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Abstract
Purpose of the Review Present an overview of perioperative considerations specific to endoscopic skull base surgery necessary to
maximize successful outcomes.
Recent Findings The majority of perioperative considerations for endoscopic skull base surgery lack strong supporting evidence
and frequently have varied use or implementation amongst institutions. A notable exception comes from a recent randomized
controlled trial demonstrating the benefit of lumbar drainage in high-risk cerebrospinal fluid leaks.
Summary Skull base surgeons must consider a multitude of perioperative factors. While many components of perioperative
management are extrapolated from related fields such as endoscopic sinus surgery or open cranial base surgery, additional high-
quality studies are needed to delineate best practices specific to endoscopic skull base surgery.

Keywords Endoscopic . Skull base surgery . Perioperative . Antibiotics . Lumbar drain

Introduction

Over the past three decades, the management of patients with
anterior skull base disease has rapidly evolved. Advances in
endoscopic visualization and instrumentation have greatly ex-
panded the ablative and reconstructive potential of transnasal
approaches while concurrently minimizing morbidity and mor-
tality [1]. Although endoscopic skull base surgery has its origins
in pituitary and sellar pathology, it is now regularly employed in
a vast array of other disease processes. Complex skull base
tumors, once reserved exclusively for open craniofacial resec-
tion, are often routinely addressed via purely endoscopic tech-
niques. Furthermore, the variety of anatomical sites which are
accessible via transnasal approaches has vastly increased.
Approaches to the cavernous sinus, clivus, pterygopalatine

fossa, and petrous apex are well described in the literature with
excellent outcomes [2–5].

Although much success has been appreciated in the field of
endoscopic skull base surgery as a whole, there remains a need
for a high degree of fidelity in operative planning. By virtue of
its inherent anatomy, skull base surgery is an exceedingly
complex endeavor and requires a high level of familiarity
and knowledge of critical neurovascular structures in the cra-
niofacial skeleton. However, beyond the technical mastery
needed to achieve success, adequate and complete care of
patients hinges on several important factors. The purpose of
the present review is to highlight select perioperative consid-
erations to maximize success during endoscopic skull base
surgery and assess supporting evidence if available.

Preoperative Considerations

Establishment of a Skull Base Team

While more of a “big-picture” consideration, establishment of a
dedicated skull base team is an important component for any
institution seeking to manage the complexities of a skull base
patient. Multidisciplinary care is integral with otolaryngology
and neurosurgery typically playing central roles. Collaboration
with critical care, endocrinology, neuroradiology, interventional
radiology, ophthalmology, medical, and radiation oncology
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enables the most comprehensive management of these complex
patients and disorders. Learning curves for various procedures
and pathologies ranging from endoscopic pituitary surgery to
transclival resection of chordomas have been reported, and
while there is significant variation amongst the varied patholo-
gies or approaches, increased experience by a surgical team
routinely translates into improved outcomes and decreased
complications [6, 7].

Defining Goals of Surgery and Informed Consent

Recognizing and defining surgical goals prior to intervention
is critically important. Goals may vary based upon underlying
pathology, patient age/general health, as well as potential mor-
bidity. Evaluating the tumor anatomy is fundamental. Given
the relationship to vital structures, total resection is sometimes
not technically feasible, or surgical risks may outweigh the
benefits [8, 9]. For instance, in sellar-based neoplasms, tumors
that extend laterally beyond the cavernous sinus, superiorly
through the plane of the hypothalamus and floor of the third
ventricle, and/or those with retrosellar extension must be crit-
ically assessed given associations with increased morbidity
[10]. An exhaustive review of every subsite of the skull base
has been addressed in various other studies [11••, 12]. As a
general tenet, endoscopic approaches are ill-suited to pathol-
ogy that is deep to critical neurologic and vascular structures
(that would require transgressing), and alternative approaches
should be sought. Beyond anatomical constraints, the natural
biology of the tumor must also be considered. Notably for
malignant disease, tumor extent may be more significant than
appreciated based on imaging alone, and consideration of po-
tential perineural spread may alter the operative plan. In the
case of vascular tumors, subtotal resection may increase the
possibility of postoperative bleeding and edema leading to
mass effect [10]. Despite limitations, indications for proceed-
ing with endoscopic skull base surgery over open craniofacial
resection (CFR) continue to expand. Open CFR may be ad-
vocated for in select lesions; however, it is worth noting that in
the endoscopic era, complication rates for CFR may be higher
than historically stated numbers [13].

