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Skull base lesions comprise a range of pathologies 
of neural, mesenchymal, notochordal, vascular, and, 
sometimes, epithelial origin. Such lesions are rela-

tively rare in children and are mostly benign.40 However, 
benign tumors can grow to exert mass effect and cause 

significant morbidity.4 In many of these cases, excision 
is mandatory for their management. Additionally, skull 
base trauma may result in rhinorrhea requiring surgical 
repair. Pathology and trauma to the anterior cranial base 
have historically been approached via craniofacial resec-
tions. Although variations on this technique exist, most 
invariably involve a craniotomy, a transfacial approach, 
or a combined craniofacial approach.26,41,60,61 Deep le-
sions may require brain retraction, heightening the risk of 
frontal lobe edema, infection, pneumocephalus, and other 
complications.24,26 These approaches in children pose at 
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Object. The use of endoscopic endonasal surgery (EES) for skull base pathologies in the pediatric population 
presents unique challenges and has not been well described. The authors reviewed their experience with endoscopic 
endonasal approaches in pediatric skull base surgery to assess surgical outcomes and complications in the context of 
presenting patient demographics and pathologies.

Methods. A retrospective review of 133 pediatric patients who underwent EES at our institution from July 1999 
to May 2011 was performed.

Results. A total of 171 EESs were performed for skull base tumors in 112 patients and bony lesions in 21. Eighty-
five patients (63.9%) were male, and the mean age at the time of surgery was 12.7 years (range 2.3–18.0 years). Skull 
base tumors included angiofibromas (n = 24), craniopharyngiomas (n = 16), Rathke cleft cysts (n = 12), pituitary 
adenomas (n = 11), chordomas/chondrosarcomas (n = 10), dermoid/epidermoid tumors (n = 9), and 30 other patholo-
gies. In total, 19 tumors were malignant (17.0%). Among patients with follow-up data, gross-total resection was 
achieved in 16 cases of angiofibromas (76.2%), 9 of craniopharyngiomas (56.2%), 8 of Rathke cleft cysts (72.7%), 
7 of pituitary adenomas (70%), 5 of chordomas/chondrosarcomas (50%), 6 of dermoid/epidermoid tumors (85.7%), 
and 9 cases of other pathologies (31%). Fourteen patients received adjuvant radiotherapy, and 5 received chemo-
therapy. Sixteen patients (15.4%) showed tumor recurrence and underwent reoperation. Bony abnormalities included 
skull base defects (n = 12), basilar invagination (n = 4), optic nerve compression (n = 3) and trauma (n = 2); preexist-
ing neurological dysfunction resolved in 12 patients (57.1%), improved in 7 (33.3%), and remained unchanged in 
2 (9.5%). Overall, complications included CSF leak in 14 cases (10.5%), meningitis in 5 (3.8%), transient diabetes 
insipidus in 8 patients (6.0%), and permanent diabetes insipidus in 12 (9.0%). Five patients (3.8%) had transient and 
3 (2.3%) had permanent cranial nerve palsies. The mean follow-up time was 22.7 months (range 1–122 months); 5 
patients were lost to follow-up.

Conclusions. Endoscopic endonasal surgery has proved to be a safe and feasible approach for the management 
of a variety of pediatric skull base pathologies. When appropriately indicated, EES may achieve optimal outcomes 
in the pediatric population.
(http://thejns.org/doi/abs/10.3171/2012.10.PEDS12160)
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least one more significant concern: they may damage 
growth centers in the craniofacial skeleton, later resulting 
in facial asymmetry.13,52

The EEA has provided a minimally invasive alter-
native to conventional approaches to the anterior skull 
base.6,35,55 Expansion of EES has extended its spectrum 
of indications and has enabled surgical access not only to 
clival, sellar, and parasellar lesions, but also to suprasel-
lar pathologies, without brain retraction.7,11,12,15,34,37,40 Fur-
thermore, since many childhood skull base lesions occur 
in the midline, EES is particularly advantageous, provid-
ing direct access without neural or vascular manipula-
tion with optimal visualization provided by the rod lens 
endoscope.8,36 However, unique challenges to the imple-
mentation of EES in the pediatric population are well ap-
preciated: small working spaces, a smaller basicranium, 
and often, especially in younger children, incompletely 
pneumatized air sinuses.4,39,40 Therefore, despite a grow-
ing body of literature describing the feasibility of EES 
in the adult population, the safety and efficacy of its ap-
plicability to the treatment of pediatric skull base lesions 
have not been well documented.4,40,67 In this report, we 
review our experience with EES in 133 pediatric patients 
and discuss outcomes and complications. To our knowl-
edge, this is the largest series of EEAs in pediatric skull 
base surgery.

Methods
Patient Population

Following institutional review board approval, we 
performed a retrospective chart and imaging review of 
pediatric patients who underwent endoscopic endonasal 
skull base surgery at the University of Pittsburgh Medi-
cal Center between July 1999 and May 2011. During this 
time period 133 patients were identified, and their data 
were studied.

Study Measures
Operative notes and office notes were used to col-

lect data pertaining to patient demographics, clinical 
presentation, surgical details, and outcomes. Computed 
tomography scans and MRI sequences were used to col-
lect lesion characteristics such as location and dural inva-
sion. Gross-total resection was defined as the absence of 
residual tumor on postoperative MRI.
Statistical Analyses

The patient demographics, lesion characteristics, sur-
gical approaches, and outcomes were analyzed using de-
scriptive statistics. Early and late complication rates were 
compared using the chi-square and Student t-tests. A p 
value < 0.050 was considered statistically significant. Data 
were collected using Microsoft Excel 2010 (Microsoft 
Corp.) and analyzed using SPSS (version 19.0, SPSS, Inc.).

