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Preface

Over the years, with advancements in imaging and management techniques, the 
domain of skull base surgery has expanded enormously, dealing with pathologies 
extending their reach into neighboring territories such as the orbits, paranasal 
sinuses, craniocervical junction, and the head-neck region involving the bony skull, 
brain and its covering, cranial nerves, major cerebral vessels, venous sinuses, and the 
brainstem. The spectrum of techniques encompasses traditional open approaches 
with ever-growing precision of endoscopic methods, supplemented with a multidis-
ciplinary team of specialists. This book selectively discusses the complex terrain of 
skull base surgery and elaborates on approaches to the anterior, middle, and posterior 
cranial fossa. The introductory chapter provides a comprehensive overview of pen-
etrating skull base injuries, discussing their etiology, clinical presentation, diagnostic 
workup, and management strategies. Other chapters discuss transnasal endoscopic 
pituitary surgery, including its indications, techniques, and potential complications; 
the endoscopic endonasal approach for tuberculum-planum sphenoidale meningi-
oma; reconstruction of scalp and forehead defects; and management of blunt cere-
brovascular injury. This book contributes to existing knowledge for the management 
of complex pathologies involving the skull base and related structures.

Amit Agrawal
Department of Neurosurgery,

All India Institute of Medical Sciences,
Bhopal, India



Preface

Over the years, with advancements in imaging and management techniques, the 
domain of skull base surgery has expanded enormously, dealing with pathologies 
extending their reach into neighboring territories such as the orbits, paranasal 
sinuses, craniocervical junction, and the head-neck region involving the bony skull, 
brain and its covering, cranial nerves, major cerebral vessels, venous sinuses, and the 
brainstem. The spectrum of techniques encompasses traditional open approaches 
with ever-growing precision of endoscopic methods, supplemented with a multidis-
ciplinary team of specialists. This book selectively discusses the complex terrain of 
skull base surgery and elaborates on approaches to the anterior, middle, and posterior 
cranial fossa. The introductory chapter provides a comprehensive overview of pen-
etrating skull base injuries, discussing their etiology, clinical presentation, diagnostic 
workup, and management strategies. Other chapters discuss transnasal endoscopic 
pituitary surgery, including its indications, techniques, and potential complications; 
the endoscopic endonasal approach for tuberculum-planum sphenoidale meningi-
oma; reconstruction of scalp and forehead defects; and management of blunt cere-
brovascular injury. This book contributes to existing knowledge for the management 
of complex pathologies involving the skull base and related structures.

Amit Agrawal
Department of Neurosurgery,

All India Institute of Medical Sciences,
Bhopal, India



1

Chapter 1

Introductory Chapter: Penetrating 
Skull Base Injuries
Amit Agrawal

1. Introduction

Penetrating skull base injuries (PSBI) can be caused by a range of mechanisms, 
and present a diagnostic and management challenge [1–5]. Usually, these injuries are 
caused by sharp objects, and these objects get entry into the skull via oro-cranial, 
transorbital intracranial, or transnasal routes [6–8]. While examining this group of 
patients, a high index of suspicion as if the entry wound is small, these lesions can 
be overlooked, hence, the overall incidence may get under-reported [4, 9]. A range 
of objects have been reported to cause PSBI raging from toilet brush handle, arrows, 
chopsticks, flatware, screwdrivers, keys, car antenna aerials, scissors, knives, pitch-
forks, crochet hooks, knitting needles, breech pins, umbrella bibs, crowbars, and 
iron rods [4–7, 10–18]. There is an ongoing need to better understand PSBIs including 
associated complications, and to develop effective management protocols for these 
sub-groups of traumatic brain injuries [1, 19–24].

2. Epidemiology

In view of low incidence, the overall epidemiology is largely compiled from 
reported cases and experiences from different institutions [4, 25–29]. Common 
causes of PSBIs include accidents, suicide attempts, and assaults [30], accounting for 
approximately 0.4% of all cases of head injuries [31]. The risk of injuries is higher in 
children who may be left unattended due to various reasons or attended by younger 
siblings [32]. PSBIs can be caused by low-velocity projectiles, i.e. the impact veloc-
ity < 100 m/s [33]. In cases of PSBIs, the foreign bodies can penetrate the cranial 
cavity via the orbital roof route as the orbital plate of the frontal bone, through face 
and facial bones, through the nasal cavity, or may directly penetrate the skull bones if 
the force is strong enough [5, 16, 18, 21, 34–36].

3. Imaging

In addition to careful and systematic clinical examination, radiological imaging 
has improved our approach to detect PSBIs as it will show the presence and route of 
foreign bodies and, extent of injury to bones and brain parenchyma [21]. The modali-
ties of imaging include CT scan (including 3-D reconstruction) with bone window, 
MRI, X-ray skull, and in ocular route of entry, the ultrasound imaging of the orbit 
and its contents [1, 37]. The presence of radiopaque foreign bodies including metallic 
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foreign bodies can be well visualized on CT scan and radiographs, however, organic 
foreign bodies including peanut, wood, or bamboo pieces may be missed [4–6, 38–40]. 
Non-metallic foreign bodies can be better visualized on contrast-enhanced magnetic 
resonance imaging (MRI) [41, 42]. CT angiogram is to assess the cerebral vasculature 
as well as the magnitude of bone loss or damage during these injuries [1].

4. Management

A combination of careful history, clinical examination, radiological imaging, 
and high index of suspicion can help in planning the comprehensive management of 
patients with PSBIs [40]. Once the details of the trajectory of foreign body, presence 
of absence including the site of CSF leak and the details and associated intracranial 
hematomas or vascular injuries are obtained, a strategy to treat conservatively or surgi-
cal approaches can be planned [1, 28, 35, 43, 44]. The basic principles are early removal 
of foreign (to reduce the risk of infection), removal of foreign body, and meticulous 
repair of the defect particularly of the dura to stop or prevent CSF and reduce the risk 
of meningitis and other catastrophic complications [6, 8, 21, 28, 40, 45, 46]. This can 
be followed by broad-spectrum antibiotics based on the institute policy or available 
guidelines, which can be changed to appropriate antibiotics after the culture and 
sensitivity report is available [6, 40, 47–49].

5. Complications

PSBI can be associated with various complications including intracranial infec-
tions, cerebrospinal fluid leaks, intracranial hemorrhage, pneumocephalus, and 
cerebral edema [2–5]. Appropriate antibiotics can be selected aiming to manage the 
Staphylococcus aureus and Gram-negative organisms as these are the most common 
organisms, later can be changed to the antibiotics based on culture and sensitivity 
patterns [16, 30, 47, 50, 51]. It is of utmost importance to anticipate the potential risk 
of CSF leak and take adequate measures to repair the defects in bone and remove 
the foreign bodies [1, 6, 52–54]. The complications can be potentially prevented by 
appropriate and timely management interventions including careful and thorough 
irrigation of the wound to remove contaminated bone and tissue fragments and any 
foreign bodies [30, 35]. Post-operative imaging particularly a CT scan brain can be 
performed to ensure the removal of foreign bodies or any new or expanding paren-
chymal hematomas [55, 56].

6. Conclusions

In summary, regular follow-up with patients who have PSBIs can help recognize 
any infection complications or CSF leaks. If the patient has sustained subtle vascular 
injuries, a high index of suspicion and appropriate investigations like CT angiography 
can help to diagnose the formation of pseudoaneurysms or any delayed intracranial 
hemorrhages [30, 57–60]. Patients prone to post-traumatic acute stress or adaptive 
disorder can be subjected to a comprehensive psychiatric assessment and can be 
managed if there are signs of distress [30]. Although PSBIs due to low-energy pen-
etrating injuries are not common, knowledge and understanding of the mechanism 
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and management of these injuries are important to achieve favorable outcomes. The 
management of PSBIs requires recognition of subtle external injuries, understanding 
of clinical approach algorithms, available management options, and the spectrum of 
complications, as these will help to decide the optimal treatment approach for each 
individual patient.

© 2024 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 2

Transnasal Endoscopic Pituitary
Surgery: Indications, Technique,
and Complications
Nazik Abdullah, Haytham Osman, Honida Ibrahim,
Khalid Elzein and Ali Awad

Abstract

Pituitary neoplasm is the commonest sellar pathology, where pituitary adenoma
heads the list, it accounts for 25% of all intracranial neoplasm. Although it is a benign
lesion in most cases is located in a complex region; adjacent to important structures:
optic chiasm, internal carotid arteries, suprasellar cistern, and cavernous sinuses, it
presents with a variety of clinical scenarios. The Sella is situated at the center of the
skull base, this made surgical access via craniotomy very challenging and is associated
with considerable morbidity. Transnasal endoscopic pituitary surgery (TEPS) evolved
rapidly, almost replacing the craniotomy approach, because it is minimally invasive
and gives direct sellar access with excellent visualization. On the other hand, the
learning curve of TEPS requires meticulous training to acquire surgical skills. Indica-
tions of TEPS, technique, complications, their prevention, and management are
described. The multidisciplinary approach in managing pituitary adenoma is
addressed, where a team of an endocrinologist, neurosurgeon, otolaryngologist, oph-
thalmologist, anesthesiologist, and neuroradiologist decide on a management plan for
patients. Other disciplines share management of certain cases that is Oncologist, ICU
specialists, and obstetrician. Long term follow-up is required by endocrinologists
whereas revision surgery is considered in some patients.

Keywords: pituitary adenoma, transnasal, endoscopic, surgery, skull base,
reconstruction, nasoseptal flap, CSF

1. Introduction

The pituitary gland is situated at the center of the skull base, in a saddle-like bone,
the Sella, a complex anatomical region with critical neurovascular structures adjacent.
This gland has a vital physiological function by acting as the chief controller of all the
endocrine glands in the body. The complex anatomy, physiology, and clinical presen-
tation of pathology made the journey of patients with pituitary tumors very challeng-
ing. Treatment goals of pituitary tumors are to relieve pressure on surrounding
important structures, normalize hormone levels, and improve neurological deficits.
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Options of treatment include surgery, medical therapy, radiation therapy, or a com-
bination in an individualized patient’s approach. Treatment choice depends on hor-
monal status, tumor size, type, and extension.

According to authors’ experience, the decision of management plan, which
includes the diagnosis, treatment, perioperative care, and follow is being taken by a
dedicated formal multidisciplinary team, the team includes members from each of the
following departments, endocrinology, neurosurgery, ophthalmology, otolaryngol-
ogy, radiology, anesthesia/ICU and oncology. This team was created in the year 2017,
and the importance of this team approach is thoroughly addressed later, in summary,
it optimizes treatment options, improves the outcome of surgery, and reduces the
complications rate.

Transnasal endoscopic pituitary surgery (TEPS) is an evolutionary approach to the
management of pituitary tumors. This approach is minimally invasive, it utilizes the
endoscope transnasally, without the requirement of external scalp incision and crani-
otomy. The endoscope allows for better visualization of the surgical field and conse-
quently precise, safe, and effective surgical resection.

This procedure requires extensive knowledge of normal anatomy and anatomical
variations, meticulous training, and surgical auditing to catch the learning curve. To
master the skills of this surgery, both baseline training and continuous lifelong learn-
ing are required, these include hands-on cadaveric dissection and training on simula-
tion models. The authors started endoscopic pituitary surgery in a center of excellence
after creating a multidisciplinary team in 2017, bearing in mind that it is in a low-
resource country and a limited facility center, and despite the unavailability of neuro-
navigation as routine, the outcome of surgery is satisfactory and improving, the
complications are becoming less and more complicated cases are being operated. The
surgeons, both neurosurgeons and otolaryngologists, were already well trained in
endoscopic surgery with a wealthy experience before commencing pituitary endo-
scopic surgery.

The authors have experience of very advanced pathology with massive extension
and late presentation of patients, the majority present with impaired vision, being
referred from the ophthalmology department rather than the general practitioner, due
to limited access to primary health services and delayed referrals. This puts a further
burden on the team, particularly with the limited facilities. The authors’ experience is
unique, dealing with advanced cases with limited facilities, yet a reasonable outcome,
implementing the “Do more with less” strategy.

2. Anatomy of the sella and suprasellar region

2.1 Anatomy of the sellar region

The anatomy of the gland has important clinical and surgical implications. The
pituitary gland is situated in the pituitary fossa, also named the hypophyseal fossa or
the sella turcica, a bony saddle as the name indicates in Latin. This bony saddle is
located at the center of the skull base, it is fibro-osseous. The roof of the sphenoid
sinus forms the floor of the pituitary fossa, this is demonstrated in the CT scan in
Figure 1 The sella turcica is bounded by bone, anteriorly, inferiorly, and posteriorly.
The pituitary fossa is roofed by the diaphragma sellae, a dural fold with a central
aperture; covering the fossa incompletely, via this central aperture passes the pituitary
stalk with its’ blood vessels.
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Laterally, the cavernous sinus is separated from the pituitary gland by a dural fold
that forms the medial wall of the cavernous sinus. Antero-superiorly lies the optic
chiasm, separated from the pituitary gland by the diaphragma sellae [1–3].

2.2 Variations of pituitary gland and sellar region

Variations of the gland should be taken into consideration when planning surgery,
they may lengthen duration of resection, and some are dangerous leading to life-
threatening complications [4].

The weight of the gland is variable according to gender. During pregnancy, the
gland’s weight increases and even doubles. The shape of the gland can be altered by
pressure of the internal carotid arteries, leading to flattening of the pituitary gland.
There is variation in the height of the gland, it ranges from 3 to 11 mm. When the
gland does not fill the hypophyseal fossa, the suprasellar arachnoid cistern descends
and encroaches on the fossa, in this case, it becomes a sellar component. The distance
between the optic chiasm and the tuberculum sellae is very variable, it ranges between
1.5 to 8 mm. The sphenoid sinus is located on sellar floor, its extent of pneumatization
is crucial in the accessibility of the sella during surgery when the transnasal approach
is used [4].

A sellar type, where the sphenoid pneumatization extends well around the sellar
floor is favorable for a transnasal approach as demonstrated in Figure 2, contrary to
the conchal type, where access to sellar floor is difficult due to thick bone, in this case,
image guide radiology is helpful to prevent complications, e.g., unintentional injury of
important neighboring structures.

2.3 Parasellar and suprasellar anatomy

The cavernous sinus and the suprasellar cistern encompass the parasellar region.
The lateral walls of the pituitary fossa are made up of dura mater, and it contains the
cavernous sinus. The cavernous sinus consists of the internal carotid artery, sympa-
thetic fibers, and cranial nerves III, IV, V, and VI. The suprasellar cistern encompasses
the optic chiasm, part of the third ventricle, the hypothalamus, and the tuber
cinereum [2, 5].

Figure 1.
Ct scan, sagittal cut, demonstrating the bony outlines, dashed red line, of the Sella turcica.
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2.4 Blood supply of the pituitary gland

The pituitary gland is enriched with blood supply, it is a well-vascularized organ.
The hypothalamo-hypophyseal portal system connects the blood supply of the gland
with the hypothalamus. This connection is very important in regulating the secretory
function of the gland, it will be discussed later in the physiology section.

The anterior lobe of the gland receives its blood supply from the superior hypophy-
seal artery, which originates either from the internal carotid artery or the posterior
communicating artery. The posterior lobe of the gland receives its blood supply from
the inferior hypophyseal artery which originates from the meningo-hypophyseal artery
which is a branch of the internal carotid artery. The intermediate lobe receives blood
from the capillaries of the anterior and posterior lobes. The pituitary stalk and parts of
the optic nerve and chiasm are supplied by branches from the superior hypophyseal
artery. A primary plexus is formed from the internal carotid artery and the posterior
communicating artery, it supplies the median eminence, and the hypothalamic cells end
at the median eminence, hence the primary plexus receives regulatory factors. Capil-
laries from all lobes form venules, these venules form the secondary plexus, and the
latter drain into the cavernous sinus via the portal hypophyseal veins [6, 7].