The potential impact on quality of life after any interven-
tion has become a major consideration in surgical planning
[15]. Joint decision-making between the physician and patient
has becomemore central in ultimately determining these goals
of surgery and is based on honest discussions regarding the
likelihood of success as well as potential risks and morbidities
of endoscopic skull base procedures. Given the close proxim-
ity of the surgical corridor to critical nerves and arteries, there
exists the potential for serious intraoperative injury leading to
significant debilitation and/or death. The overall risk for com-
plication following endoscopic skull base surgery is reported
to be 10–20%, with more common complications including

cerebrospinal fluid (CSF) leak, visual changes, and pituitary
dysregulation [14–19].

Risk Stratification

General preoperative risk stratification of the endoscopic skull
base patient follows common guidelines for other surgical
patients with regard to complete evaluation of their underlying
cardiopulmonary function and assessment of their major med-
ical comorbidities. Further delineation of a risk profile may
require specialty-specific consultation as dictated by patient
need (e.g., cardiology, pulmonary medicine). Several specific
considerations to endoscopic skull base surgery are detailed
below.

The complexity of surgery correlates with the potential for
complications and morbidity. Varying levels of difficulty of
endoscopic skull base surgery (ranging from basic sinus pro-
cedures to endonasal management of aneurysms) have been
previously described as they relate to surgical skill acquisition
in training [20]. This concept was recently validated by the
same group, demonstrating increased complications/
morbidity with progressively more challenging approaches
or lesions [21]. It is important that skull base teams are cog-
nizant of their level of experience and limitations and proceed
in an incremental fashion up the levels of complexity in order
to potentially optimize surgical outcomes.

Formal angiographymay be considered in select cases with
the potential to serve several different roles. First is a more
accurate delineation of tumor vascular supply with the poten-
tial for mitigation of subsequent operative hemorrhage via
transarterial or direct puncture embolization. While not neces-
sary in the majority of cases, the benefit for highly vascular
tumors such as juvenile nasopharyngeal angiofibromas has
been clearly demonstrated in multiple studies [22]. The sec-
ond notable role for angiography is in the assessment of ade-
quate intracranial collateral circulation. In cases where the
internal carotid artery is deemed to be at particularly high risk
(e.g., adjacent malignancy, prior radiation, revision surgery),
balloon occlusion testing can help to stratify those patients that
would be unlikely to tolerate carotid sacrifice and may push
either towards a more conservative resection or possibly vas-
cular bypass surgery in the setting of aggressive disease.
Angiography, tumor embolization, and balloon occlusion test-
ing carry an inherent level of risk and must be weighed against
the potential benefit on a case-by-case basis.

Revision procedures may be indicated to remove residual
disease, decompress neurovascular structures, or as a planned
second stage procedure. Individuals who have undergone pre-
vious endoscopic skull base procedures require special con-
sideration, as they may be at increased risk for complications
[23]. The basis for such complications may be related to
distorted anatomical landmarks, extensive scarring, and/or
limited reconstructive options.
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Intraoperative Considerations

While the approach and surgical technique tend to be the
major focus of the operating room, there are several important
peripheral considerations. Specific consideration of recon-
structive technique or materials, variations on approach, and
other surgery-specific variations is beyond this review and is
detailed elsewhere.