Results
Patient Population

As shown in Table 1, the mean patient age at the time 
of surgery was 12.7 years (median 14.2 years, range 2–18 

years). Eighty-five (63.9%) of the 133 patients were male. 
Skull base lesions were broadly classified as either bony 
abnormalities (n = 21) or skull base tumors (n = 112), dis-
cussed in greater detail later. Most tumors were benign 
(93 [83.0%]). Fifty-three tumors (47.3%) were solely extra-
dural, and 59 (52.7%) were either intradural or extended 
intradurally. The postoperative clinical follow-up duration 
ranged from 1 to 122 months and was available for 128 
(96.2%) of the 133 patients. Nine patients (6.8%) were lost 
to radiological follow-up and 5 (3.8%) to clinical follow-up.

Pathological Entity
Table 2 summarizes the most frequent presenting 

symptoms of patients with skull base tumors. Although 
headaches were prominent, occurring in 48.2% of 112 
patients with tumors, they were relatively nonspecific to 
tumor type and therefore were limited in diagnostic util-
ity. Others symptoms such as epistaxis, occurring in 9 
(37.5%) of 24 patients with angiofibromas, are more il-
luminative of underlying pathology. Craniopharyngiomas 
are similarly associated with endocrinological and visual 
deficits, and chordomas are associated with CN palsies. 
We extended the latter group to include a single patient 
who presented with a chondrosarcoma. Finally, tumors 
in 30 patients were very heterogeneous and were broadly 
categorized as “other pathologies.” These included rare 

TABLE 1: Presenting patient demographics and radiological 
findings*

Characteristic Value

total no. of patients 133
 males 85 (63.9)
 female 48 (36.1)
age at surgery (yrs)
 mean 12.7
 range 2.3–18.0
no. of patients w/ skull base tumors† 112
 benign 93 (83.0)
 malignant 19 (17.0)
 primary 103 (92.0)
 recurrent 9 (8.0)
prior treatment 23 (20.5)
 surgical 12 (10.7)
 medical 11 (9.8)
location
 extradural 53 (47.3)
 intradural/intradural extension 59 (52.7)
bony abnormality‡ 21
 recurrent lesion 1 (4.8)
 previous op 4 (19.0)

* Values are presented as the number of patients (%) unless otherwise 
noted.
† Percentages in the categories below are based on 112 patients.
‡ Percentages in the categories below are based on 21 patients.
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pathologies such as orbital meningioma, pituitary carci-
noma, germinoma, and inverted papilloma.

Bony abnormalities were further classified as shown 
in Table 3. Cerebrospinal fluid leaks, encephaloceles, 
and meningoencephaloceles often have similar clinical 
manifestations, including nasal congestion or repeated 
episodes of meningitis; for this reason they were grouped 
together as skull base defects. Four patients with Chiari 
malformations Type I underwent odontoid resections for 
basilar invagination; dysphagia was a common presenta-
tion among this group. Lastly, 5 patients presented with 
visual impairment: 3 had frank optic nerve or chiasmatic 
compression due to a shallow sella and were classified 
as such, while the remaining 2 had suffered trauma that 
caused impairment of the optic apparatus.

Endoscopic Endonasal Approaches and Reconstruction 
Techniques

All 133 pediatric skull base lesions were treated with 
a total of 171 EES procedures, detailed in Table 4. Sur-

gery in 10 (7.5%) of 133 patients used 12 combined ap-
proaches (7.0%), defined here as any procedure simulta-
neously utilizing both an EEA and an open craniotomy. 
In an additional 5 patients, a Caldwell-Luc maxillary 
antrostomy was performed to facilitate the EES. Of 159 
EESs (93.0%), 67 (39.2%) involved more than one EEA. 
These approaches were further classified as transnasal, 
coronal, or sagittal, and approaches within each subtype 
are listed in Table 4.

The transnasal approach is used for purely intranasal 
tumors and refers to approaches that may involve a sphe-
noidotomy and an ethmoidectomy but no manipulation of 
the sellar floor. In all, 18 EEAs (10.5%) were transnasal. 
Coronal plane and sagittal plane approaches have previ-
ously been described by our group and refer to approaches 
that create corridors along the planes of their namesakes.35 
Finally, 17 (12.8%) of 133 patients presented with large tu-
mors that were resected in staged fashion, for a total of 
43 surgeries. Pituitary transposition was necessary in 5 pa-
tients (3.8%), 3 of whom presented with chordomas.

TABLE 2: Summary of the major presenting symptoms of patients with skull base tumors

No. of Patients (%)

Presenting Symptom
Angiofibroma 

(n = 24)
Craniopharyngioma 

(n = 16)
RCC  

(n = 12)

Pituitary 
Adenoma 
(n = 11)

Chordoma/ 
Chondrosarcoma 

(n = 10)

Dermoid/ 
Epidermoid 

(n = 9)

