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Abstract Treatment goals following skull base surgery

have shifted over the last decade to improving functional

outcomes and quality of life. Given the intimacy of skull

base tumors to vital structures, the potential for morbidity,

functional impairments, and a decline in quality of life after

surgery is possible. The endoscopic endonasal approach

may have potential functional outcome and quality of life

benefits for select tumors and in select anatomic locations

of the skull base compared to open approaches. Disease-

specific quality of life instruments such as the Skull Base

Inventory and the Anterior Skull Base have been created to

compare quality of life between these approaches. Large

multi-centered prospective trials are needed to better study

the potential benefits of the endoscopic endonasal

approach.
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Introduction

Over the last few decades, treatment goals of skull base

surgery have changed, with a new emphasis on minimizing

morbidity and maximizing quality of life. The proximity of

these tumors to brain, cranial nerves, neurovascular

structures, the orbit, and the sinonasal cavity may result in

collateral damage by the tumor itself or by its treatment.

Deficits incurred can impact how the patient senses and

interacts with his/her environment, which in turn can have

a significant impact on quality of life. Improved diagnostic

imaging modalities, the use of image guidance systems,

targeted delivery of radiotherapy, and new surgical

approaches such as the endoscopic endonasal approach

may all have potential implications with regards to

improving quality of life.

The endoscopic endonasal approach has been labeled as

‘‘minimally invasive’’ with the implication that it is not

associated with the same morbidity profile as open

approaches. This may be true in certain instances. For

example, traditional facial disassembly approaches or lat-

eral transcranial approaches to the clivus have arguably

been supplanted by the endonasal approach. In other cases,

such as in the treatment of sinonasal malignancies, the

‘‘minimally invasive’’ description may be a misnomer and

perhaps a more appropriate adage would be ‘‘incision

sparing’’.

The morbidity following endoscopic endonasal surgery

likely represents a change in the morbidity profile from

traditional ‘‘open’’ transcranial or transfacial approaches

and not necessarily an exemption from morbidity. Propo-

nents of the endonasal approach contend that the lack of

brain retraction may result in improved neurocognitive

outcomes compared to open surgery. Detractors of the

approach suggest that it renders the nose functionally

crippled. Careful delineation of the relevant outcomes such

as nasal, neurological, and visual outcomes following

surgery and rigorous measurement of quality of life using

appropriate disease-specific or generic quality of life

instruments are needed to understand the full impact of

surgery.
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Nasal Outcomes

Interest in measuring nasal outcomes has spawned in the

advent of endoscopic endonasal approaches to the skull

base. Extensive dissection of anatomic modules to create

corridors for surgical access can impair normal nasal

physiology and mucociliary flow, resulting in significant

nasal crusting and alterations in olfaction. Although open

approaches likely have similar sequelae in the nose, these

outcomes have not been extensively studied in this popu-

lation, perhaps because of other clinically significant

morbidities incurred by open approaches.

The mucosal preserving philosophy of endoscopic sinus

surgery does not necessarily apply during endoscopic skull

base surgery. The surgical philosophy of adequate access and

the creation of surgical corridors trump mucosal preserva-

tion. As such, patients suffer from nasal crusting (98 %),

nasal discharge (46 %), loss or decreased smell (10 %), and

decreased nasal airflow (5 %) among other symptoms, as

shown in a prospective study [1•]. Consequently, the normal

nasal physiology and mucociliary flow is altered. Alobid

et al. [2] investigated the physiologic repercussions of en-

donasal surgery on mucociliary flow and found that patients

with endonasal approaches have prolonged saccharin transit

times, suggesting an impairment.

In general, the effects of endoscopic endonasal surgery

on sinonasal quality of life seem transient, with temporary

deterioration followed by significant improvements at

1 year after surgery [3]. Nasal crusting is particularly

troublesome shortly after surgery but gradually resolves.