Operating Suite Design and Setup

The operating room is the heart of any skull base program. An
endoscopic suite which is designed with a two-surgeon team
in mind can optimize interaction between surgical assistants,
improve efficiency of instrument handoffs, and offer en-
hanced visualization for surgeons and observers. At the very
minimum, an endoscopic skull base room should include the
following: (1) an operating room table capable of being turned
180° away from the anesthetist and ventilator as well as pro-
viding adequate incline for reverse Trendelenberg positioning
to decrease bleeding, (2) at least one, though preferably two,
high-resolution endoscopic monitors, (3) stereotactic naviga-
tion, (4) one to two organized instrument tables, (5) and most
importantly, enough room to accommodate all of the preced-
ing in a comfortable manner. Figure 1 depicts an example
setup with both surgeons on the same side, though some
may find a preference for operating on opposite sides. While
ergonomics has been a topic of great interest in many surgical
subspecialties, optimization of surgeon comfort and efficacy
has been poorly studied in endoscopic skull base surgery and
would be of significant interest in future studies given the
often long and taxing nature of many skull base procedures.

Equipment

The very principle of endoscopic skull base surgery relies on
adequate and reliable visualization of the operative field. The
Hopkins rod telescope has been the workhorse of the field,
with numerous iterations and advances over the past decade,
including the introduction of ultra-high-resolution 4K, vari-
able angled lens, and three-dimensional capable endoscopes
[24]. Although advanced scopes can offer superior visualiza-
tion, they are not mandatory to proceed with skull base sur-
gery. All cases can be typically performed with basic 0°, 30°,
45°, and 70° endoscopes, and no studies have demonstrated
superior outcomes from any newer endoscope capabilities.
Access to specifically designed skull base instrumentation en-
ables more effective dissection, and in some cases, the ability
to access deeper areas that shorter common sinus instruments
lack the ability to reach. Endoscopically designed bipolar for-
ceps are frequently crucial for focal control of bleeding
vessels.

Stereotactic Navigation

Stereotactic navigation is frequently used during endoscopic
skull base surgery and allows for high-resolution and pano-
ramic visualization of the complex anatomy within the
sinonasal and intracranial cavities. Survey studies report that
more than 80% of skull base surgeons use stereotactic navi-
gation for every case performed [25]. Surgical tracking is
achieved through various means, including infrared and elec-
tromagnetic technologies, though no system has been shown
to be more accurate or superior than others [26]. While navi-
gation is commonly employed, no studies have demonstrated

Fig. 1 Typical operating room
setup for endoscopic skull base
cases. a otolaryngologist, b
neurosurgeon, c surgical
technician, d stereotactic
navigation tower, e high-
resolution endoscopic monitors, f
instrument tables, g Mayo stand,
h anesthesiologist and ventilator
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a definite benefit in terms of outcomes or complications [27].
One notable limitation of stereotactic navigation is that the
preoperative images may not correlate with intraoperative
changes [28].

Neurophysiological Monitoring

As previously mentioned, there is an inherent risk to critical
neurovascular structures including the carotid artery, anterior
cerebral arteries, and various cranial nerves. Injuries and their
neurological sequelae may be prevented by using neurophys-
iological monitoring. Various options include somatosensory
evoked potentials (SSEP), brainstem auditory evoked poten-
tials (BAEP), and electromyography (EMG), though the de-
cision to use monitoring depends largely on the procedure
being performed and the specific structures at risk.
Numerous studies have proven the efficacy of monitoring
during cranial base surgery, and routine use is strongly advo-
cated for complex and high-risk cases [29, 30].