Other 
Pathologies 

(n = 30)
Total  

(n = 112)

headache 5 (20.8) 12 (75.0) 12 (100) 6 (54.5) 5 (50.0) 1 (11.1) 13 (43.3) 54 (48.2)
visual impairment 0 6 (37.5) 2 (16.7) 3 (27.3) 1 (10.0) 1 (11.1) 9 (30.0) 22 (19.6)
endocrinological deficit 0 8 (50.0) 4 (33.3) 7 (63.6) 0 0 3 (10.0) 22 (19.6)
nasal fullness/obstruction 9 (37.5) 0 0 0 1 (10.0) 2 (22.2) 5 (16.7) 17 (15.2)
nausea/vomiting 1 (4.2) 5 (31.2) 2 (16.7) 0 1 (10.0) 0 4 (13.3) 13 (11.6)
epistaxis 9 (37.5) 1 (6.2) 0 0 0 0 1 (3.3) 11 (9.8)
CN deficit 0 1 (6.2) 0 0 7 (70.0) 0 3 (10.0) 11 (9.8)
diabetes insipidus 0 3 (18.8) 0 0 0 0 2 (6.7) 5 (4.5)
nasal pit/nasal swelling 0 0 0 0 0 5 (55.6) 0 5 (4.5)
bitemporal hemianopia 0 3 (18.8) 0 0 0 1 (11.1) 0 4 (3.6)
hydrocephalus 0 3 (18.8) 0 0 0 0 1 (3.3) 4 (3.6)

TABLE 3: Major presenting clinical manifestations of bony abnormalities

Bone Abnormality Deficit/Symptom
No. of Patients (%)

Lesion* Total
skull base defect (n = 12) meningitis 2 (16.7) 2 (9.5)

spontaneous CSF leak 3 (25.0) 3 (14.3)
basilar invagination (n = 4) dysphagia 2 (50.0) 2 (9.5)

Chiari malformation 4 (100) 4 (19.0)
syrinx 2 (50.0) 2 (9.5)

CN II compression (n = 3) temporal hemianopia 3 (100) 3 (14.3)
 bitemporal 2 (66.7) 2 (9.5)
 right temporal 1 (33.3) 1 (4.8)

trauma (n = 2) optic apparatus impairment 2 (100) 2 (9.5)
total 21

* Percentages are based on the number of lesions per category (skull base defect, basilar invagination, CN II compression, or 
trauma).
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Table 5 presents a brief summary of the reconstructive 
techniques used. In the most recent years of our practice, 
skull base defects are routinely closed with a vascularized 
nasoseptal flap (n = 55 [41.4%]). A pericranial flap was 
used in 1 patient, while 10 other defects (7.5%) were re-
paired with free mucosal grafts. In total, 64 intraoperative 
CSF leaks were noted; this corresponds to 59 procedures 
involving violation of the arachnoid (intradural lesions, 
or lesions with intradural extensions) and 5 others among 
those with purely extradural lesions. A lumbar drain was 
placed to manage the CSF leak in 25 patients (18.8%). Oth-
ers were surgically repaired following exploration.

Complications
Table 6 is a compilation of all complications arising 

during surgery or detected by the time of discharge, as 
well as those that were recognized during patient follow-
up visits, classified by pathological group (skull base tu-
mor or bony abnormality). We recognize that time-to-dis-
charge is a variable measure; however, all patients were 
discharged within 2 weeks of the EES. Diabetes insipidus 
was among the most frequent complication (n = 20), but 
only 12 (60%) of these 20 cases became permanent. Oth-
er complications included infections; there were 5 menin-
geal and 8 sinus infections and 3 abscesses noticed during 
follow-up visits. Except for 1 patient who underwent sur-

gery for a bony abnormality who developed postoperative 
sinusitis, all infections arose in unique patients with skull 
base tumors. Abscesses were surgically drained; other in-
fections were medically managed.

Specific complications are often associated with var-
ious tumor characteristics such as location or vascular-
ity. For this reason, rates of all complications that arose 
with EES treatment of tumors are presented in Table 7. 
Angiofibromas and craniopharyngiomas were found to 
be associated with the highest rates of postoperative com-
plication. These 2 pathological entities accounted for 12 
of 20 cases of diabetes insipidus, 5 of 8 CN palsies, and 7 
of all infections.

Outcomes
Nine patients were lost to radiographic follow-up and 

5 to clinical follow-up. The outcome of EES on the main 
presenting symptoms or deficits of all patients who un-
derwent follow-up is shown in Table 8. The majority of 
patients with both bony abnormalities and skull base tu-
mors experienced a return to normalcy (73 [57.0%]) or a 
significant improvement in impairment (39 [30.5%]). The 
conditions of all remaining patients were unchanged from 
prior to surgery. Of 128 patients with available clinical 
follow-up data, no patient experienced post-EES worsen-
ing of presenting neurological symptoms.

Most tumors (60 [57.7%]) were treated with total resec-
tion (Figs. 1 and 2), and near-total resection was achieved 
in an additional 29 patients (27.9%), as seen in Table 9. 
Only 19 patients with residual and/or malignant tumors re-
ceived adjuvant therapy, 14 (13.5%) received radiotherapy, 
and 5 (4.8%) received chemotherapy. At a mean follow-up 
of 22.7 months, 16 recurrences were identified, 12 of which 
were treated through additional EES.

