physician did not disclose an error [47].

Diagnosis and management of skull base defect involves multidisciplinary team 
comprising primary care physician, neurologist, radiologist, pathologist, rhinolo-
gist, neurotologist, neurosurgeons, and head and neck surgeons. If an invasive inter-
vention is recommended, it is important to form a team of skilled surgeons to 
provide the best practice. Most malpractice claims of surgical complications start 
with a key question whether the surgeon was qualified to perform the procedure. 
Surgeons should perform procedures within the range of their routine practice based 
on their training and experience. Assistant from an appropriately trained colleagues 
should be requested if there need skills outside of their routine scope of practice to 
provide the treatment or when complications occur [17, 48].

Skull base reconstruction carries significant risks inherent to the intricate anat-
omy and various pathology. Unexpected complications may arise from various 
steps of skull base defect management leading to malpractice claims. Proper evalu-
ation, consultation, patient selection for interventions, and meticulous techniques in 
surgery along with the honest and open communication with patients during the 
entire process of evaluation and management may help avoid malpractice claims 
and, more importantly, provide the best patient care.
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Chapter 34
Emerging Developments in Skull Base 
Reconstruction

Khodayar Goshtasbi, Bobby A. Tajudeen, Harrison W. Lin, 
Hamid R. Djalilian, and Edward C. Kuan

 Laser Tissue Welding

Laser tissue welding (LTW) is a technology that has been studied both experimen-
tally and clinically in mucosal and vascular repair [1], intestinal and colorectal 
repair [2], sealing air leaks after lung surgery [3], corneal cut closure [4], and endo-
scopic cranial base reconstruction [5, 6]. This technique applies laser energy (808- 
nm diode) to a chromophore-doped biological solder to create instant fluid-tight 
wound repairs with minimal foreign-body reaction [7]. Given the continuous chal-
lenges in skull base reconstruction and prevalence of postoperative CSF leaks, LTW 
can theoretically offer primary wound closure by endoscopic sealing of wound 
edges using a laser and biological solder that controls for post-repair leaks [6].

It has been more than a decade since the first endonasal LTW human experiment 
was published, where patients’ solders persisted for up to 26 days and withstood the 
hydrostatic intracranial pressures [5]. Furthermore, the study reported no equipment 
malfunctions or patient complications, and inflammation, edema, and thermal 
energy were not statistically different than a control group. A subsequent animal 
study by the same researchers reported on a novel polysaccharide soldering gel to 
address the limitations of the previously used hyaluronic acid-based liquid solder, 
which would improve bridge tissue gaps and burst pressure, minimize gravitational 
displacement, and avoid intraoperative dilution from bleeding or irrigation and 
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successful resorption without long-term deleterious effects [6]. Since these publica-
tions, there have been no major advancements in our understanding of LTW and 
anterior skull base reconstruction, or potential applications to endoscopic lateral 
skull base reconstruction. Future studies are needed to investigate the technical fea-
sibility and safety of this technology, especially thermal conduction around critical 
neurovascular structures, and further optimize the solder formulations in skull base 
reconstruction.

 Endoscopic CNS Drug Delivery

The drug delivery of large molecule therapeutics to the central nervous system for 
treating neurodegenerative disorders is limited by the blood-brain barrier (BBB). 
Reduction of brain-derived neurotrophic factor (BDNF) levels are associated with 
several neurodegenerative disorders [8], which have led to various efforts for BDNF 
augmentation to mitigate disease progression [9]. A novel minimally invasive nasal 
depot (MIND) technique was recently introduced for direct trans-nasal drug deliv-
ery to the olfactory submucosal space [10]. To overcome limitations of topical intra-
nasal drug administration, this technique suspended the drug in a gel carrier that 
gets endoscopically injected into the olfactory epithelium’s submucosa (directly 
surrounding the olfactory neurons) and achieved 40% of direct intracerebroven-
tricular delivery [10].

Another method to bypass the BBB is transmucosal drug delivery using mucosal 
graft techniques. Animal studies have demonstrated that the mucosal graft could 
transport molecules 1000x larger than what BBB directly permits (up to 500 kDa) 
by creating a permanent semipermeable window in the BBB using purely autolo-
gous tissues [11]. These mucosal grafts could thus bypass the BBB and deliver CNS 
therapeutics when engrafted over an arachnoid defect, with an efficacy similar to 
direct intrastriatal injections [12]. Proper human studies are warranted to investigate 
the utility of this technique, given human mucosal graft area-to-brain volume ratio 
is higher than the studied animals, and that in animal brain, diffusion to more distal 
regions via CSF circulation is less possible [13].