2.5 Histology of the pituitary gland

The pituitary gland is composed histologically of two parts, the adenohypophysis,
and the neurohypophysis.

2.5.1 Adenohypophysis

It is a secretory part, responsible for hormone production and secretion. It is composed
ofwell-defined acini, there are six cell lines, five ofwhich are hormone-producing cell lines,
namely: Somatotrophs, lactotrophs, corticotrophs, thyrotrophs, and gonadotrophs. The
folliculostellate cells form the sixth cell line, which is a nonhormone-producing cell line.

The following structures make up the anterior pituitary gland:
Pars distalis, it formsmost of the bulk of the anterior pituitary gland, it is composed of

cells that produce hormones, arranged in the form of follicles of different sizes. Based on
the staining characteristics, the hormone-producing cells are classified as:

Figure 2.
CT scan, sagittal cut, demonstrating a sellar pneumatization of sphenoid sinus (star), which is favorable for
endoscopic transnasal endoscopic pituitary surgery (TEPS).
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Acidophils: The cytoplasm stains red, they are composed of polypeptide hormones.
Soamtptrophs and lactotrophs are acidophils.

Basophils: The cytoplasm stains blue to purple, they are composed of glycopro-
teins, thyrotrophs, gonadotrophs, and corticotrophs are basophils.

Chromophobes: As the name states, they do not stain. Stem cells that are yet to
differentiate into hormone-producing cells form this cell line.

Pars Tuberalis: The tubular stalk has anterior and posterior parts. It encircles the
infundibular stem. The infundubular stem is composed of unmyelinated axons, that
originate from the hypothalamic nuclei. Two hormones accumulate in these axons;
oxytocin and vasopressin, in the form of ovoid eosinophilic swellings along the stem
of the infundibulum. They make the herring bodies.

Pars intermedia: It is located between the pars distalis and the posterior pituitary
gland. Follicles containing a colloid matrix form the pars intermedia, it includes the
reminder of Rathke’s pouch cleft. Melanocyte-stimulating hormones and endorphins
are produced by these cells.

The initial primary signal hormones are synthesized in the hypothalamus to stim-
ulate the pituitary gland. Production of these primary signal hormones is in the cell
body of the neurons, the axons project to end at the gland in the fenestrated portal
capillaries. They are then carried via the blood stream to reach the pituitary gland,
where specific cells are stimulated or inhibited [1].

2.5.2 Neurohypophysis

This is a specialized neuroendocrine structure.
It is composed of both, pars nervosa and the infundibular stalk. The axons that

originate in the hypothalamus, form the neurohypophysis. These axons are encircled
by glial cells called the pituicytes. The pituicytes have elongated processes that run
along with the axons. The axons form the hypothalamo-hypophyseal tract, which
terminates near the posterior lobe sinusoids [1].

2.6 Embryology of the pituitary gland

Two different origins form the pituitary gland. The adenohypophysis is derived
from the oral ectoderm. The neurohypophysis is derived from neural ectoderm. The
posterior lobe is derived as an extension of the central nervous system (third ventricle
neural primordia) [3].

3. Physiology of the pituitary gland

The following are the hormones produced and secreted from the anterior pituitary:
Adrenocorticotropic Hormone (ACTH), Prolactin (PRL), Luteinizing Hormone (LH)
and Follicle-Stimulating Hormone (FSH), Growth Hormone or Somatotropin (GH)
and Thyroid Stimulating Hormone (TSH) [6, 8–10]. Two hormones are released from
the posterior pituitary: Oxytocin and Arginine Vasopressin (AVP) or Antidiuretic
Hormone (ADH) [9, 11–13].

4. Pathology

Endocrine and neurological disorders are encountered in the sellar region, due to
neoplasms arising from the adenohypophysis, such as pituitary adenoma, which heads
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the list ardently, it is associated with excessive hormonal production, examples are
acromegaly and Cushing’s disease, other pathologies include cysts or tumors derived
from remnants of Rathke’s pouch (Rathke’s cleft cyst, craniopharyngioma), tumors
derived from the neurohypophysis and pituitary stalk (pituicytoma and granular cell
tumor) and tumors of the parasellar bone (chordoma). Further, conditions such as
lymphocytic or granulomatous hypophysitis, present clinically like tumors [3].

Pituitary adenomas are common intracranial tumors, they are benign clonal neo-
plasms, originating from the endocrine epithelial cells of the adenohypophysis. Ade-
noma of the pituitary gland has a wide spectrum of presentation, in 22%, it is clinically
silent and discovered accidentally on MRI scans of the brain, around 14% are autopsy
finding, and It accounts for 25% of clinically apparent intracranial tumors [3, 4].

Pituitary adenoma in common with other adenomas of endocrine origin, share the
following characteristics: round nuclei with finely dispersed chromatin, distinct mul-
tiple nucleoli, and granular cytoplasm. They express both markers of neurosecretory
granules and epithelial differentiation. Wide morphological features of pituitary ade-
noma are described based on hormonal, or genetic subtype, or due to treatment effect.
Pituitary adenoma is a benign neoplasm, but it can be locally invasive and destructive.
Excess hormone secretion gives rise to metabolic disorders that render it malignant on
a clinical basis [3].

4.1 WHO classification

According to the following factors, pituitary adenomas are classified: size, clini-
cally silent or functional, hormone or cytokeratin expression profile, histologic fea-
tures, or somatic mutations. Markers of cytodifferentiation are the principal classifiers
in the 2004 edition of the WHO classification of endocrine tumors. Adenoma is
further categorized into typical pituitary adenoma, pituitary carcinoma, and atypical
pituitary adenoma [14]. The criteria of atypia are subjective, and the clinical signifi-
cance is ill-defined, this warrants the need for longitudinal studies to label atypia [15].
The current 2004 classification is described in Table 1 [16–18].

Adenoma type Transcription
Factors

Hormones Cytokeratin

GH-producing adenomas

Densely granulated somatotroph adenoma Pit-1 GH, a-SU diffuse

Sparsely granulated somatotroph adenoma Pit-1 GH dot-like

Mammosomatotroph adenoma Pit-1, ER GH, PRL, a-SU diffuse

Mixed somatotroph and lactotroph
andenoma

Pit-1, ER GH, PRL, a-SU diffuse

PRL-producing adenomas

Sparsely granulated lactotroph adenoma Pit-1, ER PRL (Golgi) diffuse

Densely granulated lactotroph adenoma Pit-1, ER PRL (diffuse) diffuse

Acidophil stem-cell adenoma Pit-1, ER PRL (diffuse), GH rare dot-like

TSH-producing adenoma

Thyrotroph adenoma Pit-1, GATA-2 b-TSH, a-SU diffuse

ACTH-producing adenomas

Densely granulated corticotroph adenoma Tpit ACTH diffuse
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5. Symptoms and signs

The presentation of pituitary adenoma depends on tumor size and functional
status [19, 20].

Pituitary microadenoma (less than 1 cm) is usually an incidental finding on MRI
Brain and patients are asymptomatic unless the tumor is hormonally active, while
pituitary macroadenoma (more than 1 cm) presents with symptoms and signs of space-
occupying lesion in addition to hormonal deficiency or hormonal excess. Pituitary
apoplexy is a complicated adenoma, where sudden hemorrhage ensues into the ade-
noma, it presents with severe headache and acute vision changes besides mass effect.

5.1 Symptoms from mass effect (nonfunctioning adenoma)

5.1.1 Visual impairment

Vision changes occur in 40–60% of patients. It presents as bitemporal defect in
most cases, followed by homonymous defect and diplopia. Suprasellar extension of
large pituitary tumors compress the optic chiasm leading to the previously mentioned
visual field defects and impaired acuity, while Involvement of cranial nerves by
invasive tumors explains diplopia and blindness [21, 22].

5.1.2 Headache

Headache is commonly reported in pituitary adenoma; however, it is a non-specific
symptom [22]. It is of sudden onset and severe in apoplexy as mentioned earlier.

5.1.3 Hormonal deficiency

Patients with pituitary adenoma may present with hormonal deficiencies, where
one or more hormones of the anterior pituitary are deficient. In gonadotrophin defi-
ciency, females present with amenorrhea, and males present with erectile

Adenoma type Transcription
Factors

Hormones Cytokeratin

Sparsely granulated corticotroph adenoma Tpit ACTH diffuse

Crooke’s cell adenoma Tpit ACTH ring-like

Gonadotropin-producing adenoma

Gonadotroph adenoma SF-1, GATA-2, ER b-FSH, b-LH, a-SU diffuse

Plurihormonal adenomas

Silent type III adenoma Pit-1 (?), ER Multiple diffuse

Unusual plurihormonal adenoma (NOS) multiple Multiple n/a

Hormone negative adenoma

Null cell adenoma None None diffuse

Table 1.
Classification according to side is described as follows: Microadenomas (<10mm) which are often within the Sella
turcica, macroadenomas (≥10mm) which may be contained in the Sella turcica but also infiltrate into the
superior, inferior, and or lateral extrasellar space, and giant adenomas (≥40mm).
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dysfunction. Growth hormone (GH) when deficient in adults, presents with fatigue
and weight loss. Thyroid Stimulating Hormone deficiency (TSH) leads to weight gain,
fatigue, constipation, and cold intolerance. Symptoms of Adrenal Cortical Stimulating
Hormone (ACTH) deficiency are those of hypoadrenalism; fatigue, weight loss,
arthralgia, dizziness, nausea, low blood pressure, and abdominal pain.

5.1.4 Case scenario no (1)

A 44-year-old male, with no significant past medical history, presented to the ER
with a history of sudden loss of vision for 1 day preceded by severe headache. No
history of loss of consciousness. Examination revealed a fully oriented person with
intact higher functions, he was totally blind (fundus examination revealed
papilledema grade 4). Investigations: Hormonal profile showed features of
panhypopituitarism. Brain MRI showed sellar lesion with suprasellar extension. Clin-
ically and radiologically, the diagnosis of apoplexy was made. Intraoperatively soft
tumor tissues were retrieved with hematoma and infarcted debris as in Figures 3–6.
Marked improvement of vision was acheived, immediately postoperatively.

Figure 3.
MRI, sagittal view, showing a mixed signal intensity macroadenoma.

Figure 4.
MRI coronal view of macroadenoma with different signal intensity, suggesting hemorrhage (apoplexy).
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5.2 Symptoms of functioning adenomas

Patients with secreting adenomas present according to the hormone being
excessively produced, the following clinical scenarios are observed:

5.2.1 Prolactin-secreting adenomas

High levels of prolactin suppress the gonadotrophin levels leading to infertility,
osteoporosis, and decreased libido in males and females. Males present with
gynecomastia and erectile dysfunction and females present with amenorrhea and
galactorrhea.

Figure 5.
Endoscopic view, showing adequate sphenoidotomy, drilled sellar floor, and dura exposed.

Figure 6.
Tumor cavity, gross tumor resection, with decompression of adjacent carotids, cistern, and optic chiasm, note
suprasellar cistern at 12 O’Clock.
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5.2.2 GH-secreting adenoma (acromegaly)

Patients complain of headaches, vision changes, and an increase in ring size and
shoe size, others present with carpal tunnel syndrome and excessive sweating. On
examination, they have coarse facial features, frontal bossing, enlarged nose, pro-
truded mandible, and an enlarged tongue. Hypertension, cardiomyopathy, multiple
colonic polyps, and obstructive sleep apnea are comorbidities.

5.2.3 ACTH-secreting adenoma (Cushing’s disease)

Weight gain is the chief complaint, others include muscle weakness, mood disor-
ders, easy bruising, and multiple fractures. Clinically, patients have moon face,
supraclavicular fat, ecchymoses, and striae on armpits and abdomen.

5.2.4 TSH secreting adenoma

Patients present with palpitations, weight loss, heat intolerance, and arrythmias.
A goiter and tremors are usually obvious features.

5.2.5 Case scenario No (2)

A 39-year-old lady presented with features of acromegaly and secondary infertil-
ity, no other symptoms, hormone profile revealed an elevated growth hormone level.
MRI showed pituitary macroadenoma as in Figure 7, transnasal endoscopic pituitary
surgery was performed. This lady showed obvious improvement in acromegaly fea-
tures, and she delivered a baby girl 1 year after surgery.

6. Radiological assessment of pituitary lesions

The image of choice of the pituitary gland is MR. Thin sections (1–2) mm are
required to have detailed study of the sellar region, thin cuts are performed in both the
coronal and sagittal planes. The mainstay of pituitary imaging is T1 weighted
sequences, pre and post contrast [23]. Post contrast MR sequences in dynamic fashion
(during the first minute) after contrast injection is of great benefit, as it maximizes the

Figure 7.
MRI,TI, sagittal view demonstrating macroadenoma.
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visibility of adenomas within the pituitary gland, which typically shows less enhance-
ment than the normal pituitary tissue, this differential enhancement is best addressed
within the first arterial phase of contrast injection. In the majority of pituitary adeno-
mas, they are well demonstrated on a standard acquisition (non-dynamic) scan after
contrast injection [24]. The high field strength 3 Tesla MR scanners, which are
replacing the 1.5 Tesla machines, provide high-resolution pituitary images.

Excellent soft tissue characterization is well provided by MRI, in the contrary, CT
does not provide this, but can be useful for investigation when MR is contraindicated
or unavailable, or if identification of calcification around the sella is significantly
required [25]. CT of the nose and sinuses is essential if surgery is indicated, where
anatomical variations and sphenoid pneumatization are identified preoperatively.
Figure 8 demonstrates bilateral concha bullosa.

7. Treatment and management

Management of pituitary tumors requires a team approach with participation from
the following departments: Internal medicine, endocrinology, ophthalmology, radiol-
ogy, neurosurgery, ENT, and anesthesia/ICU. A specialized neuroradiologist is an
important team member as MRI needs to be done with the pituitary protocol.

7.1 Treatment of non-functioning adenomas

Surgery is indicated in the presence of one or more of the following conditions [26]:

• Vision change, for example, visual field defect, ophthalmoplegia, and sudden
vision loss

• Compression of the optic nerve or optic chiasm on imaging

Figure 8.
Coronal CT scan of the nose and sinuses, showing bilateral concha bullosa. Note narrowing of the nasal cavity.
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• Pituitary apoplexy with visual disturbances

• Hypopituitarism

• Significant growth of pituitary tumor over time

Pituitary adenomas, when less than 1 cm is labeled as microadenomas, although
there is no clinical significance of this threshold, a cut-off of 20 or 30 mm is demon-
strated to be more relevant, therefore more studies are needed to examine the signif-
icance of classification according to size, and probably to reset a cut-off size. One
study concluded that there was no difference in the rate of surgery or survival for
pituitary adenomas in the range of 30–50 mm, questioning the 4-mm cut-off thresh-
old for labeling giant pituitary adenoma [27].

Surgery is aimed at improvement in visual symptoms and improvement of hor-
monal dysfunction. Most patients improve. Radiotherapy is a choice for patients with
persistent or residual tumors.

Annual follow-up is required for nonfunctional adenomas that do not require
surgery, endocrinological and radiological follow-ups (by MR,) are performed to
assess the development of hypopituitarism and tumor growth.