Discussion
Skull base pathologies in the pediatric population are 

rare, but when they occur they merit skilled management 
to avoid significant morbidity. Various reports have dis-
cussed anatomical and practical limitations to the trans-
fer of conventional skull base surgical modalities from 
the adult population to children, consensually citing de-
velopmental craniofacial asymmetry as a primary con-
cern.4,40,49,67 In contrast, the improved techniques of en-
doscopic endonasal skull base surgery and intraoperative 
image guidance have provided promising, novel, mini-
mally invasive approaches to various pathologies of the 

TABLE 4: Summary of all EEAs

Measure
No. of Procedures 

(%) (n = 171)*
No. of Patients  
(%) (n = 133)

procedure categories
 EES only 159 (93.0) 123 (92.5)
  single EEA 92 (53.8) 76 (57.1)
  multiple EEAs 67 (39.2) 47 (35.3)
  combined approaches 12 (7.0) 10 (7.5)
EEAs
 transnasal 18 (10.5) 12 (9.0)
 sagittal plane
  transsellar 54 (31.6) 51 (38.3)
  transclival 40 (23.4) 37 (27.8)
  transplanum 29 (17.0) 29 (21.8)
  transcribriform 13 (7.6) 13 (9.8)
  transodontoid 5 (2.9) 5 (3.8)
  transfrontal 1 (0.6) 1 (0.8)
 coronal plane
  transpterygoid 38 (22.2) 30 (22.6)
  transmaxillary 11 (6.4) 11 (8.3)
  transorbital 4 (2.3) 3 (2.3)
  transpetrous 4 (2.3) 4 (3.0)
staged operation† 43 (25.1) 17 (12.8)
 EES only 34 (79.1) 11 (64.7)
 EES+other 9 (20.9) 6 (35.3)

* This total includes EES procedures used to treat postoperative recur-
rences. Each stage is considered individually as a procedure.
† Percentages are based on the number of staged operations.

TABLE 5: Reconstructive techniques used in EESs

Measure No. of Patients (%) (n = 133) 

reconstruction
 vascularized nasoseptal flap 55 (41.4)
 vascularized pericranial flap 1 (0.8)
 free mucosal graft 10 (7.5)
 autologous fat graft 14 (10.5)
 intranasal balloon 19 (14.3)
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anterior, middle, and posterior skull base.37,38,65 Although 
recent studies have underscored the safety and efficacy 
of endoscopic endonasal skull base surgery in adults, 
the literature on outcomes and complications after EES 
in children is scant and lacking, prompting the present 
analysis.35 This report describes an evaluation of our ex-
perience with treating a variety of skull base tumors and 
bony abnormalities in 133 pediatric patients using EEAs.
Limitations

At the outset, it is important to understand key lim-
itations of our study. To our knowledge, this review of 
EES in the pediatric population represents the largest 
study sample to date. Analyses of the safety and efficacy 
of EES in children have been limited to a few case reports 
and case series of small study samples, which cannot reli-
ably generate statistical power. Most studies of pathologi-
cally homogeneous groups have either been of exclusively 
adult cohorts or of adults and children lumped together. 

Thus, comparisons that we wished to make between our 
measures, such as for rate of complications and those es-
tablished in the literature, were forced to be made with 
studies based on the adult population or on all patients 
considered as a whole—children and adults. We recog-
nize that this is not ideal, but until a robust body of litera-
ture is built for our population of interest (children), this 
is the best comparison available.

Another important limitation of this study is the het-
erogeneity of pathologies and surgical procedures. Sweep-
ing statements about all pathologies considered together do 
not shed much light on the efficacy of EES for individual 
pathological entities. On the other hand, understanding the 
efficacy and limitations of EES in a population is not possi-
ble without simultaneously considering all pathologies. For 
this reason, we have made attempts to generalize where 
possible, but also to delineate specifics when deemed nec-
essary. Lastly, this study is a retrospective analysis of all 
EESs performed in pediatric patients. The lack of con-

TABLE 6: Summary of early and late complications after pediatric endoscopic endonasal approaches*

No. of Patients (%)
Complication Category Bony Abnormality (n = 21) Skull Base Tumor (n = 112) Total (n = 133)

CSF/ICP
 CSF leak 0 14 (12.5) 14 (10.5)
 hydrocephalus 2 (9.5) 4 (3.6) 6 (4.5)
 headache 4 (19.0) 22 (19.6) 26 (19.5)
 nausea/vomiting 1 (4.8) 3 (2.7) 4 (3.0)
vascular
 hematoma 2 (9.5) 1 (0.9) 3 (2.3)
 epistaxis 0 8 (7.1) 8 (6.0)
endocrine
 diabetes insipidus 0 20 (17.9) 20 (15.0)
  permanent 12 (10.7) 12 (9.0)
 SIADH 0 3 (2.7) 3 (2.3)
 new AP endocrinopathy 0 14 (12.5) 14 (10.5)
 panhypopituitarism 0 2 (1.8) 2 (1.5)
infection
 meningitis 0 5 (4.5) 5 (3.8)
 sinusitis 1 (4.8) 7 (6.2) 8 (6.0)
 abscess 0 3 (2.7) 3 (2.3)
systemic
 cardiovascular 0 1 (0.9) 1 (0.8)
 DVT 0 1 (0.9) 1 (0.8)
 UTI 1 (4.8) 0 1 (0.8)
CN deficit
 palsy 0 8 (7.1) 8 (6.0)
  permanent 3 (2.7) 3 (2.3)
visual deficit
 impairment (transient) 0 4 (3.6) 4 (3.0)
 diplopia 0 6 (5.4) 6 (4.5)
  permanent 1 (0.9) 1 (0.8)
total 11 120 131

* AP = anterior pituitary; DVT = deep venous thrombosis; ICP = intracranial pressure; UTI = urinary tract infection.
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trolled prospectively collected data inevitably means the 
factoring in of retrospective biases into all aspects of the 
study. Although this report may suffice for a preliminary 
summary of outcomes and a review of EES in a pediatric 
population, future prospective, randomized trials would be 
ideal to more precisely determine the optimal treatment 
modality for specific pediatric skull base pathologies.