Prophylactic Antibiotics

There exists no definitive preoperative antibiotic regimen for
endoscopic skull base cases. Antibiotic choice is largely dic-
tated by skull base team preferences and is widely variable. In
a survey of otolaryngologists who perform endoscopic skull
base surgery, Wannemuehler et al. assessed intraoperative an-
tibiotic preferences and found that the majority of respondents
utilized either a first-generation or third-generation cephalo-
sporin [31]. At our institution, cephalexin is typically used for
extradural cases while ceftriaxone is preferred for those cases
that extend intradurally. Despite wide variation in reported
protocols, the incidence of meningitis remains low. A system-
atic review of the topic found few published observational
studies that precluded meta-analysis and concluded that a
large randomized controlled study is necessary to identify
the role and optimal antibiotic choice [32].

Postoperative Considerations

General Considerations

Although much emphasis is placed on preoperative planning
and intraoperative techniques, the postoperative period for the
skull base patient is equally as critical. In order to maximize
the success of a skull base ablation and reconstruction, special
care must be taken to carefully monitor patients for critical
neurological changes and signs of insufficient repair. The im-
mediate postoperative period, particularly the first 24 h, is
extremely critical [33].

With the exception of straightforward CSF leak repairs and
relatively small lesions, postoperative patients should be

admitted for close monitoring in an intensive care unit
(ICU), or at the very least, a neurological step-down unit.
Routine neurological checks vary by institution, and nurse-
driven protocols at our institution are performed on an hourly
basis for the first 24–48 h. For pituitary pathologies, strict
recording of hourly intakes and outputs is performed to mon-
itor for development of diabetes insipidus and is supplement-
ed by serial laboratory chemistries [34]. With regard to
preventing undue pressure on skull base reconstructions, pa-
tients are generally kept with their head elevated at 30° or
higher. Additionally, sinonasal precautions are employed,
and patients are instructed to avoid nose blowing, sneeze with
their mouths open, restrict the use of straws, and refrain from
straining. Supplemental oxygen is provided via humidified
face tent as opposed to direct injection into the nasal cavity
with a pronged cannula in order to minimize the drying effect
on nasal mucosa as well as the theoretical risk of
pneumocephalus [35].

Postoperative Antibiotics

Variability exists in the use, type, and duration of postopera-
tive antibiotics. In a recent survey study, roughly 50% of sur-
geons did not employ the use of postoperative oral antibiotics
when no nasal packing was placed. When absorbable packing
was used, approximately 40% of surgeons prescribed oral
antibiotics for 7 days postoperatively. When non-absorbable
packing was placed, over 60% prescribed oral antibiotics until
packing removal [31]. Our current practice is congruent with
these findings, as we typically prescribe oral antibiotics only
when non-absorbable packing is placed and cease antibiotic
use upon packing removal. A recent systematic review eval-
uating the need for systemic antibiotic use with nasal packing
after sinus surgery found few studies adequately addressing
the issue. While no significant benefit (prevention of local
nasal infection or toxic shock syndrome) was identified with
antibiotic use, all studies evaluated were underpowered to
identify a difference [36].

Nasal Packing

The type of nasal packing and duration of use vary significant-
ly amongst surgeons. The overwhelming majority, close to
90%, will use some form of packing for intradural pathology
in order to buttress the skull base reconstruction [31]. Various
types may be used including absorbable or non-absorbable
subtypes. No particular one has been demonstrated to be more
efficacious. The duration of packing is also highly variable
and typically ranges from 5 to 7 days, though it is important
to note that the optimal duration of packing has not been
determined by any published studies. Our current institutional
practice is for 7 days of non-absorbable tampon sponge pack-
ing for any moderate dural defect. Pinhole leaks will typically
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be managed with 5 days of non-absorbable packing or use of
dissolvable packing in select cases. In the absence of any
intraoperative leak, postoperative packing is not utilized.