 Point-of-Care CSF Detection

Prompt and accurate diagnosis of CSF leak is unfortunately challenging and far 
from adequate. For most clinicians, characterizing a colorless and odorless 
discharge such as CSF involves a high degree of clinical suspicion and may 
include a combination of history and physical examination, imaging, and labo-
ratory testing. It is also common to acquire high-resolution computed tomogra-
phy and magnetic resonance imaging to aid with diagnosis, which may be 
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timely, costly, and contraindicated in selected patients, without certainty of 
diagnosis [14]. Moreover, signs and symptoms of CSF leak are nonspecific and 
may include headache, tinnitus, malaise, fever, or nasal/ear drainage, thereby 
risking misdiagnosis even by the most experienced of clinicians. This may also 
lead to a delay in diagnosis and management, leading to iatrogenic complica-
tions, antibiotic resistance, and substantial costs associated with unnecessary 
treatments [15–17]. The current standard of diagnosis requires sending sam-
ples to an outside laboratory and waiting 4–7 days for results, which may not 
be completely reliable depending on sample contamination (e.g., co-presence 
of blood or dilution by mucus/secretions). Despite the great need to create a 
reliable, fast, and user-friendly CSF detection tool, there currently exist no 
FDA-approved or widely used point-of-care (POC) devices available.

Current attempts to create such a POC device have aimed to quantify beta-trace 
protein (βTP) or beta-2 transferrin (β2TF), which are both reliable indicators of 
CSF [18, 19]. Development of the first rapid POC test kit has been recently pub-
lished where the researchers utilized a barcode-style lateral-flow immunoassay 
for βTP quantification [20]. The reported test kit is composed of the lateral-flow 
immunoassay, collection swab, dilution buffers, disposable pipettes, and instruc-
tions, designed for an untrained user to test a solution in 20 min [20]. Future stud-
ies to continue investigating the sensitivity and specificity of the test especially 
when testing contaminated samples (e.g., with blood) are warranted before poten-
tial mass adoption.

Alternative targets for detection have also been explored. Dickkopf-related pro-
tein 3 (DKK3), which is a protein present in CSF and in trace amounts within serum, 
has been studied as a potential target for detection. Given limited renal clearance, it 
is less likely to generate false positives in patients with renal disease. Using immu-
noblotting techniques, Michaelides et al. were able to detect DKK3 in CSF with as 
little as 0.25 μL of volume within 10 min; conversely, no DKK3 was detected in as 
much as 15 μL of serum, with minimal cross-contamination by blood [21]. This 
technology has the potential to bypass specialized laboratory testing and prevent 
treatment delays for those patients with suspected CSF leak.

Another study quantified β2TF using an immunochromatographic assay testing 
strip via implementing sialic acid-specific lectins [22]. Specifically, immobilized 
lectin is implemented into deletion lines to capture sialotransferrins at the beginning 
of the test strip. Near the end of the strip, immobilized anti-transferrin antibodies are 
able to detect the remaining β2TF [22]. Despite the success of this two-stage detec-
tion system, future studies are warranted to address several limitations including the 
requirement for sample pre-treatment, assay time of 70 min excluding pre-treatment 
time, and mere testing of artificial positive and negative clinical samples. Despite 
the limitations of these studies, their significant achievements lay the groundwork 
for subsequent studies to validate POC CSF-detection devices and markedly 
improve skull base patient care.
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 Indocyanin Green in Skull Base Surgery and Reconstruction

Endoscope-integrated indocyanine green (ICG) was first introduced to skull base 
surgery to visually differentiate pituitary adenomas from surrounding tissues, there-
fore minimizing injury to surrounding structures and facilitating complete resection 
of the tumor [23]. Since then, this technology has evolved into various applications 
in skull base surgery to visualize vascular structures and confirm vascular patency 
and biopsy intraventricular tumors [24–27]. Near-infrared florescence imaging 
using second-window indocyanine green, which relies on the passive accumulation 
of ICG within skull base tumors such as pituitary adenoma, also has potential to 
serve as an adjunct to accurately localize the tumor and all the surrounding struc-
tures and thus improve surgical outcomes [28, 29]. In the fields of plastic and head 
and neck reconstructive surgery, there have been numerous publications on the util-
ity of ICG to test the viability of local, pedicled, or free flaps [30–32]. For endo-
scopic skull base reconstruction, endoscope-integrated ICG has been recently 
utilized to evaluate nasoseptal flap perfusion [33, 34]. This is an important topic 
since there are no validated techniques to intraoperatively evaluate the vascularized 
flap’s viability, which may be compromised pre- or peri-operatively, during endo-
scopic reconstruction of skull base defects.