Resection and Recurrence
All tumor pathologies considered together, 60 of 104 

cases with available follow-up data resulted in gross-total 
resection (57.7%), and near-total resection was achieved 
in an additional 29 (27.9%). A more complete resection is 
sometimes correlated with a reduced rate of tumor recur-
rence and improved outcomes, but this is not universally 
true.59,65 Lesion characteristics such as local invasiveness 
or adherence to critical structures such as the pituitary 
stalk or cerebral vasculature often prevent complete re-
section. Arguably, for some tumors, such as craniopha-

ryngiomas, total tumor removal may not even be the goal; 
near-total or subtotal excision with adjuvant radiation or 
chemotherapy has been advocated as a potentially supe-
rior treatment strategy.18,42 For yet others, such as func-
tional pituitary adenomas, tumor volume at presentation 
has been suggested to be the only factor with bearing on 
achieving total resection.28,29

Juvenile Nasal Angiofibromas
Rates of total resection in our series parallel those 

documented by authors who have analyzed endoscopic en-
donasal resection of pathologically homogeneous groups 
and reported rates ranging from 43% to 84% for juvenile 
nasal angiofibromas.27,32 Of 21 patients with juvenile nasal 
angiofibromas in our series with available follow-up data, 
GTR was achieved in 16 (76.2%), while EES resulted in 
near-total or subtotal resection in the remaining 5 patients 
(23.8%), due to residual tumor in the cavernous sinus or in 
proximity to the internal carotid artery. Such small areas of 

TABLE 7: Overall rate of complications categorized by tumor pathology

Complication Category

No. of Patients (%)

Angiofibroma 
(n = 24)

Craniopharyngioma 
(n = 16)

RCC 
(n = 12)

Pituitary 
Adenoma 
(n = 11)

Chordoma/ 
Chondrosarcoma 

(n = 10)

Dermoid/ 
Epidermoid 

(n = 9)
Other  

(n = 30)
Total  

(n = 112)

CSF/ICP
 CSF leak 1 (4.2) 3 (18.8) 2 (16.7) 1 (9.1) 2 (20.0) 3 (33.3) 2 (6.7) 14 (12.5)
 hydrocephalus 0 2 (12.5) 0 0 0 0 2 (6.7) 4 (3.6)
 headache 12 (50.0) 2 (12.5) 2 (16.7) 3 (27.3) 1 (10.0) 1 (11.1) 1 (3.3) 22 (19.6)
 nausea/vomiting 0 0 0 2 (18.2) 1 (10.0) 0 0 3 (2.7)
vascular
 hematoma 0 1 (6.2) 0 0 0 0 0 1 (0.9)
 epistaxis 4 (16.7) 0 0 1 (9.1) 1 (10.0) 0 2 (6.7) 8 (7.1)
 injury 0 0 0 0 1 (10.0) 0 0 1 (0.9)
endocrine
 diabetes insipidus 0 12 (75.0) 3 (25.0) 1 (9.1) 0 1 (11.1) 3 (10.0) 20 (17.9)
  permanent — 11 (68.8) 1 (8.3) 0 — 0 0 12 (10.7)
 SIADH 0 2 (12.5) 0 0 0 0 1 (3.3) 3 (2.7)
 new AP endocrinopathy 0 12 (75.0) 0 2 (18.2) 0 0 0 14 (12.5)
 panhypopituitarism 0 2 (12.5) 0 0 0 0 0 2 (1.8)
infection
 meningitis 1 (4.2) 2 (12.5) 0 0 1 (10.0) 0 1 (3.3) 5 (4.5)
 sinusitis 3 (12.5) 1 (6.2) 0 0 1 (10.0) 0 2 (6.7) 7 (6.2)
 abscess 0 0 0 0 0 2 (22.2) 1 (3.3) 3 (2.7)
systemic
 cardiovascular 0 0 0 0 0 1 (11.1) 0 1 (0.9)
 DVT 1 (4.2) 0 0 0 0 0 0 1 (0.9)
CN deficit
 palsy 2 (8.3) 3 (18.8) 0 0 1 (10.0) 0 2 (6.7) 8 (7.1)
  permanent 2 (8.3) 0 — — 1 (10.0) — 0 3 (2.7)
visual deficit
 impairment (transient) 2 (8.3) 1 (6.2) 0 0 0 0 1 (3.3) 4 (3.6)
 diplopia 3 (12.5) 2 (12.5) 0 0 0 0 1 (3.3) 6 (5.4)
  permanent 0 1 (6.2) — — — — 0 1 (0.9)
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residual tumor are often simply observed without evidence 
of further regrowth.

Only 1 (4.2%) of the 24 patients with angiofibromas 
developed a recurrence. This proportion is only marginally 
lower than the consensus rate of recurrence reported for ju-
venile nasal angiofibromas, between 8% and 36%, and the 
variation may be attributed to the sample size.27,56 However, 
we believe that our success with juvenile nasal angiofibro-
mas reflects the advantages of an anterior approach that 
provides access to all areas of tumor extension and a uni-
form preoperative embolization of tumor vasculature that 
was used in every case of these patients. Angiofibromas 
are highly vascular tumors, and preoperative embolization 
has previously been demonstrated to significantly decrease 
intraoperative bleeding and the need for transfusion.27 The 
decreased bleeding improves visualization, quite possibly 
allowing a greater extent of tumor resection and, conse-
quently, an improved recurrence-free survival rate.