7.2 Treatment of individual functioning tumors

7.2.1 Prolactin secreting adenomas

The first line of treatment for prolactin-secreting tumors is Dopamine Agonists
(DA) e.g. Cabergoline and bromocriptine. Cabergoline controls prolactin secretion in
more than 90% of tumors. Tumors regress in size accordingly, and when there is no
longer tumor in the MRI, cabergoline is discontinued after 2 years. Annual monitoring
of prolactin levels is required to detect recurrence after stopping cabergoline.
Prolactin-secreting tumors that are resistant to cabergoline are treated by surgical
resection. Other indications of surgery are the development of adverse effects of
dopamine agonists that require cessation, patients who desire pregnancy, and tumors
more than 1 cm.

When medications and frequent surgery fail to control tumor size, prolactinoma is
then labeled as aggressive, in this case, radiotherapy is indicated.

7.2.2 GH secreting adenomas

Surgery is the first line for GH-secreting adenoma. Surgery is effective in 80–90%
of microadenoma and in 40–60% of macroadenoma. Medical treatment (somatostatin
analog) is offered for patients with persistently elevated levels of growth hormone
after surgery and for inoperable invasive tumors.

Radiation therapy, although lately effective, is deferred for patients with elevated
GH after surgery.

7.2.3 ACTH secreting adenoma

Cortisol levels are reduced rapidly by surgical resection of pituitary tumors. This is
the first line of treatment for Cushing’s disease, surgery is effective in 70–90% of
patients. Although bilateral adrenalectomy is effective in leading to immediate relief
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of hypercortisolemia, it results in adrenal insufficiency, which requires lifelong
supplements.

Medications that reduce ACTH secretion are cabergoline and SSA (pasireotide,
pasireotide LAR). Others include ketoconazole, metyrapone, mitotane and etomidate.
Mifepristone is a glucocorticoid blocker used in selected cases.

Radiotherapy is an adjuvant after surgery and medical treatment.

7.2.4 TSH secreting adenoma

The first line of treatment is pituitary surgery with a 50–90% cure rate.
Hyperthyroidism is controlled before surgery to avoid a thyroid storm. Patients who
are not cured by surgery can be treated with SSA to decrease both TSH levels and
tumor size, failure of SSA implies its combination with radiation therapy [26].

8. Preoperative preparation and interprofessional team approach

Patients with pituitary tumors require a combined approach and coordination
between the endocrinologist, the neurosurgeon, the ophthalmologist, the ENT
surgeon, and the anesthesiologist.

Surgical outcome depends on preoperative status and assessment, intraoperative
events, and postoperative complications therefore, patients’ counseling is very
important; the expectations and anticipated complications should be discussed and
explained to the patient clearly, in this regard the input from each department is
crucial.

Preoperative routine tests include complete blood count, electrolytes, liver func-
tion test, urine analysis, and coagulation profile. Endocrine assessment by assay of
pituitary hormones and hormones of related glands are included. N.B. women with
amenorrhea should always have a pregnancy test. Any preoperative manifestations or
diseases secondary to pituitary dysfunction must be controlled.

Abnormal thyroid function test and adrenal gland dysfunction must be detected
preoperatively, and normalized. Hydrocortisone is administered only to patients with
low levels of corticoids as a replacement. Comorbidities associated with acromegaly
and Cushing’s disease should be evaluated thoroughly.

MRI head with pituitary protocol, CT scan of the nose and sinuses with nasal
endoscopy by ENT surgeon are prerequisite for surgery. A swab from the nasophar-
ynx is taken for bacteriology study to confirm pathogen-free nasal mucosa. Optimal
intraoperative management depends on the indication for surgery and patient’s dis-
ease. The advantage of rapid emergence from anesthesia is that it allows for early
neurologic assessment, where common and serious surgical complications are
identified [28].

9. Anesthetic management

Maintenance of hemodynamic stability, adequate cerebral perfusion and oxygena-
tion, appropriate position of the patient, excellent surgical exposure, and quick
recovery from anesthesia to assess neurological signs are the main goals of anesthetic
management [14, 29].
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A pharyngeal pack is placed after endotracheal intubation to prevent aspiration
and filling of the stomach with debris, this will reduce post-operative nausea and
vomiting. Local anesthetic application and vasopressin to the mucosal surfaces result
in systemic hypertension and cardiac arrhythmia. These are transient effects and are
treated with short-acting medications. Myocardial ischemia has been reported when
vasoconstrictors are used excessively.

Fixation of endotracheal tube is very important, to prevent dislodgement as endo-
tracheal tube is inaccessible during the operation.

Compression stockings are of paramount importance to prevent deep vein throm-
bosis with consequent pulmonary embolism.

Regarding the choice of anesthetic agents, it is like intracranial surgeries, and it
depends on the patient’s comorbidities.

10. Surgical treatment of pituitary tumors

10.1 Surgical approaches for pituitary tumors and patient selection

Surgery of the pituitary gland evolved from transcranial approach to transnasal
transsphenoid approaches, either using the microscope or the endoscope [30, 31].

Fibrous tumors, failure of transsphenoidal resection, and dumbbell tumors that pass
via a very narrow diaphragma sellae aperture are indications for transcranial approach.

The transcranial approach is claimed to have a greater visual improvement for
long-term pituitary adenomas, nevertheless, it has a greater risk of postoperative
pituitary dysfunction [32–34].

10.2 The learning curve

Transnasal endoscopic pituitary surgery (TEPS) has a learning curve like
every other surgical technique. Results are not satisfactory at the beginning of the
learning curve, however after achieving this curve the complications are reduced
significantly. To master endoscopic pituitary surgery a range of 17–50 surgeries are
required [35, 36].

Operative time decreases significantly in simple tumors; complex operations
would have a longer learning curve. Similarly the gross tumor resection (GTR) rate,
shows a gradual and continuous learning process [37].

Attending workshops, hands-on cadaveric dissection, practice on models, and
observation of live surgeries are essential for skills acquisition. A training model using
a skull and eggs is useful to improve surgical techniques in TEPS [38].

10.3 Patient selection

For a beginner surgeon, favorable cases are started with. The criteria for
selecting patients are nonfunctioning adenoma, tumors confined to the sella without
supra or parasellar extension, and a well-pneumatized sphenoid sinus. Unfavorable
factors are extensive tumors with parasellar or suprasellar extension, dumbbell
tumors, recurrent tumors, conchal/presellar sphenoid sinus, and associated acromeg-
aly or Cushing’s disease.
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10.4 Preoperative radiological study and planning

MRI with pituitary protocol and CT of the nose, sinuses, and skull base are basic
radiological investigations.

Checklist for radiological assessment [39]:

1.Size of nasal airway; it is jeopardized by deviated nasal septum and concha
bullosa.

2.Anatomy of paranasal sinuses; extent of pneumatization, intra/inter-sphenoid
septa, Onodi cell or concha bullosa.

3.Presence of sinus infection, as this delays pituitary surgery until it is cleared
medically or surgically.

4.Anatomy of the sella; bony defects, anatomical variations, and abnormal carotid
anatomy.

5.If the tumor is hypointense in T1, it is more likely to be firm in consistency.

6.Size of the tumor, a giant tumor may require an additional craniotomy approach
or the presence of hydrocephalus as in Figure 9.

7.Extension of the tumor-like suprasellar and para sellar involvement,
involvement of nearby structures, and encasement of carotid artery or invasion
of cavernous sinus

8.Identification of the normal pituitary gland.

Figure 9.
MRI brain T1, Giant pituitary adenoma with suprasellar extension in (A), causing obstructive hydrocephalus as
in (B).
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9.Radiological features of apoplexy

10.Optic chiasm identification

11.Pituitary stalk deviation

10.5 Surgical stages

Surgery is divided into 4 stages: Nasal, sphenoid, sellar, and reconstruction stages
as demonstrated briefly in the surgical video.

10.6 Operative room setup, equipment, and endoscopes

The operation room should be spacious to accommodate the necessary equipment,
instruments, and personnel. The operating room plan is shown in Figure 10.

In nasal sphenoid and reconstruction stages, the main surgeon is on right side of
the patient. The second surgeon; one on the right side of the surgeon and the third
surgeon across the patient. In sellar stage, the main surgeon exchanges position with
the second surgeon as shown in Figure 11, the latter holds the endoscope to allow for
three and/or four hands technique.

It is essential to supply the operative room with an appropriate surgical instrumen-
tation, to optimize the different stages of the operation. Equipment should include an
up-to-date endoscopic unit; A high definition resolution screen adds to accuracy in
visualization and hence precision in surgery, an image-guided monitor, set for endo-
scopic nasal surgery, Cappabianca set for skull base and pituitary surgery, and powered
instruments; micro-debrider and a high-speed drill. Bipolar suction diathermy is an
important surgical tool as it provides a bloodless surgical field with good visualization.

Different degrees of endoscopes add to surgical field revelation, the sheath makes the
surgeon’s grip more stable, and the irrigation system lessens the in-and-out movement of

Figure 10.
Diagram of operating room arrangement of equipment, instruments and personnel for transnasal endoscopic
pituitary surgery, during nasal, sphenoid and reconstruction stages.
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the endoscope for cleaning. Cappabianca set is a set of instruments designed for endo-
scopic skull base and pituitary surgery, the instruments are longer than nasal surgery
pieces, and unlike the bayonet for microscopic surgery are straight [40, 41]. Summary of
instruments required for each stage is presented in Table 2. Image guidance is very
important intraoperatively, when there are nasal anatomical variations like Onodi cell,
deviated nasal septum, conchal or presellar sphenoid, kissing carotids and in revision
surgery. In most of the centers it is a routine adjunct during surgery.

10.7 Positioning and scrubbing

The authors advise instillation of decongestant nasal drops (oxymetazoline) 7 days
before surgery, three times a day.

Figure 11.
Diagram of operating room arrangement of equipment, instruments and personnel for transnasal endoscopic
pituitary surgery, during sellar stage.

Surgical stage Endoscope Instrument

Nasal stage &
Sphenoid stage

Endoscope 0°, Length 18 cm,
Diameter 4 mm, 5 mm
External sheath and irrigation system and anti-fog

Nasal endoscopy set
Micro-debrider
High speed Drill
Bipolar diathermy �
Navigation probe

Sellar stage Endoscope 0°, 30°, 45°, Length 18, 30 cm Diameter
4 mm, 2.7 mm
External sheath and irrigation system and anti-fog �
Reversed Endoscope version

Cappabianca set
Bipolar diathermy
� Navigation probe

Reconstruction
Stage

Endoscope 0°, Length 18 cm,
Diameter 4 mm
External sheath and irrigation system and anti-fog

Nasal endoscopy set

Table 2.
Summary of instruments required for different surgical stages.
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It is recommended by some surgeons to be used the night before surgery and the
day of surgery before taking the patient to the theater [14].

The position of the patient on operating table is supine in the reverse
Trendelenburg position, hips and knees are slightly flexed, and the trunk is
elevated 20 degrees [14]. Head of the patient is neutral, with a horse shoe head holder.
The bridge of the nose is horizontal, parallel to the floor, and the head is turned
15 degrees toward the surgeon. When neuronavigation is used a three pin head rest or
a band are fixed [41, 42].

The endotracheal tube is fixed to the lower jaw at the left side, nasogastric tube is
optional, it helps in aspiration of blood and secretions before endotracheal tube
extubation.

Lumbar drain may be inserted in patients having a large tumor with
a considerable suprasellar extension, but this is not routine with controversy
[39]. No lumbar drain was inserted for any of the patients operated by the authors.

A urine catheter is mandatory to monitor output, not only during surgery, but
more significantly during the postoperative period to diagnose diabetes insipidus.

For antisepsis, betadine-soaked cotton patties are inserted in nasal cavities after
positioning of the patient [39].

The patient is then draped leaving only the nostrils exposed, Suction tubes and
cables including camera, light and irrigation cables are tied and placed on the left side
of the patient or on a table to have a free surgical field.

Surgical stages description:

10.7.1 Nasal stage

Endoscopic examination of the nose is performed using 0 degree endoscope, usu-
ally insertion of the endoscope at the level of the floor is limited by the enlarged head
of inferior turbinate (IT).

Decongestion of the inferior turbinate is done by insertion of cotton patties
immersed in diluted adrenaline solution 1 in 200,000 and or oxymetazoline, some-
times infusion with diluted adrenaline solution 1 in 500,000 is required in grossly
enlarged IT, in the latter case, inhalation of anesthetic like halothane if in use, should
be withdrawn to prevent occurrence of arrythmia.

Landmarks are ascertained on endoscopic examination of the nose bilaterally,
these are inferior turbinate, middle turbinate, choana, eustachian tube, vomer, and
sphenoid sinus ostium.

In most cases, out fracture of middle turbinate is required for visualization and
instrumentation, it is pushed by a blunt dissector laterally against its’ second part
preserving the mucosa and avoiding a flail (hypermobile) middle turbinate, if
this happened partial resection of the lower half of it is advised while keeping the
axilla intact.

Natural ostium of sphenoid sinus is located between superior turbinate and nasal
septum, occasionally a supreme turbinate is present, in this case, the ostium lies
between the supreme turbinate and nasal septum, it is apparent in most cases,
seldomly not obvious, where gentle probing at its expected site reveals it. To double
check the sphenoid sinus ostium, it is approximately 1.1–1.5 cm above choanal arch.
The navigation is very helpful in certain anatomical variants e.g. conchal and presellar
sphenoid.

Harvesting a nasoseptal flap is performed as early as this stage.
Identification of sphenoid sinus ostium is a prerequisite to fashioning this flap, it is
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Pedicled on the nasoseptal artery, this artery is a branch of the posterior septal
artery that branches from the sphenopalatine artery, the latter originates from the
maxillary artery [43].

A standard flap is made up of two parallel lines, the inferior line is over the
maxillary crest and the superior line is 1–2 cm below the superior aspect of the nasal
septum to spare the olfactory epithelium. The two lines are joined anteriorly by a
vertical incision. Posteriorly the two incisions are not parallel, they rather fan from the
sphenoid sinus opening superiorly and from the arch of the choana inferiorly, in this
fashion the pedicle of the flap is preserved with its’ blood supply (NSA) [44]. It is
illustrated in Figure 12.

The flap is composed of mucoperichondrium anteriorly and mucoperiosteum pos-
teriorly. The nasoseptal artery crosses from the lateral nasal wall to the septum passing
in a coronal line that is midway between lower lip of sphenoid sinus ostium and arch
of the choana. A viable flap with intact blood supply requires both a subperiosteal and
subperichondrial plane of dissection throughout the whole length of the flap, and an
intact mucoperiosteum in the area between arch of the choana and sphenoid sinus
ostium. A unilateral flap is elevated from the right side. In an accidental tear of the
flap, a left flap can be harvested, one flap is adequate for reconstruction of the skull
base in pituitary macroadenoma.

The flap is then placed in the nasopharynx and protected by a nasal pack that is
placed inferiorly to occlude the choana, it is kept (stored) until the stage of recon-
struction.

In the left nostril, middle turbinate is out fractured, and sphenoid sinus ostium is
identified. A vertical incision is made on the posterior part of nasal septum with
elevation of mucoperiosteum, the latter is removed by micro-debrider as far
posterolateral as sphenoid sinus ostium, the vomer and face of sphenoid bone are
exposed.

Posterior septectomy is then performed. The vomer is thin in females compared to
males; a blunt dissector easily penetrates through and through, Posterior one-third of
the nasal septum is removed by a backbiter to allow for bi-nostril instrumentation. By
removal of the posterior part of vomer ends the nasal stage.

Figure 12.
IT: Inferior turbinate, MT: Middle turbinate, ST: Superior turbinate. SO: Sphenoid ostium, CH: Choana. PNSA:
Posterior nasal septal artery. Posterior nasal septal artery passes in a subperiosteal plane mid-way between
sphenoid sinus ostium and choanal arch. Dashed line demonstrates flap incision, note that it fans from posterior to
anterior with a steep rise at upper incision line posteriorly.
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10.7.2 Sphenoid stage

The sphenoid ostia are enlarged medially and inferiorly and a “V”-shaped, wide
anterior sphenoidotomy is performed [45, 46] The vomer remnant is drilled and the
rostrum of the sphenoid sinus is removed [45].