We showed that 50 % of patients are crust-free at 101 days

after surgery [1•]. Patients who had more extensive dis-

sections had longer crusting times and those with septal

flaps had a trend to longer times, although not statistically

significant [1•, 3]. One strategy to reduce the crusting

associated with septal flaps is to harvest a mucosal graft

from the middle turbinate (which is usually resected for

access) and place it over the denuded septum [4]. The

decision to harvest a septal flap is typically made at the

beginning of the procedure. For transsellar procedures, it is

often unclear whether a septal flap is needed until later in

the case if, for example, a cerebrospinal fluid (CSF) leak is

identified. To avoid unnecessary septal flaps, some sur-

geons have adopted the use of a rescue flap whereby the

vascular pedicle of the posterior septal branch of the

sphenopalatine artery is preserved with its surrounding

mucosa from the choana to the sphenoid ostium. The flap is

only raised at the termination of the procedure if needed [5,

6]. Another option is to harvest the flap, store it in the

nasopharynx, and lay the flap back into its native position

on the septum if it is not needed. These methods may

reduce long-term crusting of the nasal septum, decrease

hospital visits for debridement, and improve the nasal

airway.

Patient-reported hyposmia or anosmia after surgery also

seems to follow the trend of a temporary decline followed

by a gradual improvement. Using a disease-specific quality

of life questionnaire, one group showed a reduction in

smell and taste at 6 weeks after endoscopic pituitary sur-

gery, with a gradual return to baseline at 1 year [7]. Similar

results were found with patients undergoing endoscopic

approaches for non-pituitary lesions. These results were

corroborated by Alobid et al. [2], who showed that patients

experienced a reduction in their sense of smell using the

Barcelona Smell Test (BAST-24). This loss of smell is

more pronounced in patients undergoing more expanded

approaches. However, in patients who have had endoscopic

transsphenoidal surgery with a middle turbinate sacrificing

approach, one group showed no difference in sense of

smell comparing patients pre- and post-operatively using

the University of Pennsylvania Smell Identification Test

(UPSIT), suggesting a need for further larger-scale study

[8•]. Choice of reconstructive methods also seems to

influence olfaction. The use of the nasoseptal flap has been

associated with poor smell and quality of life post-opera-

tively [9, 10•]. To help minimize the risk of hyposmia

following nasoseptal flap harvest, our practice is to leave a

cuff of at least 1 cm of mucosa along the superior septum

to prevent damage to the olfactory mucosa.

There is a relative dearth of literature pertaining to

sinonasal outcomes for open skull base approaches. How-

ever, studies do suggest that both anosmia and nasal

crusting are also a significant problem in this patient pop-

ulation, with roughly two-thirds of patients suffering from

both deficits [11]. In one study of patients who had facial

translocation approaches for skull base tumors, the most

common problems were nasal congestion and crusting [12].

However, these problems were outweighed by other com-

plications, such as plate exposures and palatal fistulas,

again emphasizing the difference in morbidity profiles

between open and endoscopic approaches.

Neurologic Outcomes

Perhaps the biggest purported advantage of endoscopic

approaches is the avoidance of significant brain retraction.

Kassam et al. [13•] reported their experience for 800

patients who underwent endoscopic endonasal approaches

and found 1.8 % had neural injury, including 4 cases

(0.5 %) of hemiparesis, and 6 cases (0.8 %) of transient

and 4 cases (0.5 %) of permanent cranial neuropathy. In a

follow-up study reporting outcomes for 1,000 patients, the

same group reported a rate of meningitis of 1.8 % and a
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CSF leak rate of 14 % [14•]. In a multivariable analysis,

risk factors for development of infection included male sex,

history of previous surgery (transcranial or endonasal),

more complex surgeries (intradural), the presence of

external ventricular drain or ventriculo-peritoneal shunt at

the time of surgery, or post-operative CSF leaks. CSF leaks

were present in 13 of 18 patients who developed menin-

gitis. Avoiding these leaks with sound reconstructions is

paramount in avoiding the neurologic sequalae associated

with intracranial infections.