Craniopharyngiomas
Literature concerning craniopharyngioma resection 

and recurrence suggests that total removal is achieved in 
between 18% and 76% of all cases, depending largely on 
tumor size and approach.25,33,68 In a recent systematic re-
view, Komotar et al.43 noted a mean rate of GTR of 48.3% 
when an open approach was used and of 66.9% when a 
purely endoscopic approach was used. Radical resection 
is usually the goal of surgery for these tumors known for 
their notoriously high rates of recurrence, but resection is 
often thwarted by the tumor’s typically deep location and 
intimate neurovascular relationship with the attendant 
risks of lasting neurological and/or endocrinological defi-
cits.16,68 Accordingly, rates of recurrence reported in the 
literature range from 0% to 50% (mean 21.4%) when GTR 

TABLE 8: Summary of the postoperative course of 128 patients with clinical follow-up data who underwent EES*

Pathology
Incomplete FU Effect of EES on Presenting Symptoms/Deficits†

Radiological Clinical No. of Patients w/ FU Normalized Improved No Change

bony abnormality
 skull base defect 1 0 12 9 3 0
 basilar invagination 0 0 4 0 2 2
 optic nerve compression 0 0 3 2 1 0
 trauma 0 0 2 1 1 0
 subtotal 1 0 21 12 (57.1) 7 (33.3) 2 (9.5)
tumor
 angiofibroma 3 1 23 13 8 2
 craniopharyngioma 0 0 16 9 5 2
 RCC 1 1 11 6 3 2
 pituitary adenoma 1 1 10 6 3 1
 chordoma/chondrosarcoma 0 0 10 4 3 3
 dermoid/epidermoid 2 1 8 5 3 0
 other pathologies 1 1 29 18 7 4
 subtotal 8 5 107 61 (57.0) 32 (29.9) 14 (13.1)
total 9 5 128 73 (57.0) 39 (30.5) 16 (12.5)

* FU = follow-up.
† Values are number of patients (%).

Fig. 1. Gross-total resection of a juvenile nasopharyngeal angio-
fibroma in a 16-year-old boy who presented with nasal obstruction 
and snoring. Upper: Preoperative coronal and axial T1-weighted 
MR images obtained after contrast administration, showing an en-
hancing mass that occupies the left nasal cavity, maxillary sinus, and 
pterygopalatine fossa and extends into the sphenoid sinus and phar-
ynx. Lower: Postoperative coronal and axial T1-weighted MR images 
obtained after contrast administration, demonstrating the total resection 
of the mass 3 months after EES.
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is achieved, and from 30% to 100% (mean 65.1%) for all 
other cases including near-total and subtotal resection.8,70

In our pediatric series of 16 cases of craniopharyn-
giomas, total resection was possible in 9 cases (56.2%). 
All other craniopharyngiomas (43.8%) underwent near-

total resection. These rates are consistent with ranges re-
ported in the literature, but it must be remembered that 
the tendency of craniopharyngiomas to involve critical 
neurovascular structures may limit their GTR. The rates 
of GTR largely reflect a surgical philosophy of limiting 
morbidity as an equal or greater goal of surgery as com-
plete removal. This is reflected in the fact that all tumors 
underwent either gross-total or near-total resection.

Seven (43.8%) of 16 tumors in our series exhibited 
recurrence within the follow-up period (subgroup mean 
28.9 months, range 4.1–51.3 months). Of these tumors, 4 
developed from 9 tumors that had been completely resect-
ed (recurrence rate 44.4%), while 3 developed from 7 tu-
mors that had undergone near-total resection (recurrence 
rate 42.9%). These rates of recurrence are within ranges 
reported in the literature and reinforce the notoriety of 
craniopharyngiomas to recur, even from undetectable 
residual tumor. Longer-term follow-up may reveal more 
recurrences, especially for craniopharyngiomas, but the 
optimal strategy to restrict the growth of these pediatric 
tumors remains elusive. Some have suggested limited sur-
gery followed by radiotherapy. Limited brain manipula-
tion and minimized trauma may decrease morbidity and 
mortality, potential seeding, and forestall recurrence.8,22

Pituitary Adenomas
Nine of 11 pituitary adenomas in our series were se-

cretory. Five adenomas were ACTH secreting (1 case was 
lost to follow-up), 2 were growth hormone secreting, and 
2 more were prolactin secreting. Gross-total resection was 
achieved in 3 (75%) of 4 cases of ACTH-secreting adeno-
mas with available follow-up data and in all other cases 
of secretory tumors. Only partial resection was possible in 
the 2 cases of nonfunctional adenomas. Overall, the rate of 
total tumor removal in our series for secretory adenomas 
(90%) slightly exceeds those rates reported in the litera-
ture, ranging from 40% to 86% depending on the hormone 
secreted by the tumor.28,29 Only 1 tumor recurrence was 
noted within the follow-up duration. Although it is not our 
intention to paint EES for pediatric pituitary adenomas as 
superior, the high rates of complete resection in our series 
together with the observation that 90% of all patients with-

Fig. 2. Gross-total resection of a craniopharyngioma in a 14-year-
old girl with headache, visual impairment, hypopituitarism, and diabe-
tes insipidus. Upper: Preoperative coronal and sagittal T1-weighted 
MR images obtained after contrast administration, showing a supra-
sellar heterogeneous lesion that extends to the third ventricle and the 
interpeduncular cistern. Enlargement of the temporal horns and the 
body of the right lateral ventricle is also seen. Lower: Postoperative 
coronal and sagittal T1-weighted MR images obtained after contrast 
administration, demonstrating GTR of the lesion 29 months after EES. 
The linear contrast-enhanced area (arrow) represents the vascularized 
nasoseptal flap that was used for reconstruction of the bony defect. The 
artifacts on the coronal image are from the ventriculoperitoneal shunt 
that was placed for the developed hydrocephalus. Postoperatively, the 
patient’s vision normalized; she remained on a regimen of hormonal 
replacement therapy.