Sphenoidotomy extends from the superior limit of the sphenoid siuns ostium (SO)
superiorly to the pterygo-sphenoid synchondrosis/vidian canal at 5 and 7 O’Clock
position. By drilling the sphenoid face with these landmarks, the planum sphenoidale,
the optico-carotid recess, and the optic protuberances are all well visualized. Laterally
it extends to the crest marking the junction of the sphenoid and ethmoid sinuses. A
space below the sellar floor should be created to allow free manipulation [45, 46].
Some times it is necessary to extend drilling inferiorly at 6 O’Clock down to clival
septum.

The operative space can be further widened by performing posterior
ethmoidectomy, this space accommodates the scope, which is named as the cavity and
a half technique [47].

When sphenoidotomy is complete, the remaining segment of the vomer demar-
cates the midline of sellar floor, and the two bulges of carotids are well identified.

At the end of sphenoidotomy, the midline is identified by visualizing the
remaining segment of the rostrum (vomer) inferiorly and the middle of the two
carotid bulges. The second surgeon then holds the endoscope and acts as a navigator.

10.7.3 Sellar stage

Throughout this stage hemostasis is very important to have a clear surgical field, to
visualize important structures and prevent their injury. Sellar floor is drilled out, and a
diamond or coarse diamond burr of 3 or 4 mm is used. Low-speed controlled drilling is
performed until the floor is as thin as an eggshell. The thinned sellar floor is then
broken with a fine spade dissector or a Kerrison number-1 punch [47]. The authors
use mushroom punch when available for this step instead of Kerrison punch.

By pressing the sellar dura gently, an estimate of lateral bone removal can be made.
Sellar floor and anterior wall are removed millimeter by millimeter circumferentially
till four blue lines are seen, superiorly and inferiorly the inter-cavernous sinuses, and
laterally the cavernous sinuses) [47].

Firm tumors with suprasellar extension and a dumbbell configuration require an
extended approach; in addition to the previously described sphenoidotomy, the
tuberculum sellae, planum sphenoidale, and the medial optico-carotid recess are all
removed with or without transdiaphragmatic dura opening [48, 49].

Opening of the dura is done in different ways, the rational is to have good surgical
access with preservation of the dura, a vertical linear incision with crossed extensions,
a cruciate incision which is the preference of the authors, or two vertical incisions
joined by a transverse cut (H shaped).

10.7.3.1 Piecemeal tumor removal

A clear surgical field is crucial to perform safe and effective surgery. This is
achieved by good hemostasis and saline irrigation; a clear field will allow good visual-
ization. The endoscope enables an accurate detailed view, with step-by-step dissec-
tion, choosing appropriate size and good visualization of the tip of the instrument,
avoiding blind dissection and traction, these measures prevent injury of the important
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structures; internal carotid artery, optic chiasm/nerves, suprasellar cistern, cavernous
sinus, and normal pituitary gland.

The tumor should first be mobilized free in a piecemeal manner, and then gently
grasped without traction in a holding forceps of appropriate size. Starting with the
basal and posterior part of the tumor, it is removed in a posterior trajectory toward the
clivus-dorsum sellae junction in a caudal to rostral direction [41, 45].

Next the lateral portion of the tumor is removed with the upward-angled curettes,
lateral curettes are preferred to be used by the authors in clockwise and anticlockwise
directions, and a plane of dissection is then created. Lastly, the superior portion of the
tumor is removed after making an upward dura cut if required. Tumor decompression
is done with a bimanual dissection-curette in the right hand and the suction in the left
as in Figure 13; or utilizing the double suction method, where the left suction retracts
the dura up, and the right suction sucks the tumor [46]. This results in progressive
descent of the suprasellar tumor, which is then continuously removed concentrically.
The normal pituitary gland is identified as a thinned-out, pinkish, firm tissue plas-
tered to the diaphragma sella and is preserved. While approaching the cavernous sinus
medial wall extension of the tumor, the space between the posterior clinoid and the
carotid siphon (the reverse S contour) represents an ideal entry point for the removal
of tumor from the posterior segment of the cavernous sinus [46]. Bleeding from the
cavernous sinuses is controlled with surgical and or gelfoam.

Identification of internal carotids, optic chiasm, and normal pituitary is the safest
way to prevent accidental injury. Suprasellar cistern injury infrequently happens
leading to CSF leak, this should be detected intraoperatively to reconstruct
appropriately.

10.7.3.2 Visualization

At the end of tumor dissection, visualization of tumor bed is very important in
searching for a possible residue, an angled endoscope is used, 30 degrees or 45 degrees.

The diaphragma sellae is pushed upwards by cotton patties to expose hidden areas,
if the residual tumor is seen, it is dissected from the recess using a curved suction/

Figure 13.
Trans nasal endoscopic pituitary surgery: Endoscopic view at the stage of tumor dissection, note the curette and
suction, three hands technique.
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curette [41, 45]. The angled endoscope is positioned at 6 O’Clock, while the instru-
ments are passed above the endoscope.

The technique is by advancing the angled endoscope close to the target, for accu-
rate visualization, then withdrawing the endoscope while advancing the dissecting
instrument gently under vision in a harmonic dynamic fashion [16, 17].

Lastly, the sella is inspected (360 degrees) in a clockwise fashion, starting at
6 O’Clock, and the cavernous sinuses are inspected during endoscope rotation.
Figure 14(A–C).

The fact that only 10% of remnant of normal pituitary gland is enough for normal
function, makes preservation of the gland a relatively easy step, it appears as a pinkish
tissue that is more adherent than adenoma tissue, the site of which is anticipated
according to MRI study preoperatively [41, 46].

Finally, the last remaining piece of the tumor is usually located at the insertion of
the pituitary stalk [3].

The most common sites that accommodate the residual tumor are under the upper
anterior lip of the dura at the level of the anterior cavernous sinus and the angle between
optic nerve and carotid artery at the medial optico-carotid recesses [41, 46].

10.7.3.3 Reconstruction stage

The rationale beyond reconstruction is to make a watertight seal that prevents
cerebrospinal fluid (CSF) leak, ascending infection, and pneumocephalus. This is
achieved by a multilayered repair with fat, fascia or septal cartilage, tissue glue or
histocryl, and nasoseptal flap.

Haddad and Bassagasteguy’s described the nasoseptal flap in 2006, this flap was a
landmark in anterior skull base reconstruction as it is regarded as the workhorse for
reconstruction in this region. This flap is the most versatile for reconstruction as it
reduces morbidity significantly [50]. The greatest advantage of the nasoseptal flap is
the reduction of CSF leak rate. At the beginning of endoscopic endonasal approach,
before the advent of the nasoseptal flap, CSF leak rate was 24%, however, CSF leak
was much reduced to 3% when nasoseptal flap was utilized in reconstruction
according to recent studies [51]. Description of anatomy of the nasoseptal flap,

(a) (b) (c)

Figure 14.
(a-c) trans nasal endoscopic pituitary surgery: Endoscopic view at the stage of tumor removal. In a zero degree
endoscope is used and in b & c 30 ° endoscope is used, note remnant of the tumor at the carotid-optic recess at
3 O’clock.
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harvesting, and its blood supply is described earlier in this chapter within the nasal
stage.

10.7.3.4 Reconstruction steps

Valsava maneuver is performed after tumor resection to check for CSF leak
[35, 45]. The first step in reconstruction is filling the tumor cavity with abdominal fat
routinely, this prevents CSF leak from delayed rupture of the arachnoid and prevents
empty sella syndrome [35].

In case of cerebrospinal fluid leak, the sella may be repaired by fat graft, and
making sure that the fat graft is pulsating. An overzealous sellar packing should be
avoided [41].

At the level of the dura and deep to osteal defect, a piece of surgicel or facia lata is
placed to seal dural incision, in few cases operated on by the authors, a piece of
fashioned septal cartilage is placed to tuck in under bony edges, in one case it acted as
a trapdoor leading to pneumocephalus, so cartilage when used should be carefully
positioned. On top of that plane, tissue glue or histocryl is applied, if hisocryl is used, a
piece of surgicel is placed. The last layer of reconstruction is the nasoseptal flap, it is
delivered from the nasopharynx, where it had been stored, and extended to cover
generously the skull base. If histocryl is used before applying the nasoseptal flap as
shown in Figure 15, they should be separated by surgical or thinned gelfoam, because
necrosis of nasoseptal flap will happen if it is in direct contact with the histocryl.

Mechanical support of nasoseptal flap is achieved by application of gelfoam on top
of it, as gelfoam swells, it gently pushes the nasoseptal flap in place. Middle turbinates
are then medialized to maintain patency of osteomeatal complex and hence sinus
drainage. Nasal packs are optional, it is the authors’ routine to apply bilaterally venti-
lated nasal packs.

11. Emergence from anesthesia

At the end of surgery, the following procedures are performed, removal of pha-
ryngeal packs, suction of oral cavity, extubation of endotracheal tube after regaining

Figure 15.
Trans nasal endoscopic pituitary surgery: Endoscopic view at the stage of reconstruction, note solidification of
histocryl at the level of osteal defect at sellar floor.
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spontaneous breathing and reflexes. The patient’s hemodynamic state should be sta-
bilized. Coughing and straining should be kept to minimum, as both can cause CSF
leak, hemorrhage, and dislodgement of nasal packs [28].

11.1 Immediate postoperative care

Care at the end of surgery includes airway management, adequate analgesia, fluid
balance control, and endocrine and neurological assessment. Diabetes insipidus and
pan hypopituitarism are commonly encountered. Deficiencies in any pituitary hor-
mone must be adequately replaced besides glucocorticoids, this most frequently
involves thyroid hormone. Any neurological signs, for example, cranial nerve palsy or
visual change should be diagnosed early with further evaluation by imaging or re-
exploration.

Diabetes insipidus (DI) if developed, occurs within the first 24 hours postopera-
tively, this happens when more than 80% of neurons producing vasopressin are
destroyed or functionally impaired. Nearly 25% of patients develop transient diabetes
insipidus lasting for several days to weeks. In about 0.5% of patients, diabetes
insipidus remains permanent [28, 52, 53].

All patients require long-term follow-up with an endocrinologist to assess their
hormonal status.

12. Complications

Although transnasal endoscopic pituitary surgery is relatively safe, complications
that may develop are serious and some are life-threatening. The complications are
related to the preoperative state of the patient e.g., comorbidity and intraoperative
events, they are major and minor, acute or long-term.

Immediate post-operative complications are diabetes insipidus (DI), CSF leak, and
epistaxis, in that order of frequency, less frequent are endocrine, infection, cardio-
vascular, and pulmonary. Renal failure and shock are rare, reported complications
[54]. Panhypopituitarism and nasal dryness are long-term complications. Manage-
ment of complications is by a team of endocrine, anesthesia/ICU, and surgery, some
complications require urgent surgical intervention e.g. signs of intracranial hemor-
rhage, vision deterioration, or intractable epistaxis.

12.1 Epistaxis

Epistaxis, when intractable in the immediate postoperative period, requires a
return to the operating room to manage rapid loss, control bleeding by electrocautery,
and verify the possibility of intracranial hemorrhage, in the latter event revision of
surgery is mandatory.

In a series of 557 endoscopic pituitary surgery, posterior nasal septal artery (NSA)
was the most common bleeding source of severe postoperative epistaxis following
endoscopic transnasal pituitary surgery. To prevent injury of NSA, incision of the
septal mucosa should not be extended downward excessively [55]. lowering of
sphenoid rostrum should not exceed 5 mm below the lower lip of natural sphenoid
sinus ostium, and intraoperative hemostasis should be ensured by bipolar
electrocoagulation.
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Minor epistaxis from nasal mucosa cut edges, or when unidentified is usually
managed by anterior nasal packing, other measures are; the use of intranasal hemo-
static agents, or office cauterization in delayed epistaxis that can happen up to 3 weeks
postoperatively [56].

12.2 CSF leak

The incidence of postoperative CSF Leak after endoscopic treatment of pituitary
adenoma is between 0.5% and 14% [57, 58]. The risk of developing CSF leak is
associated with intrinsic patient factors with statistical significance, these are: age
more than 65 years, male, body mass index more than 25, and multiple comorbidities.
The prevalence of CSF leaks was not associated with expertise availability, hospital
stay, volume of operations in the institute, and teaching status: whether it is a teaching
hospital or not [59, 60].

Treatment of CSF leak: For the management of CSF rhinorrhoea after
transsphenoidal surgery, procedures using fibrin glue, gelatin gelfoam, and autolo-
gous fat graft are effective [61].

Conservative measures by reducing straining and coughing are important. Con-
troversy exists regarding lumbar puncture in management of CSF leak, as an adjunct
to surgical repair; it is not favorable by the authors as it carries a risk of meningitis.
Prevention of CSF leaks is by identification of leaks intraoperatively and sellar floor
reconstruction [62].

12.3 Diabetes insipidus

Diabetes insipidus (DI) is a common complication after transnasal endoscopic pitui-
tary surgery. It has been reported that the incidence of DI after TEPS is 0.9%–36.1% [63].
During tumor resection, injury of the neurons that produce and transport vasopressin
(magnocellular neurons) lead to DI, these neurons form the hypothalamo-hypophyseal
tract leading to a transient or permanent imbalance in water homeostasis [64].

Nayak et al. [65] found that tumor size, suprasellar extension, and preoperative
visual abnormalities are significantly correlated with the postoperative DI (P < 0.05).
In addition, Winzeler et al. [66] confirmed that a low serum peptide level at 12 hours
after surgery is a strong predictor of DI.

Transient DI typically occurs within 24–48 hours after the operation and usually
remits spontaneously within 3–5 days [67, 68].

Patients are diagnosed with DI and treated with desmopressin (1-diamino-8-arginine
vasopressin) when urine output is less than 5 mL/kg/hr. With a serum sodium concen-
tration of more than 145 mmol/L or an increase of more than 3 mmol/L in serum sodium
concentration between two consecutive tests after surgery. DI is considered permanent
if medical treatment is required for more than 6 months after surgery [66].

13. Current study

13.1 Objectives

A pilot study was conducted to investigate the demographic data, clinical presen-
tation, surgical management, and complications of pituitary tumors in a single center
in Khartoum.

33

Transnasal Endoscopic Pituitary Surgery: Indications,Technique, and Complications
DOI: http://dx.doi.org/10.5772/intechopen.1003030



13.2 Methodology

This is a retrospective, analytic, hospital-based study. Conducted in Ribat
University Hospital, Neuro Spine Center, Khartoum, Sudan. From November 2017 to
March 2023.

Study subjects: Patients presented to the outpatient department with symptoms
and signs of sellar pathology and upon radiological assessment have evidence of
pituitary tumor, or patients referred from: ophthalmology department with vision
affection, endocrine department with abnormal hormone profile, or obstetrics and
gynecology department with infertility. A multidisciplinary team evaluated the
patients by clinical, radiological, laboratory and detailed ophthalmological assessment,
the team consists of members from the following departments: neurosurgery, oph-
thalmology, endocrinology, otolaryngology, radiology, anesthesiology, and ICU.
Oncology and Obstetrics and gynecology were often required. The plan of manage-
ment was then set for each patient, including a lifelong follow up plan.

Inclusion criteria: Patients with pituitary tumors that were proven radiologically
and performed assessment by the multidisciplinary team. Patients who underwent
transnasal endoscopic pituitary surgery according to the decision of the team, with the
indications mentioned in this text.