Patients with skull base tumors treated with open anterior

craniofacial resections seem to have similar meningitis and

CSF leak rates. Two prior studies with open approaches

report meningitis rates between 2 and 4.8 % [15, 16]. Sim-

ilarly, CSF leak rates after open approaches are comparable

to endoscopic series. Leak rates of the anterior cranial base

have been reported between 13 and 29 % [17, 18], although

one study reported a dramatic decrease in leak rate to 5 %

with the use of free tissue transfer [19]. In a large interna-

tional collaborative study of 1,193 patients who had tradi-

tional open approaches with anterior craniofacial resectons,

16.2 % had CNS-related complications [20].

Tumor location likely also influences the development of

neurologic sequelae. For example, clival tumors are readily

accessible with endoscopic techniques, whereas approach-

ing these lesions with open techniques often requires sig-

nificant brain retraction and manipulation or circumventing

important neurovascular structures. A recent study com-

paring outcomes from the same institution showed that 6 %

of patients with clival chordomas had worsening neurologic

status (hemiparesis) after undergoing endoscopic approa-

ches compared to 33 % after open approaches (hemiparesis,

brainstem compression, cranial neuropathies) [21]. This

variability in outcomes by tumor location represents a

challenge in comparing surgical approaches.

Visual Outcomes

Many patients with skull base pathology will have visual

deterioration as a presenting complaint. Our group com-

pared outcomes of those undergoing endoscopic and open

approaches in 138 patients, and patients with endoscopic

approaches have significantly fewer visual complaints post-

operatively in comparison to those with open approaches

[22]. This is likely due to a selection bias of patients with

pre-operative visual symptoms and orbital invasion

requiring open approaches. However, even after adjusting

for confounders such as tumor extent and pre-operative

symptoms, open approaches were still associated with

more post-operative visual symptoms. Kassam et al. [13•]

noted only 4 cases of visual deterioration (0.5 %) from

their first 800 cases and 7 cases of delayed visual

deterioration all of which resolved after the etiologic pro-

cess was addressed. Orbital complications following open

craniofacial resection, on the other hand, were reported in

1.7 % of patients of 1,193 patients [20].

Much like other outcomes in skull base surgery dis-

cussed earlier, visual outcomes are dependent on tumor

location and histopathology. Tumors of the tuberculum

sella, for example, are likely to present with visual com-

promise given their proximity to the optic canal, and tumor

dissection can further compromise vision. Gardner et al.

[23] summarized their experience with 35 meningiomas

including 13 tuberculum meningiomas and found no

patients with visual deterioration using the endoscopic

approach. Differences in outcomes between open and

endoscopic approaches are difficult to discern given the

relatively small series. One study using a lateral supraor-

bital approach showed visual deterioration in 7 of 42

patients (17 %) [24]. Using a subfrontal approach, rea-

sonably good visual outcomes can be obtained, with one

study showing that only 4.2 % of patients had visual

deterioration [25]. A large systematic review, however,

showed no difference in visual outcomes for olfactory and

tuberculum meningiomas despite improvements in gross

total resection rates and reduced CSF leaks in patients with

open approaches [26].

Quality of Life

The World Health Organization defined quality of life as

an individual’s perception of their position in life in

the context of the culture and value systems in which

they live and in relation to their goals, standards and

concerns. It is a broad ranging concept affected in a

complex way by the person’s physical health, psy-

chosocial state, level of independence, social rela-

tionships, and their relationships to salient features of

their environment [27].

This abstract concept can be difficult to quantify. Some

challenges in measuring quality of life in skull base surgery

include

• The multitude of domains (both physical and non-

physical) of quality of life affected by skull base tumors

• The heterogeneity of histopathology of the skull base,

each of which has vastly different consequences on

quality of life

• The scarcity of pathology necessitates collaborative

efforts to ensure sufficiently large sample sizes

Because of these unique challenges in measuring health-

related quality of life for skull base surgery, a unique
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instrument must be utilized with a disease-specific focus. A

generic instrument such as the SF-36 may be useful in

comparing quality of life of patients with skull base tumors to

another unrelated disease, but this instrument has limitations

comparing similar disease processes. Consider, for example,

two hypothetical patients treated with an endoscopic

approach, one with a pituitary adenoma and the other with a

clival chordoma. Assume post-operatively that they are both

able to ambulate and perform activities of daily living, but

the first has no deficits while the second is left with diplopia

and facial numbness. With general questions about ambu-

lation and activities of daily living, a generic instrument like

the SF-36 may not be sensitive to these changes. Capturing

disease-specific domains is imperative in fully measuring

disease-specific quality of life.