Lumbar Drain Use

CSF leaks are a known complication of endoscopic sinus and
skull base surgery. During sinus surgery, they are typically
iatrogenic in nature; however, in ablative endoscopic skull
base surgery, they are often an intentional consequence of
achieving adequate exposure for tumor resection. The overall
incidence of CSF rhinorrhea following expanded endonasal
surgery has generally been accepted to be around 5% [37].
Leaks may be classified as low-flow or high-flow, with the
latter referring to those leaks associated with a large dural
defect or violation of a cistern or ventricle [38]. With the
advent and increased use of vascularized pedicled flaps for
reconstruction, postoperative CSF leak rates have decreased.
Consequently, the routine use of lumbar drains in endoscopic
skull base surgery has fallen out of favor [39]. A prior meta-
analysis demonstrated overall poor quality of available data
and no significant benefit of postoperative lumbar drainage
[40]. However, a recent large randomized controlled trial dem-
onstrated that patients with a high-flow leak (as defined by a
dural defect greater than 1 cm, arachnoid dissection, and/or
entry into a cistern or ventricle) were 2.9 times more likely to
have a postoperative CSF leak if no lumbar drain was placed
immediately postoperatively [41••]. Our current practice has
evolved from the rare use of lumbar drains to more selective
use with very high-risk defects.

Postoperative Nasal Care Regimen

Specific postoperative nasal regimens vary widely and are in
large part determined by surgeon preference. The benefit of
nasal saline on reduced crusting and improved re-
mucosalization has been demonstrated by multiple random-
ized controlled trials following endoscopic sinus surgery and
extrapolated to the care of skull base patients [42]. Nasal sa-
line is essentially used by all surgeons, though the method of
application (saline spray vs. irrigations) and timing of initia-
tion (immediately vs. starting at 1/2/2+ weeks) varies signifi-
cantly and is affected by the extent of approach. Repeated
postoperative debridements until healing is complete are com-
monly performed by the majority of surgeons with the initial
limited nasal debridement typically occurring around
1.5 weeks postoperatively and initial skull base debridement
reserved until approximately 3 weeks postoperatively [31].
The benefit of regular debridement has been called into ques-
tion in the sinus surgery literature with conflicting reports as to
whether this practice positively impacts patient outcomes and
raises the question of the ultimate need for postoperative de-
bridements following endoscopic skull base cases [42].

Postoperative Imaging

The role of postoperative imaging is frequently debated. In
particular, best practices for timing and modality vary by in-
stitution and have not been clearly defined. The advocates for
early imaging, which is often conducted several hours
postprocedure, highlight benefits such as early detection of
life-threatening intracranial hemorrhage and/or tension
pneumocephalus [43]. At our own institution, we follow a
similar protocol, with a postoperative MRI or CT performed
within 24 h of surgery. Overall, the utility of early postopera-
tive scans depends on its ability to rule out catastrophic events
as well as establish a baseline following surgery which may
help to differentiate postsurgical changes from tumor recur-
rence on subsequent imaging. Additionally, evidence of resid-
ual disease may prompt re-resection for select pathology.

Obstructive Sleep Apnea and CPAP Use

Patients with obstructive sleep apnea (OSA) frequently require
continuous positive airway pressure (CPAP) for effective man-
agement of their disease. These patients pose a unique challenge
in postoperative management, especially in those with recon-
structed dural defects. Concerns for increased risk of
pneumocephalus, meningitis, and CSF leak have typically led
to delayed reinstitution of CPAP postoperatively. Unfortunately,
no definitive studies have identified the necessary required time
of non-use to minimize complications. Survey studies have
shown that most practicing skull base surgeons will hold
CPAP use for at least 2 weeks in the event of an intraoperative
leak and closer to 3 weeks for larger dural defects [25, 44].

Conclusion

A multidisciplinary skull base team represents the gold stan-
dard of care in patients with complex neurological disease.
Numerous perioperative factors require consideration for op-
timizing chances of a successful outcome. Unfortunately,
many of the considerations reviewed above lack strong
supporting data, and additional future research is required to
validate and determine their optimal use. Multi-institutional
trials may be required to adequately power the necessary stud-
ies capable of answering many of these lingering questions.
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