Exclusion criteria: patients with sellar lesions other than pituitary tumors, e.g.,
chordoma, craniopharyngioma, meningioma… etc. and patients planned for external
(craniotomy) approach.

A data sheet was used to collect the information.
Surgical procedure: A transnasal endoscopic pituitary surgery was performed

according to the described technique and details mentioned in the surgical section
earlier.

13.3 Results

A total of 162 patients were included in this study, 150 were pituitary adenoma,
and 12 patients were other pathologies: three meningioma, one retroclival epidrmoid
cyst, 6 craniopharyngioma, one arachnoid cyst, and one fungal granuloma.

The ages ranged between 19 and 76 years. Males and females were almost equal.
Regarding the clinical presentation, vision impairment was the leading, it was
reported in 137 patients (91%), 6 patients (4%) presented with acromegaly, due to
excessive growth hormone production, and 7 patients (4.6%) with hyperpro-
lactinemia. Three patients (2%) presented with apoplexy. Tumor extension according
to MRI: 25 (17%) tumors were confined to the sella and 125 (83%) tumors extended to
supra and/or parasellar regions. During the COVID-19 pandemic, as recommended by
most of the guidelines to cease elective surgeries, only two emergency patients were
operated on, one presented with apoplexy, was a young general surgeon, presented
with severe headache and acute failing vision for 2 days, surgery was performed after
24 hours only of presentation, his vision was saved immediately postoperatively and
his career so. The second emergency patient presented with hydrocephalus, he
required external ventricular drainage before endoscopic transnasal surgery.

The operative time at the beginning was an average of 6 hours, it decreased to
2.5 hours after 3 years from the beginning, however, surgery was lengthened in
tumors with suprasellar and parasellar extension even lately.

Complications were: diabetes insipidus in 6 patients (4%), in five of them DI was
transient, CSF leak that required re-exploration and reconstruction was reported in 3
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patients (2%), tension pneumocephalus and CSF leak in one patient (0.7%), chest
infection in one patient, superior sagittal sinus thrombosis in one patient as shown in
Figure 16. Visual symptoms improved in 128 patients (93%), and the remaining 9
patients who showed no improvement in vision, their vision were affected for more
than 6 months when surgery was performed. Panhypopituitarism was reported in one
patient. The mortality rate is 2% (3 patients), one intraoperative death due to massive
uncontrolled bleeding (25 years male), one DI and one died of aspiration pneumonia
postoperatively.

Three patients required revision surgery for tumor recurrence. One patient
required a planned external approach after endoscopic transnasal resection, while two
patients had symptomatic and radiological tumor recurrence. No reported vision
deterioration, persistent anosmia, or internal carotid injury.

Gross tumor resection and outcome of surgery are still under prospective study
and will be reported somewhere else.

13.4 Discussion

In the current study, a variety of lesions were encountered in the sellar region,
reflecting the variety of anatomical structures at histological level, and diversity of

Figure 16.
MR Venography, demonstrating superior sagittal sinus thrombosis.
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embryological origin, apart from pituitary adenoma, lesions included meningioma,
chordoma, craniopharyngioma. One case was found to be fungal granuloma which
extended from the sphenoid sinus, mimicking pituitary adenoma, an important dif-
ferential diagnosis. Lesions of the sellar region present as early as childhood, for
example, craniopharyngioma, it is not uncommon, where six cases of
craniopharyngioma were diagnosed among the studied patients. Radiological findings
are a very important tool for making preoperative diagnosis of lesions other than
pituitary adenoma, a neuroradiologist is an important team member, where expertise
and opinion are very crucial in preoperative diagnosis, and hence management plan, a
combined multidisciplinary discussion, at the time of deciding the plan of manage-
ment has great input.

In low-resource countries where there is paucity of medical services, as the authors
experience, most of the patients are referred from ophthalmology departments with
visual complications, where adenoma is huge in size, Figure 3, demonstrates adenoma
on MRI pushing the optic chiasm.

The majority present with large or giant tumors upon radiological assessment with
suprasellar and parasellar extensions.

One patient presented with hydrocephalus because the tumor was enormous to the
extent that it extended superiorly leading to obstruction of the third ventricle as the
patient was initially managed by external ventricular drainage, and then scheduled for
elective endoscopic pituitary resection. This patient reflects the advanced clinical
manifestations of pituitary adenoma in the studied series.

Elective endoscopic transnasal surgeries were recommended to be paused during
the COVID 19 era [69], during that period elective transnasal endoscopic pituitary
surgeries were postponed.

One of the three apoplexy patients was a doctor, he presented with severe head-
ache for 2 days, and had deterioration in vision for 1 day, otherwise, he was dealing a
normal life, with no significant medical history, upon MRI brain, pituitary
macroadenoma was detected, within the next 24 hours of presentation, he was thor-
oughly investigated, where it was a nonfunctioning adenoma, vision impairment
started the second day of headache, this signifies that hemorrhage was progressive
and hematoma was rapidly increasing in size, he was operated on within 24 hours, and
showed immediate improvement in vision and headache in the postoperative period.
This case is another example of an emergency pituitary surgery.

The learning curve of endoscopic transnasal pituitary surgery was obvious and well
demonstrated by the reduction of operative time to almost one-third. This is achieved
by the acquisition of surgical skills, catching surgical tips and tricks, and forming
harmony between operating team members. With experience more complicated cases
are operated on, these include parasellar and suprasellar tumors, meticulous dissection
of these tumors requires a longer duration, to avoid injury of the neighboring struc-
tures, namely the carotids, optic chiasm, optic nerve, cavernous sinus, cistern, and
normal pituitary gland, special technique is advocated and described earlier in the
surgical section. Utilization of angled endoscopes improves surgical field exposure and
is anticipated to minimize the frequency of residual tumors.

The safest and cheapest way to avoid complications is by adequate knowledge of
the detailed anatomy, anatomical variations, and surgical landmarks. Image guidance
(neuro-navigation) is used to identify the bony landmarks, it is important especially
when anatomical variations are present, nevertheless, it is not a substitute for knowl-
edge, it is rather an adjunct, that helps increase safety and reduce operative time.
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Because our hospital is a limited facility, neuro-navigation is not provided routinely,
we depend mainly on knowledge of anatomy and surgical skills.

In this study, four patients out of 150 cases required surgical intervention, with a
rate of CSF leak of 2.7% only, this low rate is most likely due to the reconstruction
multilayer protocol which is described earlier; two important layers are abdominal fat
and nasoseptal flap, both are used routinely in reconstruction during primary surgery.

One patient developed CSF leak and deterioration in the level of consciousness
after a smooth and full recovery from anesthesia, 12 hours postoperatively, on MRI,
tension pneumocephalus was demonstrated. Generally in reconstruction as mentioned
earlier, multilayers are used, at the level of the osteal defect of the sellar floor,
fashioned septal cartilage is used, and tucked in beneath the bony edges of the sella, in
this particular patient the cartilage acted as a trapdoor allowing the escape of CSF and
permitting air to enter simultaneously, this patient required emergency revision and
reconstruction, he improved clinically and radiologically and was discharged from the
ICU 3 days later. This case is a good example of the importance of early emergence
from anesthesia, where neurological signs are indicative of intracranial complications.
Panhypopituitarism was reported in one patient, but due to missing data, as this is a
pilot study, a future prospective study, is expected to report hypopituitarism among
patients more frequently.

One patient developed superior sagittal thrombosis in the postoperative period. This
complication was reported in a revision case with endoscopic transnasal surgery [70].

14. Conclusion

Pituitary tumors present with ophthalmic and compression effects, these include
vision impairment and hydrocephalus, while nonfunctioning adenoma present with
excess hormone production, other sellar pathologies are frequently encountered, these
include meningioma, craniopharyngioma, and arachnoid cyst. Pituitary tumors occur
in a wide age range, Acute hemorrhage in pituitary adenoma presents with severe
headache and acute failing vision, in the current study it was reported in 2% of
patients. Radiological investigations are important for preoperative diagnosis and
planning and image-guided monitoring is advocated as routine or at least for patients
with unfavorable anatomical variations.

Endoscopic transnasal pituitary surgery nowadays is the gold standard surgery for
most pituitary tumors even those with sellar and suprasellar extension, the endoscope
has greatly revolutionized pituitary surgery, being minimally invasive and giving
superlative visualization of the surgical field when compared to the microscope,
especially the corners, furthermore, angled endoscopes display hidden recesses at the
tumor site clearly. On the other hand, the learning curve of endoscopic transnasal
approach is a steep curve. With experience, the operative time is reduced, surgical
outcome is improved, complications are decreased, and more extensive pathology is
dealt with. Perioperative management requires a team approach from different spe-
cialties related to pituitary pathology. Indications of urgent surgery are apoplexy and
hydrocephalus.

Complications of transnasal endoscopic surgery encountered in this study are CSF
leak, diabetes insipidus, pneumocephalus, aspiration pneumonia, superior sagittal
thrombosis, and death. Vision improvement is not expected when surgery is delayed.
Gross tumor resection and revision surgery need to be verified with a detailed longi-
tudinal study.
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Abstract

Meningioma is the most common type of primary brain tumor, accounting for 
approximately 30% of all brain tumors. Anterior skull base meningiomas represent 
8.8% of all meningiomas. They can be in olfactory groove, planum sphenoidale, or 
tuberculum sellae region. Their approach is challenging, tuberculum-planum sphe-
noidale meningiomas are a subgroup that can be approached and resected by using 
an endoscopic endonasal corridor. The complex anatomy in relation to important 
neurovascular structures poses difficulties in the resection of these lesions endonasally. 
Moreover, surgically created skull base defect closure is crucial for prevention of CSF 
leaks. In this chapter, the technical nuances and outcome of this approach are described.

Keywords: endoscopic, endonasal, tuberculum-planum sphenoidale, meningioma, 
outcome

1. Introduction

Anterior skull base meningiomas originate from different locations (olfactory 
groove [OG], planum sphenoidale [PS], tuberculum sellae [TS], parasellar region, 
or anterior clinoid. Tuberculum sella and planum sphenoidale meningiomas 
represent 5–10% of intracranial meningiomas [1]. Its incidence is common in the 
fourth decade of life. Female is more affected than male by this tumor. Due to their 
anatomical location, tuberculum sellae meningiomas play a significant role in the 
compression of the optic pathway. TS meningioma classically presents with “the 
chiasmal syndrome”, a primary optic atrophy with bitemporal field defect due 
to variable compression on the optic pathway. PS meningiomas are located more 
anterior and in proximity to the olfactory groove location so visual disturbances are 
uncommon. The pituitary hormone functions usually remain within normal limits. 
In neuroimaging the sella remains normal as the tumor 0riginates exclusively from 
tuberculum sella and planum sphenoidale. Conventionally craniotomy and surgical 
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decompression are the mainstay of treatment [2]. With the advancement of neuro-
imaging, neuro navigation, and optics, the endoscopic endonasal transsphenoidal 
approach is a favuorable surgical corridor for tuberculum sella and planum sphe-
noidale meningioma [3]. Without brain retraction and direct attack to the vascular 
supply, endoscopic endonasal transsphenoidal resection is a useful surgical option 
for TS and PS meningioma management as well as visual recovery [4].

In this chapter, the technical pearl and the outcome of endoscopic endonasal 
transsphenoidal approach for the management of TS and PS meningiomas will be 
described.

2. Materials and methods

Retrospective analysis of TS and PS meningioma which underwent endoscopic 
endonasal transsphenoidal approach. The surgical access was through transtubercular-
transplanum corridor. In the study, there were a total of 12 cases in a period of 8 years. 
TS meningiomas were located on the small surface between the chiasmatic sulcus and 
diaphragm sellae, and PS meningiomas, those located more anteriorly (Figure 1a and b).

All the patients in the study group had been examined preoperatively with 
computed tomography (CT) and magnetic resonance imaging (MRI) studies. 
Ophthalmological and endocrinological evaluations were done in all cases.

The indications for endoscopic approaches were tumors situated on TS-PS region 
in the midline with or without extension into the optic canal and vessel encasement. 
Those cases which underwent craniotomy, olfactory groove region tumor, a large 
tumor extending beyond the mid pupillary line were excluded both preoperatively 
and postoperatively.

In follow-up protocol clinical, radiological, and ophthalmological outcomes were 
recorded initially 3 monthly and 6 monthly for 2 years and then every year to rule out 
any recurrence. The outcomes were analyzed and recorded for each case individually.

3. Surgical steps

Preoperative counseling for the endoscopic endonasal approach was recorded as 
per standard protocol.

Figure 1. 
(a) Tuberculum sella (TS) meningioma and (b) planum sphenoidale (PS) meningioma [5, 6].
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Anesthesia: General anesthesia with orotracheal intubation.
Position: Supine position. The head was fixed by Mayfield head clamp and tilted to 

the left (Figure 2).
Preparation of nasal cavity: Normal saline and chlorhexidine gluconate were used 

for antiseptic wash. For vasoconstriction, adrenalin (1:1000) soaked cottonoids were 
used for at least 5 min.

Instruments: 4-mm rigid endoscopes with 0°, 30°, and 70° angled lenses.
Steps: The patient together with the endoscopic/video camera equipment is 

draped with aseptic techniques. Fascia lata and free fat graft were prepared from the 
thigh. The vascularized nasoseptal flap (Hadad flap) was raised. The surgical cor-
ridor was created by doing middle turbinectomy, removal of both the posterior bony 
septum and anterior cartilaginous septum, shoulder osteotomy, and removal of the 
vomer. The mucosa of the sphenoid sinus was removed to expose the sellar anatomy. 
Intra-op vascular Doppler was used to locate the ICA-to-ICA area. An electric drill 
was used to remove the bony area of TS-PS region and expose the dura over the 
tumor base.

Figure 2. 
Position-supine and head were fixed by Mayfield head clamp.

Figure 3. 
Intraoperative removal of tumors (a) tumor arachnoid interphase and (b) delivery of tumor.
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Removal of tumor: Endoscopic bipolar diathermy was applied for the devascular-
ization of tumor from the base. The tumor was removed by standard microsurgery 
technique under endoscopic view with identification of tumor arachnoid interphase 
(Figure 3).

Closure of skull defect: Skull base defect reconstruction was done with fat, fascia 
lata, Haddad flap, and reinforced with platelet-rich fibrin. In some cases, we used 
middle turbinate as a vascularized flap (Figure 4).

4. Results

4.1 Demography and Preop radiological findings

Table 1 shows the distribution of demography and prep radiological findings. Most 
of the patients were in the age group 31–40 years. There was female preponderance.

In neuroimaging, the tuberculum sella location was in seven cases, planum 
sphenoidale was in four cases, and the TS-PS region was in one case. All optic canal 
(OC) involvement and internal carotid artery (ICA) encasement cases arose from 
tuberculum sella meningioma (Figure 5).

4.2 Resection status

Figure 6 shows the distribution resection status of the tumor. Complete resection 
of the tumor could be achieved in eight cases and incomplete resection in four cases 
(cases 2, 3, 4, and 8).

Figure 7 illustrates the post-op complete resection status of the tumor.

Figure 4. 
Reconstruction of skull base defect.
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4.3 Ophthalmological outcome

The outcome of visual disturbances revealed, that there was improvement of 
vision in six cases, constant vision in four cases, and deterioration of vision in two 
cases (Figures 8 and 9).

4.4 Post-op complications

The post of complications were nasal complications including encrustation, 
synechiae, and anosmia found in five cases, cerebrospinal fluid (CSF) leak in two 
cases, and tumor recurrence in two cases. There was Diabetes Insipidus (DI) in one 
case (Table 2).