Skull Base QOL Instruments

A recent systematic review identified nine quality of life

instruments germane to skull base surgery [28]. Of these

instruments, seven related to sellar pathology and two

were applicable to all skull base pathologies. Of the latter,

one contained four items and did not undergo any form of

psychometric testing [11]. The other, the Anterior Skull

Base (ASB) Questionnaire [29], was developed using

input from patients undergoing open skull base surgery,

but has since been applied to patients undergoing endo-

scopic approaches [30]. This 35-item instrument has six

domains, with one physical domain containing seven

disease-specific items (appetite, taste, smell, appearance,

nasal secretions, tears, eyesight). Because of the broad

range of symptomatology experienced by patients with

skull base pathology, the multitude of domains affected

by skull base surgery, and the need for an instrument with

content validity for patients undergoing endoscopic

approaches, our group developed the Skull Base Inventory

(SBI) [31••]. This instrument is a 41-item quality of life

questionnaire generated using a composite approach of

focus groups of patients who have undergone either open

or endoscopic approaches, systematic review of existing

instruments, and retrospective review of outcomes of 138

patients with skull base pathology. The instrument is

disease-specific to skull base pathology and contains five

physical sub-domains of items relating to endocrine,

nasal, neurological, visual, and general physical function.

A cognitive domain in the instrument captures cognitive

changes experienced by patients. We used this compre-

hensive approach for domain and item generation to

ensure the instrument had both face and content validity;

however, the instrument is currently undergoing psycho-

metric evaluation in cross-sectional and multi-institutional

prospective studies.

The Anterior Skull Base Nasal Inventory-12 (ASK

Nasal-12) was developed to evaluate nasal complaints

following endoscopic skull base surgery [32••]. Internal

consistency, test–retest reliability, concurrent validity, and

discriminant validity have all been established in a cohort

of 104 patients. The instrument is unidimensional and it

targets a specific population—those undergoing endonasal

endoscopic surgery. Other authors have used the Sinonasal

Outcome Test (SNOT-22) to measure sinonasal morbidity

following endoscopic skull base surgery [3, 8•, 33],

although it was originally intended for patients with

chronic rhinosinusitis. Table 1 summarizes all relevant

questionnaires for skull base surgery.

Quality of Life—Endoscopic Skull Base Surgery

The use of endoscopic endonasal approaches has provided

surgeons with a new approach to skull base tumors, and for

certain tumors and certain anatomic locations, offers a

superior approach by minimizing brain retraction, and

potential injury to vital structures. Patients undergoing

endoscopic approaches seem to have a temporary decline

in their quality of life followed by a return to baseline as

soon as 3 months following surgery [3, 10•]. A recent

cross-sectional study of patients who were at least

6 months after endoscopic skull base surgery showed that

patients experienced an improvement in physical function,

but a reduction in other domains (performance, vitality,

pain, emotions, specific symptoms) [30]. Interestingly, the

location of the tumor (cribiform, planum, sella, clivus,

maxilla) did not seem to affect quality of life, but simpler,

less expanded approaches such as the transsellar approach

was associated with improved quality of life. Unlike in

patients who have open surgery, radiotherapy, malignancy,

recurrent operations, and comorbidity did not seem to be

associated with poorer QOL. However, this was a small

cross-sectional study with potential for recall bias.