One study tested ICG near-infrared fluorescence endoscopy on 38 patients 
undergoing endoscopic skull base reconstruction with nasoseptal flap [34]. When 
the pedicle and body of the flap both enhanced intraoperatively, all of those patients 
showed MRI contrast enhancement postoperatively, and there were no instances of 
flap necrosis. Two of the three patients with no ICG enhancement experienced flap 
necrosis, and of the 15 patients with either just pedicle or just body only enhance-
ment, one experienced flap necrosis. The authors found no association between ICG 
enhancement and postoperative CSF leak. The study also noted an important limita-
tion that would need to be addressed in future studies, namely, the subjective intra-
operative evaluation of ICG assessment as opposed to an objective measurement 
such as in Hounsfield units. Another study also reported on the experience of five 
patients, where all the nasoseptal flaps were enhanced on intraoperative ICG evalu-
ation, and they corresponded to appropriate postoperative healing of all flaps with-
out complications [33]. ICG near-infrared imaging of nasoseptal flap can also be 
correlated with postoperative MRI flap enhancement [34].

 Wound Healing Models in Skull Base Reconstruction

There are continuous scientific developments to appropriately reconstruct the skull 
base, prevent CSF leak, and minimize postoperative complications or need for reop-
eration. The reconstruction aims to form a tight dural seal that contains CSF, pre-
vents air from passing into intracranial space, and separates the unsterile sinonasal 
tract from the sterile subdural space. Although appropriate dural healing is crucial 
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to prevent CSF leaks, there remain many gaps in knowledge on the topic of healing. 
One study constructed a bacterial cellulose membrane as a novel dura patch, which 
could form an elastic, resistant, and nontoxic biogel, which accommodates collagen 
and growth factors [35]. Bacterial cellulose has been widely studied for wound heal-
ing in other fields because of its unique characteristics such as high water content, 
crystallinity, mechanical stability, and high degree of polymerization, and its biome-
chanics, biocompatibility, and reported fibroblastic ingrowth make it a potential 
candidate for dural repair [35]. Healing can also be promoted by the inflammatory 
response triggered by fibrin glue, which was shown to reduce rates of CSF leak via 
strengthening the repair and improving graft adherence [36]. It was also reported 
that stimulating factors (e.g., fibroblast growth factor type 2 and insulin) can further 
stimulate dural closure in an in vitro dural healing model [37], which can become 
imbedded in closure material or be applied over dural suture lines in the future. The 
healing effects of autologous mucosal grafts, tested in injured rabbit maxillary 
sinuses, were recently compared to spontaneous wound healing and showed 
improved cellular composition with larger areas of ciliary epithelium and lengthier/
narrower cilia [38]. Notably, a new dural healing model using human cells has been 
introduced [39], which will continue improving upon our understanding of dural 
healing and closure compared to the standard animal-based healing models.