5. Discussion

Tuberculum sella and planum sphenoidale meningiomas are challenging anterior 
skull base tumors due to their treacherous anatomical relationship with neurovascular 
and endocrine structures. These lesions give rise to an early visual pathology with 
relatively slow progression. They may remain undiagnosed for longer periods of 
time because tumour-related other symptoms are missing or are subtle [7]. Surgical 
removal by craniotomy may result in traction injury to the visual apparatus, hypo-
thalamic structures and there may be trouble in skull base hemostasis. On the other 
hand, the endonasal route can avoid these technical issues by good visualization from 
the bottom with control of the skull base vascular supply of the tumor. In the study, 
Ottenhausen et al., have shown that patients treated through extended endoscopic 
approaches might benefit from better rates of complete surgical resection, and visual 

Case no Age (year) Sex Radiological location

1 31 F TS

2 35 M TS; OC involvement; ICA encasement

3 36 F TS; OC involvement

4 38 M TS + PS

5 45 M TS

6 48 F PS;

7 50 F PS;

8 52 M TS; OC involvement

9 57 F PS

10 58 F TS

11 65 M TS

12 72 F PS

Table 1. 
Demography and Preop radiological findings.
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outcome with preservation of olfaction, less CSF leakage with visual improvement [8]. 
Both mastery of conventional operative techniques and thorough endoscopic skills are 
essential for consistent, effective, and safe surgical performance [9].

Although there is some limitation of the surgical corridor through the endoscopic 
endonasal transsphenoidal approach, the removal of the medial portion of the lesser 
wing and anterior clinoid process increase the exposure and surgical freedom of the 
expanded endonasal approach [10].

There are cases described in the literature of tuberculum sellae meningiomas mis-
interpreted as pituitary macroadenomas, but this was not the case in our study [11].

Out of twelve cases operated, six cases presented an improvement of the visual 
acuity while in four cases the visual acuity remained stable, overall, this resulted in 
a stabilization of the preoperative visual acuity in over 83.33% of the treated cases, a 
percentage that is in accordance with endoscopic resection presented in the literature 
[12, 13]. In our study, TS meningiomas encasing and displacing the optic apparatus 
had a poor visual outcome.

Figure 5. 
Radiological illustration of cases.
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Figure 6. 
Distribution of resection status.

Figure 7. 
Radiological illustration of a case of a tuberculum-planum meningioma, preoperative (a and b) and 
postoperative (c and d).
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Complete resection of the tumor was achieved in 66.67% (12/8) of cases, which is 
well between the described 56–100% margins found in the literature [13]. Incomplete 
resection was found in those cases which extended into the optic canal and encase-
ment of vascular structures.

Figure 9. 
Ophthalmological illustration, preoperative (a and b), and postoperative (c and d).

Figure 8. 
Distribution of outcome of visual disturbances.
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CSF leak occurred in one case and was managed conservatively. The lower inci-
dence may be due to multilayer closure with vascularized nasoseptal flap.

Nasal complication with anosmia was found in two cases due to extensive dissec-
tion of olfactory mucosa for better exposure.

Tumor recurrences occurred in two cases. We believe this is due to the relatively 
small number of patients included in the study.

6. Conclusion

This study concludes that endoscopic endonasal transsphenoidal resection of 
TS-PS meningiomas is feasible. This surgical option can provide good tumor clear-
ance, visual improvement, and less complications. This small series does not reflect 
the standardization of this technique, so larger case series are recommended.

Conflicts of interest

There are no conflicts of interest.

Case no Complications Management

1 Nasal encrustation Nasal wash

2 DI, Tumor recurrence Transient DI resolved with vasopressin.
Tumor recurrence—stable with follow-up scan

3 Tumor recurrence Revision surgery

4 CSF Rhinorrhoea, Anosmia Conservative

5

6 Nasal encrustation Nasal wash

7

8 Tumor recurrence Follow up

9

10

11 Anosmia Assurance

12 Nasal synechiae Functional endoscopic sinus surgery

Table 2. 
Distribution of post-op complications with case distribution.
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Reconstruction of Scalp and 
Forehead Defects
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Abstract

The scalp and forehead are a specialized area of skin that protects the skull, and 
they differ based on color, long hair, and esthetic appearance. The skull bone is a 
subcutaneous bone that gets exposed after trauma, electric burn, infection, and 
following scalp tumor excision. Long-term exposure to the skull may lead to life-
threatening complications, such as brain abscess or meningitis. Options of coverage 
of scalp defects based on its location, depth, size, need for radiation, surrounding 
skin condition, and esthetic appearance. Partial or complete removal of skull bone 
may be required, depending on the bone’s condition and the disease’s nature. Options 
for cranioplasty rely on the size, location of the skull defect, and need for radiation. 
Most scalp defects can be managed with local scalp flaps with or without skin grafting 
at the donor site. Local flaps provide esthetic results because of their architectural 
similarity to the recipient site.

Keywords: scalp and forehead reconstruction, scalp flap, scalp defect, cranioplasty, 
bipedicle scalp flap

1.  Introduction

The scalp and forehead are multilayered structures covering the skull. Physically, it 
protects the cranium from external forces, controlling the temperature, and is estheti-
cally vital due to the presence of long hairs and involvement in facial expression. Defects 
in this region may be superficial, leaving intact pericranium, for example, trauma, avul-
sion injuries, thermal burn, skin infection, and following excision of benign skin lesions 
[1, 2]. Avulsion injury of the scalp is common in female workers because of long hair [3]. 
The high vascularity of the pericranium allows coverage with a skin graft in the superfi-
cial defects. Deep wounds usually occur after electric contact burn, excision of malig-
nant skin tumors, high forced avulsion injuries with exposure of skull bone, or even loss 
of bone segment with exposure of dura or brain. Reconstruction of these deep wounds is 
challenging for plastic surgeons, neurosurgeons, and oncosurgeons. Because of the thick 
galea layer, even primary closure of small scalp defects is difficult, so surgeons should 
have experience with all reconstructive procedures [4]. Reconstructive options for 
coverage include primary closure, secondary healing, skin grafting, local flaps, regional 
flaps, tissue expansion, and free tissue transfer [5]. Essential factors, such as defect size, 
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location, components, need for radiation, hairy or non-hairy nature of skin, surround-
ing tissue condition, and the potential for hairline distortion should be considered while 
selecting the coverage technique [6–8]. In addition, the basic knowledge of vascularity, 
innervation, components, and skin mobility in different areas is necessary while dealing 
with tissue loss in this region. Priority should be reconstruction with local flap with pri-
mary closure of donor site or grafted donor site placed in the less cosmetic area, result-
ing in a better esthetic outcome. Free tissue transfer is a time-consuming procedure and 
carries higher donor site morbidity than local flaps, unsuitable for high-risk patients.

2.  Anatomy of the scalp and forehead

The scalp and forehead are usually considered a single unit but differ in color, 
 texture, esthetic subunit, hair growth length, and pattern. The layers of tissue are 
almost similar in both areas except the galea layer of the scalp, replaced by the fron-
talis muscle in the forehead. The knowledge of vascular and nerve supply is helpful 
during the planning of reconstructive techniques without damaging the motor and 
sensory supply, especially in the forehead area, and identification of the recipient’s 
vessel for free tissue transfer.

2.1  Scalp

The scalp is formed by five layers, which can be remembered by the mnemonic 
SCALP: Skin, subcutaneous fat, galea aponeurotica, loose areolar tissue, and peri-
cranium. Scalp skin is thickest in the body and carries long hairs, posing difficulties 
while reconstructing with similar tissue. The subcutaneous fat layer contains the hair 
follicles, blood vessels, and fibrous septa, which connect the skin to the galea. Any 
dissection superficial to galea causes damage to hair follicles and excessive bleeding. 
Galea aponeurotica connects the frontalis muscle anteriorly and the occipital muscle 
posteriorly. Laterally, it continues as temporoparietal fascia and is confluent with 
the superficial musculoaponeurotic system of the face. Loose areolar tissue beneath 
galea aponeurotica allows the avascular plane for dissection. The temporal branch of 
the facial nerve runs in the temporoparietal fascia and gets protected while raising 
the bicoronal flap in this loose areolar plane [9]. The pericranium is the deepest layer 
covering the skull bones except at the temporal region, where it is fused with the 
deep temporal fascia, which covers the temporal muscle. The calvaria comprises eight 
bones formed by intramembranous ossification (frontal, paired parietal, and paired 
temporal bones) and endochondral ossification (occipital, ethmoid, and sphenoid 
bones). These bones are fused by four sutures named metopic, coronal, sagittal, and 
lambdoid. The calvaria has three layers: an outer table, a diploic space, and an inner 
table. The superior sagittal sinus is the most superficial sinus that runs in the midline 
under the sagittal suture and needs care while doing bony debridement in this region.

2.2  Forehead

The forehead is the upper part of the face, bounded superiorly and laterally by 
the anterior hairline and inferiorly by the supraorbital margin. It contains the paired 
frontalis muscle, which elevates the eyebrows and blends with the procerus medially, 
the corrugator centrally, and the orbicularis oculi laterally. A temporal branch of the 
facial nerve innervates the frontalis and corrugator muscles, whereas the deep buccal 
branch of the facial nerve innervates the procerus.
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2.3  Arterial supply

The scalp and forehead supply blood from paired supraorbital, supratrochlear, 
superficial temporal, posterior auricular, and occipital arteries. Supraorbital and 
supratrochlear arise from the ophthalmic artery, the first branch of the internal 
carotid artery, and other arteries are branches of the external carotid artery.

2.4  Venous drainage

Supraorbital and supratrochlear veins form the angular vein and drain into the 
facial vein. The superficial temporal and maxillary veins form the retromandibular 
vein, which divides into anterior and posterior divisions. The anterior division 
combines with the facial vein and includes a common facial vein, which drains into 
the internal jugular vein. The posterior division combines with the posterior auricular 
vein and forms the external jugular vein, which drains into the subclavian vein. The 
occipital vein drains into the suboccipital plexus.

2.5  Sensory supply

The paired sensory nerves of the scalp and forehead include supratrochlear (V1), 
supraorbital (V1), zygomaticotemporal (V2), auriculotemporal (V3), lesser occipital 
(C2–C3), and greater occipital (C2) nerves. The supraorbital and supratrochlear 
nerves supply the forehead and frontoparietal region of the scalp. The zygomatico-
temporal nerve supplies the region laterals to the brow and the temporal area of the 
scalp up to the temporal line. The auriculotemporal nerve supplies the lateral scalp 
region, and the greater and lesser occipital nerves supply the occipital region.

2.6  Lymphatic drainage

The part anterior to the ear drains into preauricular and parotid lymph nodes, 
whereas the part posterior to the ear drains into postauricular and occipital 
lymph nodes.

2.7  Etiology

The scalp and forehead defects usually arise after traumatic injury, including 
avulsion, tumor resection, congenital, electric, thermal burn, infection, and post-
radiation [10]. Trends of traumatic injuries are increasing due to the rise in roadside 
accidents and workplace injuries. Total or partial scalp avulsion injuries are more 
common in females because of long hairs [3]. The scalp and forehead are also com-
mon skin cancer sites because they are directly exposed to sunlight [5]. Many benign 
and congenital pathologies require excision followed by reconstruction. High voltage 
electric burn over the scalp is common in developing countries, causing exposure of 
skull bone. Radiation following tumor excision of the scalp or brain causes dehiscence 
of the suture line and ulceration, even exposure to implants [11].

2.8  Esthetic consideration of the scalp and forehead

The scalp is a single esthetic unit having thick hair-bearing skin demarcated by 
the anterior and temporal hairline. Preserving the hairline is a must while doing local 
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flaps to cover the scalp and forehead defects. The direction of hair growth varies in 
the different anatomical areas of the scalp, so incisions should be planned parallel to 
them, and minimum use of electrocautery to prevent visible scarring. The frontal, 
parietal, and vertex are more of a cosmetic concern than the temporal and occipital 
areas. Historically, the forehead has been subdivided into one central unit, two 
temporal units posterior to the anterior temporal crest, and two eyebrow units along 
the supraorbital rims. Recently, the forehead has been subdivided into paramedian, 
lateral, and lateral temporal subunits [12].

2.9  Assessment of the defect and treatment planning

A detailed history and local examination are essential before selecting a recon-
structive technique. Associated medical conditions, such as diabetes, hypertension, 
smoking, coronary artery disease, and asthma, should be assessed along with previous 
surgery and radiation history. In clinical examination, defect size, location, depth, 
surrounding skin condition, hairy or non-hairy nature of skin at the defect site, and 
potential for hairline distortion should be kept in mind. Defects following trauma and 
benign lesion excision are primarily superficial and can be managed with skin grafting 
if not able to closed with similar local tissue. Oncological resection is usually deep and 
requires the removal of bone, which may be reconstructed immediately along with 
a flap cover or in the second stage. Long-standing exposure of skull bone in electric 
contact burn also necessitates the removal of partial or complete bone followed by 
flap coverage [13]. Dural defects must be repaired with artificial patches or a non-
vascularized fascial graft. Small defects at the forehead and scalp are manageable with 
primary closure or local flaps. Mobility of skin and availability of arc of rotation is 

Wound characteristics Consideration

Location of the defect Forehead
Central
Lateral
Scalp
Frontal
Parietal
Vertex
Temporal
Occipital
Combined

Size of defect Small (<4 cm2)
Medium (4–50 cm2)
Large (50–200 cm2)
Very large (>200 cm2)

Depth Subcutis
Pericranium
Bone/implant
Dura
Brain

Surrounding structure Nearby scarring
Hairy or non-hairy skin
Hairline and brow position

Table 1. 
Factors determining selection of graft.
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less in the central region, which necessitates the closure of the medium-sized defects 
by a double rotation flap compared to the peripheral area, where a single rotation flap 
can cover. A skin graft is acceptable for the defect at the non-hairy scalp. Coverage of 
large scalp defect with a transposition flap necessitates skin grafting at the donor site, 
which should be kept in a less esthetic place (temporal, occipital) so that nearby long 
hairs can cover the skin-grafted area. In avulsion injuries, you may sometimes find 
an injured vascular pedicle, necessitating using a vein graft or arterio-venous loop to 
use recipient vessels outside the trauma zone for reimplantation or free tissue transfer 
(Table 1).

3.  Reconstructive options

3.1  Primary closure

The scalp wound up to 3 cm in diameter is considered amenable to primary closure 
[14]. The galeal layer is a rigid structure with limited mobility, so wide skin under-
mining is required to close the defect primarily in a tension-free manner. Galea scor-
ing perpendicular to the line of maximum tension and parallel to the subaponeurotic 
blood vessel is also helpful in facilitating tension-free closure [15, 16].

The forehead skin is mobile, and slight undermining in the subcutaneous plane 
results in the primary closure of the small defects. The horizontal scar along the 
natural crease is cosmetic appealing but has the risk of upliftment of brow position. 
Vertical closure avoids this problem but decreases the distance between eyebrows 
when tried in the glabellar region. The Limberg flap maintains the inter-eyebrow 
distance, transposing the nearby skin at the defect site (Figure 1). Linear closure after 
elliptical excision has a long scar, which can be avoided using “M” plasty.

3.2  Secondary healing

Healing by secondary intention can be allowed for very small scalp defects without 
exposure to the bone in a hairless area [14]. However, most reconstructive surgeons do 
not consider this method as it causes bald scars. Superficial burns and abrasions usu-
ally heal by secondary intension, but daily dressing is needed for an extended period. 
Conservatively managed post-traumatic and burn wounds over the forehead produce 
a shift of hairline and eyebrow position due to wound contraction (Figure 2). The 
upward shift of the eyebrow may pull the eyelid tissue. A vacuum-assisted closure 
device helps to fasten the wound contraction in chronic nonhealing wounds with 
continuous discharge (Figure 3).