TABLE 9: Summary of the postoperative course of all patients with tumors who underwent EES*

Pathological Entity
No. of Patients w/ 
Radiological FU

Extent of Op Adjuvant Therapy

Recurrence
GTR 

(100%)
Near-Total 

(>90%)
Subtotal 
(>50%) Biopsy Radiotherapy Chemotherapy

angiofibroma 21 16 (76.2) 2 (9.5) 3 (14.3) 0 0 0 1 (4.8)
craniopharyngioma 16 9 (56.2) 7 (43.8) 0 0 2 (12.5) 0 7 (43.8)
RCC 11 8 (72.7) 3 (27.3) 0 0 0 0 1 (9.1)
pituitary adenoma 10 7 (70.0) 2 (20.0) 1 (10.0) 0 1 (10.0) 0 1 (10.0)
chordoma/chondrosarcoma 10 5 (50.0) 5 (50.0) 0 0 6 (60.0) 1 (1.0) 3 (30.0)
dermoid/epidermoid 7 6 (85.7) 1 (14.3) 0 0 0 0 0
other pathologies 29 9 (31.0) 9 (31.0) 6 (20.7) 5 (17.2) 5 (17.2) 4 (13.7) 3 (10.3)
total 104 60 (57.7) 29 (27.9) 10 (9.6) 5 (4.8) 14 (13.5) 5 (4.8) 16 (15.4)

* Values are presented as the number of patients (%), with the percentages based on the number of patients with radiological follow-up for the given 
pathological entity.
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in this subgroup experienced at least marked improvement 
in symptomatology postoperatively (Table 8) suggest that 
the endoscopic approach may be of clinical utility in the 
surgical management of these tumors.

Additionally, we note that 8 of 9 secretory adenomas 
went into remission postoperatively. Of 5 ACTH-secret-
ing adenomas, 1 was lost to follow-up; hydrocortisone 
supplementation was required postoperatively in 2 of the 
remaining 4, while adrenocorticotrophic hormone levels 
normalized in the other 2. Similarly, growth hormone re-
placement therapy was required in 1 of the 2 patients pre-
senting with growth hormone–secreting adenomas, while 
in the other a return to baseline was noted. Prolactin lev-
els normalized in both patients who presented with pro-
lactinomas. Among those with available follow-up data, 
then, 100% remission was achieved.

Chordomas
Gross-total resection was achieved in 5 (50%) of 10 

patients with chordomas and near-total resection in the 
others. The notoriously challenging anatomical encroach-
ments of these tumors, their frequent lateralization, and 
their tendency to involve critical neurovascular structures 
such as the internal carotid artery or the cavernous sinus 
has historically complicated attempts to achieve high de-
grees of resection.47,62 Accordingly, rates of GTR achieved 
for chordomas have ranged from 4.7% to 58%, achieved 
via anterior midline approaches, traditional lateral ap-
proaches, or various combinations.47 In a recent review 
by our group, of 60 patients who underwent EES for a 
skull base chordoma, Koutourousiou et al.46 reported an 
average rate of GTR of 66.7% (82.9% for primary tumors 
but 44% for recurrent, previously treated tumors), noting 
that the learning curve (GTR improved to 89% in recent 
years) and tumor volume were among the most important 
determinants of the possibility of achieving GTR.

Our overall rate of GTR in the present series was 50% 
for this subgroup, within the ranges of current surgical 
standards for chordomas; there are yet no data regarding 
rates of total resection of pediatric tumors alone. Of 10 to-
tal chordomas in our pediatric series, 2 were recurrences. 
One had previously been treated by radiotherapy follow-
ing EES and the other by chemotherapy following open 
surgery; GTR was achieved in 1 of these 2 patients. Of 
the remaining 8 cases of chordomas, GTR was achieved 
in 4, and near-total resection (> 90%) was achieved in the 
remaining 4. Pediatric chordomas are notoriously aggres-
sive with poor prognosis, large size, significant invasion, 
and a propensity for recurrence. They inevitably require 
adjuvant treatment and often more than one stage or ap-
proach for complete resection. In our series, of 10 total 
chordomas/chondrosarcomas, 4 required staged opera-
tions, 7 required multiple EEAs, and 2 required combined 
approaches.

Complete resection remains the surgical goal, but 
this goal must be tempered by an understanding of this 
need for other treatment and overall quality of life. As 
such, EES for pediatric chordomas offers a good option 
for initial approach, and it is reasonable to expect im-
proved outcomes in the future with increased experience, 
as with chordomas in the adult population. Where GTR 

of a chordoma was precluded by anatomical limitations, 
the goal of surgery was reasonably lowered to achiev-
ing maximal possible resection. In all 5 cases of residual 
tumor, EES was followed by adjuvant proton beam ra-
diotherapy; 2 tumors that underwent GTR also received 
adjuvant therapy (one with proton beam radiotherapy and 
the other with chemotherapy). This approach appears ef-
fective; no patient with a chordoma in our series wors-
ened neurologically within the follow-up duration, and 
the majority experienced improvement from baseline, at 
the least. Moreover, for chordomas, which are generally 
more aggressive in the pediatric population, our rate of 
recurrence of 30% is well within the range of 16%–68% 
that has previously been described.1,47

Other Pathological Entities
Of all other tumor pathologies, only 4 tumors exhib-

ited recurrences—2 malignancies (rhabdomyosarcoma 
and sarcoma) and 2 benign masses (juvenile ossifying fi-
broma and RCC). With the exception of RCCs, discussed 
in the next section, data regarding endoscopic resection of 
these tumors are rare, rendering valid comparisons hard 
to make. However, the rate of GTR achieved and recur-
rence kept at bay appears encouraging.