 Biomechanical Models for Skull Base Reconstruction

There are several techniques to seal skull base defects and prevent CSF leaks. These 
include vascularized pedicled flaps (e.g., nasoseptal flap), synthetic grafts (e.g., col-
lagen, fibrin glue), and free-graft repairs (e.g., fat, temporalis fascia) [40]. There are 
currently no gold-standards among these techniques, and all are commonly per-
formed according to surgeons’ preference. As such, there are active investigations 
regarding the biomechanical properties and strength/durability of various graft 
types. For instance, it was shown that burst strength of different repair techniques 
could be compared using a simple in vitro methodology, where authors showed the 
biomechanical advantage of Tisseel fibrin compared to suture, U-CLIP, and under-
lay/overlay techniques [41]. This is in-line with a more recent ex vivo study of six 
repair techniques, where Tisseel supported greater pressures than repairs without 
tissue sealant for large dural defects [42]. Another in vitro study tested the biome-
chanical properties of various soft tissue skull base repairs with reported absolute 
breaking strengths. They showed that the fibrin glue and pericranium combination 
was the strongest repair with the ability to withstand six times normal intracranial 
pressure, which supported the use of fibrin glue as a sealant and the use of pericra-
nium as an alternative free graft when no other autologous grafts are available [40]. 
Furthermore, an ex vivo model study investigated the failure pressure of autologous 
mucosa/Tisseel, fat graft, and bath plug techniques on 5-mm dural defects. They 
showed that the bath plug technique had the highest tolerance pressure and the only 
one to withstand normal adult CSF pressure, while the fat graft had the highest 
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variability and inconsistency between trials [43]. It should however be noted that 
such ex vivo biomechanical models are limited in the inability to assess wound heal-
ing, additive strengths of vascularized tissues, and other properties that make real-
life human dural repair multifaceted.

Augmentation of dural repair with an acrylic plate under a foley catheter for dif-
fuse support was recently tested in an ex vivo model. This resulted in tolerating the 
greatest amount of intracranial pressure (and the only one withstanding the upper 
limits of normal adult pressure) compared to other tested repairs (mucosa with 
fibrin glue with or without foley catheter) [44]. Some studies have utilized a pres-
sure testing apparatus to test the biomechanical characteristics of various repairs 
[36]. Studies in live models are needed to replicate these findings while accounting 
for the effects of wound healing, blood coagulation, changing temperature, and 
pedicled flap repair on the fibrin sealant. The novel use of titanium clips compared 
to tissue glue was studied in an ex vivo porcine biomechanical model, showing that 
tissue glue (collagen matrix graft with polyethylene glycol glue) had the highest and 
novel titanium clips had the lowest failure pressures [45]. Despite this finding, there 
is certainly a continued need for invention of novel material with the highest biome-
chanical viability and endurance.

 Training Through Simulations and 3D Printed Models

Technological developments in the past decade are offering novel opportunities to 
improve training in skull base surgery and reconstruction, including surgical simu-
lations and three-dimentional (3D)-printed models. In addition to allowing extra 
practice in a safe environment, this can allow trainees to experience rare conditions 
that are otherwise not encountered often during training. For instance, given internal 
carotid artery (ICA) injury and its management is rarely encountered during train-
ing [46], there were recent efforts to develop cadaveric stimulation models of ICA 
injury for residents and attendings. These efforts showed significant improvement in 
performance and confidence after participating in the brief and low-cost simulation 
[47, 48]. Similarly, a perfusion-based human cadaveric model was developed for 
simulation of dural venous sinus injury and repair, which was beneficial in improv-
ing management skills of the participating residents [49]. Perfusion-based human 
cadaveric models were also utilized to simulate CSF leak repair, which led to an 
increase in knowledge and confidence of the participants [50].

Compared to cadaveric models, virtual reality (VR) models allow for artificial 
incorporation of anatomical variations, rare scenarios, and repeated attempts at vari-
ous tasks [51]. In lateral skull base surgery education, one study developed an inter-
active stimulation that combined a 3D operative perspective from the lead surgeon 
with VR models of the temporal bone that could be manipulated [52]. An anatomy- 
specific VR surgical rehearsal for cortical mastoidectomy with facial recess was 
also developed, which resulted in significant increase in confidence and perfor-
mance of the training participants [53]. VR haptic simulators have also been 
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introduced to the field of anterior skull base surgery to provide a realistic training 
environment [54]. The incorporation of these technologies may prove promising in 
the training of skull base reconstruction in the future.

The development of 3D-printed models has also optimized teaching and 
improved trainee’s understanding and subsequent performance. The applications of 
3D technology and their incorporation into surgical training are increasing because 
of their cost, availability, lack of regulatory requirements, and ability to customize 
and create rare variations [55]. Three-dimensional models have been developed to 
simulate surgery for complex intracranial lesions [56], cranial nerve management 
[57], endoscopic anterior skull base simulation [55], and lateral skull base training 
[58]. Lastly, these technologies can provide both educational opportunities as well 
as novel approaches for treatment and reconstruction of skull base lesions. One 
study described a challenging case of a petrous apex cyst through a subcochlear 
surgical corroider, where the combination of VR, 3D-printed model, and navigation 
enabled a safe transcanal endoscopic approach [59].
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