3.3  Skin grafting

Skin grafting may be considered for large-sized defects at the forehead and 
scalp area, which cannot be covered by local flaps with primary closure of the flap 
donor site. The lateral forehead, temporal, and occipital regions are of less cosmetic 
importance (Figure 4), and defects in this region can be resurfaced with skin graft-
ing. Preservation of pericranium is a prerequisite for skin grafting. The disadvantage 
of this procedure are scar alopecia, instability in the long term, and not suitable for 
radiation therapy. These skin-grafted areas can be replaced by expanded flaps from 
nearby areas later for cosmetic reasons. Skin grafting suits patients with comorbidities 
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who can not tolerate major surgeries. A free split-thickness skin graft can be done 
after drilling down to the diploic layer of bone to improve the granulation process 
for coverage of broad defects more significant than 100 cm2 with loss of pericranium 
when other options are not feasible [17]. The use of a dermal regenerative template 
has also been described after removing the external table to improve the cosmetic 
outcome and durability of the graft [18, 19]. However, the increased cost of treatment 
and risk of infection are there. Combined vacuum-assisted closure dressing and a der-
mal regenerative template can improve wound beds when vital structures are exposed 
to scalp wounds [20].

3.4  Local flaps

Local scalp tissue arrangement can cover small- to medium-sized defects with 
donor area closure. Defects up to 50 cm2 in the peripheral (temporal, parietal, and 
occipital) region allow coverage with a single rotation flap (Figure 5) because mak-
ing a wide arc of rotation is possible [13]. Planning of double opposing rotation flaps 
(Figure 6) is needed for the similar-sized defects at the vertex regions. The arc of the 
rotation flap must be marked at the periphery four to five times the defect margin, 
ensuring primary closure of the donor area. The rotation flap requires a wide under-
mining and long incision and is time-consuming compared to the transposition flap. 
Therefore, it should be avoided in unstable patients. Injecting an adrenaline solution 

Figure 1. 
A. Scarring over forehead following Bindi application; B. Excision of scar and coverage with Limberg flap.

Figure 2. 
A. Postburn scarring on the left side of forehead causing eyebrow and lid upward pull; B. Correction of lid 
deformity by Z plasty at lateral canthal region and skin grafting after the release of brow pull.
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of 1:200,000 dilution at the marking site reduces blood loss, and the flap is elevated 
in the avascular plane with the preservation of the pericranium. Backcut at the pivot 
point toward the flap base and galea scoring is advisable for tension-free closure.

The central forehead defects need coverage with an O-T flap with a transverse 
incision along the hairline when defects are located at the middle and upper parts 
(Figure 7). For defects at the lower part of the forehead, transverse incisions need 
to be made just above the eyebrow to avoid approximation of the medial end of the 
eyebrows. Lateral forehead defects can be covered with a worthen flap [21] or tem-
poroparietal fascia flap with an overlying skin graft (Figure 8). The temporoparietal 
fascia flap has a wide arc of rotation from the postauricular region to the lateral 
forehead. This fascial flap is supplied by a temporal branch of the superficial tem-
poral artery, which runs just under the surface of the fascia. The plane of dissection 
between skin and fascia is demanding; too superficial dissection and excessive use of 

Figure 3. 
A. Infected wound over the scalp with recurrent dehiscence; B. Promoting secondary healing by vacuum-assisted 
closure device.

Figure 4. 
A. Scalp avulsion injury over the occipital region with a defect size of 12 × 10 cm; B. Skin graft application over 
intact pericranium.
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electrocautery may result in postoperative alopecia. Temporoparietal fascia with the 
temporal skin strip can be used for eyebrow reconstruction where the skin is scarred 
and not suitable for hair grafting (Figure 9). The temporalis muscle, supplied by the 
deep temporal artery, is a valuable flap for resurfacing the orbital cavity following 
exenteration. A piece of bone can be elevated along with the temporalis muscle, with 
its deep fascial extension used in various facial reanimation procedures.

There are large defects where the donor site cannot be closed using a rotation flap; 
a transposition flap is suggested. The length of the transposition flap should be from 
the flap’s pivot point to the defect’s farthest point with a length-to-width ratio of up 
to 1:1 to 1:3 with the named vessel at the pedicle base. When the length-to-width 
percentage increases more than 1:3, or the flap distal margin crosses the midline, 
planning a bipedicle flap is advisable to increase the flap’s vascularity. The bipedicle 
fronto-occipital (Figure 10) and temporo-temporal (Figure 11) flaps are supplied 

Figure 5. 
A. Benign skin lesion at right parietal region; B. Excision of the lesion and coverage with a single rotation flap.

Figure 6. 
A. Exposed skull bone following post-electric contact burn; B. Debridement and coverage with double rotation flap.
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by named vessels at both ends and have a wide coverage scale. The dog ear at the flap 
base in the transposition flap should not be excised immediately because it would nar-
row the pedicle and decrease its blood supply. The donor site of the transposition flap 

Figure 7. 
A. Mid forehead defect of size 5 × 5 cm following excision of an unstable scar; B. Coverage with O-T flap.

Figure 8. 
A. Basal cell carcinoma at right lateral forehead; B. After excision of the lesion defects size of 7 × 6 cm and 
exposed bone; C. Raised temporoparietal fascia flap; D. Coverage of the defect with fascial flap and overlying skin 
graft.
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needs skin grafting. The donor site of the transposition flap at the less cosmetic and 
bald area (Figure 12) provides acceptable results [13].

The galeopericranial, pericranial, and galeal flaps are highly reliable and versatile 
for anterior skull base defect reconstruction to prevent cerebrospinal fluid leaks 
and brain herniation [22, 23]. The pericranial flap is routinely used to obliterate the 
nasofrontal duct following cranialization of the frontal sinus (Figure 13). These flaps 
are designed to have a base toward the defects. They are elevated during the bicoronal 
flap elevation. Split calvarial bone grafts with pericranial flap have been described for 
reconstructing large anterior skull base defects.

3.5  Regional flaps

Due to limited reach, the regional flap is restricted to the occipital and lateral 
forehead regions. Expanded flap from face usually advanced to lateral forehead in 
managing the postburn scarring. Extended supraclavicular, pectoralis major, and 
latissimus dorsi flap have been described to cover the lateral face and forehead. 
A lower trapezius musculocutaneous flap is commonly performed to protect the 

Figure 9. 
A. Postburn eyebrow loss with surrounding scarring; B. Brow reconstruction with temporoparietal fasciocutaneous 
flap.

Figure 10. 
A. Necrotic scalp skin following avulsion injury left temporoparietal region; B. Debridement and coverage with 
bipedicle fronto-occipital flap with skin graft at the flap donor site for defect size of 18 × 10 cm.
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Figure 11. 
A. Post-electric contact burns with exposed skull bone at frontoparietal region; B. Defect covered with bipedicle 
bucket handle flap and skin graft at the flap donor site.

Figure 12. 
A. Squamous cell carcinoma on the right parietal region; B. 8 × 8 cm size defect after wide local excision; C. 
Coverage with transposition flap from the bald area; D. 3 months postoperative result.
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occipital defects with exposure of bone and implants. These distant pedicle flaps, such 
as trapezius, pectoralis, and latissimus dorsi myo-cutaneous flaps, are marked on the 
distal point of flap territory to maximize the reach, which also increases the chances 
of flap ischemia. Other disadvantages of distant flaps are non-hairy, poor skin color 
match, thick pedicle, and bulky skin paddle [24].

3.6  Microvascular reconstruction

Local and regional flaps cannot cover extensive scalp defects >200 cm2 area. In these 
conditions, free tissue transfer is indicated for the best outcome. Free tissue transfers are 
mainly required after post-tumor resection with loss of pericranium or calvarial defect 
with exposed dura. Other indications are extensive avulsion injury and electric contact 
burn of the scalp and forehead. Latissimus dorsi muscle flap, anterolateral thigh flap, 
para scapular flap, rectus abdominal flap, radial forearm flap, etc., are some commonly 
used free flaps for scalp and forehead reconstruction [25–27]. Among the free flaps, 
muscle flaps with an overlying skin graft are less bulky than fasciocutaneous flaps and 
provide better contour. Free latissimus dorsi is a workhorse flap in scalp reconstruc-
tion (Figure 14) with a broader scale of coverage and acceptable donor site morbidity. 
Fasciocutaneous free flaps are preferred when the calvarial bone is reconstructed using 
titanium mesh implants because there are no chances of atrophy, scarring, and better 
postoperative radiation toleration [28]. Fasciocutaneous flaps are also preferred for 
forehead reconstruction and when secondary cranioplasty is planned. The esthetic 
outcome of free flaps is lower when compared to local flaps but more than skin grafting.

3.7  Scalp replantation

Scalp replantation is the standard treatment for complete and partial scalp avul-
sion injury. No other procedure can give results, such as replantation. Loose areolar 
tissue allows subgaleal dissection during the entrapment of scalp hair in a moving 
machine. Many times, some parts of the pericranium are also lost. The first patient 

Figure 13. 
A. Cranialization of the frontal sinus and elevation of the pericranial flap; B. Fixation of the anterior table after 
blockage of the nasofrontal duct with pericranial flap.
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should be stabilized hemodynamically. If the avulsed part is in good condition, repair 
of the single artery can survive the whole avulsed skin. Two team approaches can need 
to work simultaneously to shorten the surgery duration. The superficial temporal 
artery and vein are the most used recipient vessels for anastomosis. Two veins should 
be repaired to prevent the risk of venous congestion. A vein graft may be required if 
recipient vessels are injured. Nerve repair is indicated for recovery of sensation.

3.8  Calvarial reconstruction

The different etiologies of calvarial defects are traumatic loss, post-oncological 
resection, removal of dead bone, and craniectomy defect following intracranial sur-
geries. Immediate reconstruction of calvarial defects after craniectomy determined by 
the size and location of bone defects and expected intracranial pressure. Indications 
of cranioplasty are protection from trauma, cosmesis, and the putative “syndrome 
of trephined.” Small- to medium-sized bone defects (≤5–7 cm) in cosmetic and 
pressure-sensitive areas, such as the forehead or occipital region indicate cranioplasty. 
Morselized bone grafts for small-size defects and calvarial or rib grafts for medium-
size defects are advisable [27]. However, large-size bony defects require a vascularized 

Figure 14. 
A. Near total scalp avulsion with exposed skull bone; B. Coverage with free latissimus dorsi muscle flap and 
overlying skin graft; C and D. 6 months follow-up results.
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rib graft with a free latissimus dorsi muscle flap cover [29]. But nowadays, titanium 
mesh is an excellent alternative to autograft in all types of defects. Non-vascularized 
bone grafts and prosthetic material are not advisable when postoperative radio-
therapy is planned. Bone resorption, exposure, and infection are the most common 
complications following cranioplasty, leading to revision surgery [30].

4.  Summary

Local scalp flaps can cover small- to medium-sized scalp and forehead defects. 
Primary closure of the donor area or skin grafting at a less cosmetic area results in 
better esthetic outcomes. Large-sized defects, the need for postoperative radiation, 
and coverage after bony reconstruction indicate free tissue transfer. A single or 
double rotation flap selection depends on the defect’s location and the donor area’s 
availability rather than the size. Single or bipedicle transposition scalp flaps have a 
wider coverage scale, are less time-consuming, and are advisable in high-risk patients. 
Debridement of the outer surface of the cranium is needed in long-standing exposed 
bone or to promote granulation before skin grafting.
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Chapter 5

Management of Blunt 
Cerebrovascular Injury:  
A Literature Review
Trung Kien Duong

Abstract

Blunt cerebrovascular injury (BCVI) is one of the most common clinical 
 manifestations in patients with skull base trauma and severe traumatic brain injury. It 
is also the cause of later stroke, including ischemia and hemorrhage. Screening high-
risk patients by several grading scales will support the identification and manage-
ment of the complications of BCVI. Computerized tomographic angiography (CTA) 
and digital subtraction angiography (DSA) play a crucial role in identifying the 
lesion of cerebrovascular injuries. Antithrombotic therapy is the essential treatment 
for minimizing the risk of BCVI-related. This chapter aims to review the updated 
 management of BCVI.

Keywords: blunt cerebrovascular injury, antithrombotic, endovascular, Denver 
criteria, computerized tomographic angiography, digital subtraction angiography

1. Introduction

Blunt cerebrovascular injury includes blunt macrovascular and penetrating 
cerebrovascular injuries, which occur in about 1% of all traumatic brain injuries, 9% 
in severe traumatic brain injuries, and 1–2% in the in-hospital trauma population. 
Most of the lesions are found in the extracranial segment of carotid and/or vertebral 
arteries.

Patients with cervical spine trauma, including upper cervical spine, ligamentous 
injuries, and traumatic subluxation placing, have the strongest association with BCVI. 
However, the LeFort II or III fracture and basilar skull fracture extending carotid 
canal patients should be alerted to BCVI. These lesions are most commonly identified 
in trauma patients with high-energy injury mechanisms, for example, car accidents, 
falling… with flexion, extension, or rotation of the neck, or a direct blow to or lacera-
tion of the blood vessels. Blunt carotid injury generally causes contralateral hemipa-
resis or hemiplegia, aphasia, dysphasia, or Horner syndrome. Ataxia, dizziness, or 
visual field deficits can be resulted from blunt vertebral injury.

The imaging modality for diagnostic BCVI still focuses on CT angiography and 
DSA. The standard of reference is DSA, but CT angiography becomes popular and 
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contributes many useful characteristics of BCVI. All patients with high-risk factors 
for BCVI should undergo DSA as the final test for BCVI.

While the application of screening protocols is accepted generously, the treatment 
remains a discussion. Early identification and treatment of BCVI help reduce the rate 
of mortality and morbidity. Antithrombotic therapy, either with anticoagulation or 
antiplatelet agents, has long been accepted as the first-line of BCVI patients. However, 
the medication choice and the duration of treatment are still controversial.

2. Epidemiology

The prevalence of BCVI as a variant depends on the different studies. A systematic 
review and meta-analysis from Franz et al. [1], the incidence range of BCVI was 
between 0.18 and 2.7% among 122.176 blunt trauma patients. This result came from 
20 studies published from 2004 to 2011.

Another prospective, observational, single-center study published in 2016 showed 
the incidence of BCVI was 9.2% among 228 patients with severe traumatic brain 
injury. The three most common risk factors included motorcycle crash, fracture 
involving the carotid canal and cervical spine injury [2].

The study by Hundersmarck et al. [3] showed that 0.59% of BCVI patients 
in 12.122 blunt trauma populations. The most popular mechanism of trauma in 
Hundersmarck’s research was a car accident (31%) followed by fail from stairs (24%). 
Motor vehicle collision or other modes of transportation is also the most frequent 
reason of BCVI (56.1%) in a total of 1.204 patients during 10-year follow-up at a level 
I trauma center [4]. The result of this study showed about 42% BCVI population suf-
fered from traumatic brain injury. The highest incidence of BCVI met in patients with 
cervical trauma (7.3%), followed by basilar skull fracture (1.6%), polytrauma (1.5%), 
and whole blunt trauma group (0.59%).

A study by Wu et al. [4] collected 1204 BCVI patients (2.5%) in a group of 47.773 
blunt trauma patients. CT angiography is the key imaging to confirm the vessel 
injuries. The incidence of BCVI-related stroke in this research was 8.5%, the median 
time to stroke was 2 days (with a range of 0–12 days).

Another study by Esnault et al. [2] found that BCVI accounts for 9.2% of all severe 
traumatic brain injury admissions. These included 71% with carotid artery injury, 
24% with vertebral artery injury, and 5% with damage to both.