Quality of Life—Open Skull Base Surgery

In patients undergoing open approaches, Gil et al. [41]

showed that 37 % have an improvement in their overall

quality of life, while 37 % have no change, and 26 %

experienced a deterioration following open subfrontal

approaches for ASB pathology. In the same study, using

the ASB tool, the authors demonstrated that the presence of

a malignant diagnosis, radiotherapy, old age, comorbidity,

and wide resection all significantly lowered quality of life.

Similar to patients undergoing endoscopic approaches,

there seems to be a relative decline in quality of life fol-

lowed by a gradual improvement up to 6 months to a year
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after surgery [41, 42••]. These disturbances in quality of

life are mainly disease-specific [11].

Quality of Life Comparisons by Approach

To date there is no prospective quality of life comparison

between open and endoscopic approaches. Using the ASB

instrument, Abergel et al. [43••] compared patients under-

going the two approaches and showed that patients

undergoing an endoscopic approach had better domain

scores in physical function and impact on emotions

domains. Comparisons of these groups is difficult as the

questionnaires were administered at variable time points

after surgery in a cross-sectional fashion, and there was

significant heterogeneity between the groups with regards

to histopathology, radiotherapy, and comorbidities. In

comparing physical symptoms by approach, our group

demonstrated that patients undergoing endoscopic approa-

ches had a different morbidity profile than those undergo-

ing open approaches [22]. Trends were shown for

improvement in visual, neurologic, and endocrine symp-

toms with worsening nasal symptoms using the endoscopic

approach. Future prospective multi-institutional studies are

needed to help better understand the quality of life differ-

ences between surgical approaches.

Table 1 Quality of life instruments for skull base tumors

Instrument Target population Domains Items Mode of

administration

Reliability and validity

Disease-specific quality of life (Anterior Skull Base)

SBI [31••] Anterior and

Central Skull

Base

11 Endocrine nasal neurologic

visual general cognitive

emotional family financial

social spiritual (6 disease-

specific)

41 (26

disease-

specific)

Self Face and content validity for

open and endoscopic

(ongoing studies for further

reliability, validity)

ASB [29] Anterior Skull

Base

6 Performance, physical

function, vitality, pain,

emotions, specific symptoms

(1 disease-specific)

35 (7

disease-

specific)

Interviewer Both established for open skull

base (preliminary reliability

for endoscopic)

MDS [11] Anterior Skull

Base

1 4 (4

disease-

specific)

Self Not established

Disease-specific (sinonasal)

ASB-Nasal 12 [32••] Anterior Skull

Base

1 (Nasal) 12 Self Yes (for endoscopic patients)

Disease-specific quality of life (sellar pathology)

AcroQOL [34] Acromegaly 3 Physical, psychological

appearance, psychological

relations

22 Self Yes (only for acromegaly)

QLS-H [35] Growth hormone

deficiency/

hypopituitary

2 Physical, emotional 9 Unclear Yes (only for growth hormone

and hypopituitary)

Pituitary adenoma [36] Pituitary

adenomas

5 General health, emotional,

social, family health,

physician relations

54 Self Yes (only for pituitary

adenoma)

Addisons [37] Addison’s disease 2 Physical, emotional 36 Unclear Yes (for Addison’s)

QOL-AGHDA [38] Growth homone

deficiency

n/a 25 Self Yes (for growth hormone

deficiency)

HDQOL [39] Hypopituitary 20 Work, family, social, sex,

appearance, self-confidence,

physical, leisure, travel,

motivation, spiritual, society,

future worries, finances,

dependence, fussing, living

conditions, diet

20 Self Yes (for hypopituitary)

Cushing [40] Cushing’s disease n/a 12 Self Yes (for Cushing’s disease)
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Conclusion

Maintaining quality of life for patients undergoing skull

base surgery is an important treatment goal sometimes

limited by the extent of disease and other factors. To date,

it is not entirely clear if newer surgical approaches such as

the endoscopic endonasal approach offer superior out-

comes to existing open approaches. Challenges exist with

regards to how to best measure and compare outcomes.

New quality of life instruments are available to help better

answer questions in future prospective studies.
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