The injury of carotid artery and vertebral artery in the study of Harper et al. [5] 
were 47 and 58%, respectively. But the difference in the incidence of stroke between 
internal carotid (8.8)% and vertebral injuries (3.6%) was not statistically significant.

3. Mechanisms of BCVI

High-energy injury mechanisms are confirmed as the cause of BCVI by many 
researchers [2, 6–8]. High-speed motor vehicle collisions are the most popular cause 
of BCVI, but chiropractic manipulation, direct blows to the neck, and any mechanism 
resulting in rapid deceleration or acceleration accompanied with or without rapid 
head turning was reported as the cause of BCVI. Esnault et al. [2] categorized the 
main mechanism of BCVI: hyperextension with contralateral rotation of the head, 
laceration of the artery by adjacent fractures, direct blow to the neck, and direct 
intraoral trauma with a hard object. This categorization is similar to the opinions of 
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Crissey and Bernstein in 1974. These two authors introduced 4 physiologic mecha-
nisms which include direct blow to the neck, hyperextension with contralateral 
rotation of the head, laceration of the artery by adjacent fractures involving the 
sphenoid or petrous bone, and direct intraoral trauma with a hard device. Traumatic 
brain injury and skull base fractures can make easily a carotid artery injury, whereas 
cervical spine injury is associated with vertebral artery lesions. The most common 
mechanism of carotid artery injury is hyperextension caused by stretching of this 
artery over the lateral processes of C1 to C3.

4. BCVI screening

Some guidelines are recommended for screening patients who had high risk of 
BCVI, including Denver criteria and/or modified Denver criteria [9], Western Trauma 
Association (WTA) [7] screening recommendation, and Eastern Association for the 
Surgery of Trauma (EAST) [10]. The summary of screening recommendations for 
BCVI is shown in the Table 1.

Research by Biffl et al. [11] identified independent risk factors for BCVI after the 
follow-up of 249 patients by CT angiography. These included GCS less than 6, petrous 
bone fracture, diffuse axonal brain injury, and Le Fort II or III fracture. The high-risk 
mechanism patient with one of these circumstances was associated with a 41% risk 
of BCVI. The result of this study also announced that a patient with a cervical spine 
fracture had a 39% risk of vertebral arterial injury.

Screening for BCVI was recommended as level II by EAST in case of unexplained 
neurologic symptoms or arterial epistaxis after the traumatic brain injury. This 
guideline also gives a recommendation with III level for the asymptomatic patients 
who suffered from traumatic brain injury with Glasgow Coma Scale less than or equal 
to 8, a diffuse axonal injury, petrous bone fracture, fracture at high cervical segments 
[10]. The advantage of applying a screening tool helps the detection of BCVI increase 
versus no screening protocol [12].

A new screening model created by Japanese neurosurgeons was published in 2021 
[13]. A multivariate analysis indicated 13 factors that were significantly associated 
with BCVI. These elements were sex (male – female), high-energy impact, hypoten-
sion on admission, Glasgow Coma Scale score below 9, injury to the face, injury to 
the neck, injury to the spine, injury to the lower extremity, supratentorial subdural 

Signs/
symptoms

Massive hemorrhage from the neck, nose, and mouth,
Cervical hematomas develop.
Cervical bruit in a patient below 50 years old
Focal neurological deficit
Appearance of the secondary stroke on CT or MRI

Risk factors 
for BCVI

Maxillofacial fractures from high-energy mechanism, including mandible fracture, Le Fort 
II or III fractures.
Complex skull, basilar skull and/or occipital condyle fractures.
Cervical spine fracture or subluxation, including vertebral body fracture, transverse foramen 
fracture, subluxation or ligamentous injury, any fracture at C1 through C3.
Severe traumatic brain injury
Traumatic brain injury with thoracic injuries

Table 1. 
Signs, symptoms and risk factors of BCVI.
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hemorrhage, skull base fracture, cervical spine fracture or subluxation, lumbar spine 
fracture or subluxation, soft tissue injury of the face. When the definition of BCVI 
was narrowed to include only carotid and vertebral artery injuries, the AUC of the 
model in predicting these injuries was 0.89 (95%CI, 0.87–0.91).

5. Imaging

5.1 Digital subtraction angiography (DSA)

DSA plays a key role and standard imaging modality for the diagnosis of BCVI, 
but it still has some limitations. This method is an invasive, cost-effective tool, has a 
complication rate of 1–3% which includes vascular dissection and thromboembolism, 
and not provide by all trauma centers as a full-time, 24/7 service. With the develop-
ment of CTA, DSA is mostly performed when an intervention is planned.

According to EAST guidelines [10], DSA was given a level II recommendation in 
screening BCVI. The two latest systematic review and meta-analysis study of CTA 
versus DSA in BCVI diagnosis suggests that CTA has reasonable specificity but low 
sensitivity [14, 15]. The pooled sensitivity and specificity of CTA were 64% (95%CI, 
53–74%) and 95% (95%CI, 87–99%), respectively when compared to DSA. This 
guideline showed the estimated positive likelihood ratio, a negative likelihood ratio, 
and a diagnostic odds ratio was 11.8 (95%, 5.6–24.9), 0.38 (95%, 0.30–0.49), and 31 
(95%, 17–56), respectively [15]. To determine the accuracy of CTA versus DSA in 
evaluate the lesions between BCVI carotid and BCVI vertebral, the result showed the 
similar in sensitivity and specificity.

5.2 CT angiography

Most of the patients who had BCVI got the polytrauma presentation. The BCVI 
candidates always have an indication for screening whole-body for prevention of 
the missing-lesions such as thoracic, abdomen, and spine. Hundersmarck et al. [3] 
indicated an augmentation of the dose of intravenous contrast administration flow for 
total body CT scanning from 3 to 6 ml/s to advance the diagnostic yield for cervical 
vascular lesions. Because of this remodeling, an increase in explorer incidence from 
0.3 to 0.8%, from 0.9 to 2.4%, from 1.2 to 1.9%, from 4.6 to 8.5% in the whole blunt 
trauma group, in the polytrauma subgroup, in patients with a basilar skull fracture 
and in the cervical spine trauma subgroup, respectively, have been shown. These 
authors believe that in the setting of not scanning the total body, the patients may 
benefit from the modification for confirming the grade of cervical artery injuries. 
CTA can be used to classify and follow-up BCVIs. It can provide important decisions 
in the management and planning of the treatment of lesions.

In a European level 1 trauma center, the incidence of BCVI was changing between 
period I (using 64-slides scanner) and period II (using 256-slides scanner) [3]. During 
the first period, BCVI incidence was found to be 0.3% in the whole blunt trauma patients, 
0.9% in the polytrauma subgroup, 1.2% in patients with basilar skull fracture, and 4.6% 
in the cervical spine trauma subgroup. With 256-slides scanner, the result in an increase 
of detected was 0.8% in the whole blunt trauma group, 2,4% in the polytrauma popula-
tion, 1.9% patients with basilar fractures, and 8.5% cervical spine trauma subgroup.

CTA is a useful modality for the purpose of follow-up the BCVI patients. Wu 
et al. [4] suggest that CTA has the highest diagnostic yield in identifying the 
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changing of lesions within the first 30 days after the trauma. These authors also 
confirm the best effect on the treatment of BCVI when CTA was performed within 
30 days of injury. However, CTA has intermediate effects between 30 and 90 days, 
and no transformation when performed beyond 90 days, particularly in high-grade 
injuries.

However, the difference of channel CTA can affect the result. One- to four-
slice multidetector CT angiography is neither sensitive nor specific enough for 
screening BCVI, and a minimum 16-channel CT angiography is available sensitive 
technology for diagnosis BCVI [6, 8, 10]. Kik et al. [15] showed the sensitivity and 
specificity that were reported at 70.3% (95%CI, 41.3–88.9) and 96.1% (95%CI, 
86.5–98.9) in over 16-slice group, respectively, and 63.1% (95%CI, 46.3–77.2) 
94.6% (95%CI, 61.0–99.5) in below 16-slice-CTA group, respectively. The system-
atic review and meta-analysis from Kik et al. only concluded that the moderate to 
good specificity but low sensitivity of CTA in comparison with DSA in diagnosing 
BCVI. Using CTA with higher channels (16–64) can not be more effective than 
lower channels (< 16).

The classification of BCVI in CTA or DSA was requested by Biffl et al. in 1999. It 
was applied for prognostication and comparison with repeated imaging (Table 2 and 
Figure 1) [8].

A retrospective cohort study from Ares et al. [16] with 312 patients includes that 
DSA is more accurate and sensitive than CTA in diagnosis BCVI. The DSA helps to 
avoid overtreatment in up to 41% of cases (CTA false positives), and can avoid miss-
ing injuries in up to 28% of cases (CTA false negatives). They introduced a protocol 
with DSA after the initial trauma and repeat within 2 weeks of injury to confirm the 
management of BCVI patients.

Abu et al. [17] listed several lesions that can mask or mimic focal vascular injuries 
on CTA. It resulted from artifact to preexisting pathologies and underlying normal 
anatomical variants.

Artifact: such as motion, swallowing, and pulsation during the performance. 
Dental implant artifacts should be removed before scanning the patient.

Preexisting nontraumatic pathology: Atherosclerotic plaque that makes the 
vessels narrow can mimic the appearance of a vascular injury. Atherosclerotic 
plaque can be distinguished from intramural hematoma. We can differentiate the 
two lesions by MRI. Underlying vasculitis or vascular dysplasia also makes a false 
diagnosis.

Underlying normal anatomical variants: Segments of vessel tortuosity, redundancy, 
and coiling can make a mistake as a small pseudoaneurysms. Preexisting vascular 
duplication and fenestration sometimes can result an emulating a double-lumen sign.

Biffl et al. injury grade Definition

Grade I Luminal irregularity or dissection with <25% luminal narrowing

Grade II Dissection or intramural hematoma with ≥25% luminal narrowing

Grade III Pseudoaneurysm

Grade IV Occlusion

Grade V Transaction with free extravasation

Table 2. 
Denver grading scale for blunt cerebrovascular injury.
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Figure 1. 
Illustration of BCVI grading scale.
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6. Treatment

To date, guidelines from the Western Trauma Associations [7] and EAST [10] 
recommend antithrombotic therapy, endovascular therapy, or surgical treatment 
based on the location and grade of injuries.

Recommendation from Brommeland et al. (2018) [8] suggests that a low-molecu-
lar weight heparin in antithrombotic doses within 24-48 h of the diagnosis followed 
by oral aspirin 75 mg daily. They also made a strong recommendation for the timing 
of antithrombotic therapy. Early usage as soon as possible is recommended even in the 
setting of severe traumatic brain injury or other solid organ injury.

In 2011, the ASA/ACCF/AHA/AANN/AANS/ACR/ASNR/CNS/SAIP/SCAI/SIR/
SNIS/SVM/SVS guideline found level B for the treatment of stroke or transient isch-
emic attack patients with any anticoagulant agents (low-molecular-weight heparin, 
heparin, or warfarin) or an antiplatelet one (aspirin with or without extended-release 
dipyridamole, or clopidogrel exclusively) [18]. The duration of treatment lasted from 
3 to 6 months after the trauma.

The practice management guideline from the Eastern Association for the Surgery 
of Trauma (2020) [12] suggested the benefit from the usage of antithrombotic versus 
no antithrombotic can decrease the risk of stroke (OR = 0.20–95%CI, 0.06–0.65 – 
p < 0.0001) and mortality (OR = 0.17–95%CI, 0.08–0.34 – p < 0.0001). And the 
guideline can not show any significant difference in the risk of stroke among patients 
with grade II or III injuries who underwent stenting as an adjunct to antithrombotic 
versus antithrombotic alone (OR = 1.63–95%CI, 0.2–12.14 – p = 0.63).

But the Western Trauma Association can not indicate any antithrombotic drugs for 
initial management. Aspirin may be available, but dual antiplatelet therapy (aspirin com-
bined with clopidogrel) can be a safety and efficacy in a number of clinical  situations [7].

Catapano et al. [19] indicated aspirin as the first-line therapy for patients with BCVI, if 
there were no contraindications, such as gastrointestinal bleeding, large ICH, or progres-
sion of ICH. After the treatment with aspirin, only 1/56 patients got stroke, 2/56 patients 
had progression of an intracerebral hemorrhage (neither required decompression) and 
2/56 patients suffered from severe gastrointestinal bleeding. The result of follow-up of 
this aspirin group by vascular imaging showed the stable or improved levels of BCVI in 
94% of patients. There were no delayed strokes or death. These authors concluded the 
aspirin-based management strategy for BCVI was efficacious and relatively safe.

Esnault et al. [2] made a decision to anticoagulation therapy on day 1.5, and 41% 
patients were indicated on arrival in the ICU. These authors believed that the latent 
period between injury and ischemia was observed mostly with 10–72 hours, the effect 
of this therapy can be easily monitored by partial thromboplastin time or anti-factors 
Xa activity, and in the setting of hemorrhagic complication or emergency surgery, 
this therapy can be quickly counteracted by protamine sulfate.

The choice of antiplatelet therapy or anticoagulation depends on the grade of 
BCVI, concomitant injuries, neurological symptoms, and the volume of infarcted 
territory at risk for hemorrhagic transformation (Table 3).

A study in 435 patients was treated with anticoagulation and 290 patients were 
treated with antiplatelet agents, Hanna et al. [20] resulted the hospital readmission 
rate (5.72 vs. 1.8%; p = 0.03), 6 months mortality rate (4.9 vs. 1.3%; p = 0.03) was 
significantly higher than in patients treated with antiplatelet agents when compared 
with those treated with anticoagulants. The similar result was manifested in the 
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Cervical Artery Dissection in Stroke Study (CADISS) trial, however the difference 
did not mark a statistical significance [21].

The benefits of endovascular for patients with BCVI remain controversial because 
of its complication, stent predominance, and the rate of stroke. The indication of 
endovascular therapy includes: patients with a contraindication to antithrombotic 
agents, lesions that worsen or become symptomatic despite antithrombotic therapy, 
and lesions not amenable to surgical therapy. The grade II and III injuries should be 
treated by endovascular to decrease the risk of embolism and rupture by develop-
ing flow into the pseudoaneurysm. Endovascular can be performed for the grade V 
patients that are not surgically accessible. Patients with vessel occlusion also is the 
candidate of endovascular therapy to keep away from recanalization and embolic.

A conclusion from a study of Burlew et al. [22] showed that the stroke rate in 
the stent group (8.7%) and no-stent group (0.06%) was significantly different 
(p = 0.04). The authors suggest that intravascular stents should be reserved for the 
rare patient with symptomatology or a markedly enlarging pseudoaneurysm.

Surgical therapy has a limitation in the treatment of BCVI. No data, to date, 
can confirm the advantages of surgical performance. Carotid ligation, revascu-
larization with direct, patch repair or bypass of the injured segment was recom-
mended. In particular, the perioperative risk of hemorrhage may make surgical 
the preferred over endovascular stent, which requires antiplatelet treatment. We 
introduce some algorithms in management of BCVI (Figures 2 and 3).

Figure 2. 
A flow-diagram summarizing for management of BCVI [8].
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7. Conclusion

BCVI is preventable cerebrovascular disorder by the application of screening 
recommendations, imaging modalities, and choosing a suitable repair therapy. CTA 
or DSA can be helpful to detect the morphology and location of the injuries. Early 
treatment of antithrombotic has been suggested to be both effective and safe, par-
ticularly in patient with minor and moderate injuries. The role of endovascular and 
surgical therapy remains controversial due to the lack of data.
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Figure 3. 
The Denver health medical Center BCVI screening guideline [9].
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