Resolution of Symptoms
Outcomes for other lesions, such as RCCs, are bet-

ter measured by resolution of patient symptoms rather 
than by extent of cyst decompression, even though rates 
of removal of as much as 100% for RCCs have been re-
ported in some series.50 Symptom resolution is also the 
key determinant of success in the management of bony 
abnormalities: resolved dysphagia, for instance, follow-
ing resection of an odontoid process for the management 
of a basilar invagination is of more clinical benefit than 
the extent of the dens removed. This is especially true of 
younger pediatric patients where recognizing symptoms 
is often critical to optimal treatment.

Although often reliable, symptoms of skull base 
tumors encompass a broad spectrum of vascular, endo-
crinological, and neurological manifestations (Table 2). 
Across this spectrum of clinical presentation, the major-
ity of our patients in every histopathological tumor cat-
egory demonstrated improvement to normalcy; no patient 
worsened neurologically after surgery. Since for most 
tumor pathologies complete resection and minimized re-
currence are better measures of long-term outcome (and 
were discussed in an earlier section), only the outcomes 
in patients with RCCs and skull base defects are briefly 
discussed here for illustrative purposes.

Rathke cleft cysts are well known to be associated 
with headaches and endocrine deficits; we noted a similar 
pattern of presentation in our patients. Traction and dis-
placement of the infundibulum and local irritation of sur-
rounding structures such as the cavernous sinuses, the in-
ternal carotid arteries, or the trigeminal nerve have been 
implicated as potential etiologies; inflammatory reactions 
stimulated by the mucinous material in RCCs have also 
been suggested to be causative.50 Considering both head-
aches and endocrinological impairment, in our series, 
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significant improvement was achieved in more than 80% 
of patients after endoscopic endonasal resection. Success 
rates ranging from 32% to 91% have previously been re-
ported in the literature for methods ranging from open 
decompression/resection to endoscopic approaches.2,53 
Our high rate of success may stem from the improved 
visualization that the utilization of an endoscope provides 
while facilitating a wide opening of the cyst and allowing 
for maximal cyst decompression, or similarly, resection 
and/or cavernous sinus decompression.

Skull base defects in pediatric patients typically pres-
ent with either CSF leaks or fistulas, recurrent episodes 
of meningitis and rhinorrhea, or meningoencephaloceles 
with nasal obstruction (Table 3).49 Of 12 patients with 
skull base defects in our sample, 9 (75.0%) experienced a 
return to normalcy while the remaining 3 showed marked 
improvement. Of the 3 patients who improved, 2 pre-
sented with marked visual impairment that substantially 
improved following EES for a CSF leak/fistula, while the 
third was patient with a meningoencephalocele in whom 
CSF leak persisted postoperatively but nonetheless re-
solved within 2 months of the surgery. These results rein-
force the findings of Locatelli et al.,49 who found similar 
success in a pediatric cohort of equal size.

While application of the EES to other bony abnormali-
ties has been rare in the past, our results in this domain are 
encouraging; regardless of etiology, endonasal approaches 
to the removal of bony structures or necrotizing material 
compressing the optic nerve or the optic apparatus uni-
formly resulted in significant improvement.44 Only 2 of 
our patients with bony abnormalities (both cases of basilar 
invagination) did not improve postoperatively. We do not 
believe that this reflects failure of the endoscopic approach; 
rather, both patients had Chiari malformations Type I with 
associated syringomyelia, known to frequently be associ-
ated with permanent neurological deficits.17,69

Satisfactory resolution of symptoms post-EES is fre-
quently registered among the adult population.9,10,51,54,63 
From our pediatric series, the majority of patients with 
follow-up (112 [87.5%]) displayed at least a marked im-
provement in symptoms or deficits following endonasal 
surgery. Notwithstanding the once-feared challenge of 
approaching the pediatric skull base through small nos-
trils and sinonasal cavities, taking advantage of anatomi-
cal pathways to the sella in children as in adults may, in 
fact, aid in tumor resection/defect repair, simultaneously 
allowing decreased mucosal detachment and bony dis-
section, hastening recovery, and minimizing postopera-
tive persistence of symptoms.

Complications
The heterogeneity of pathologies considered in this 

report makes a comprehensive discussion of intra- and 
postoperative complications beyond the scope of this 
paper. Cerebrospinal fluid leaks, for example, are best 
described not in the context of pathological entity but 
instead in that of spatial relationships within the brain, 
such as dural extension. Others, such as new CN deficits, 
are best appreciated in relation to the traditional charac-
teristics and proclivities of the particular pathology. We 
therefore elected to discuss the more frequent categories 

of complications separately in this section, segmented by 
pathological entity when possible.

Cerebrospinal Fluid/Intracranial Pressure Abnormalities
Cerebrospinal fluid leaks were a relatively frequent 

complication in our study, with a postoperative leak rate of 
10.5% in the entire cohort and 12.5% in tumor cases. The 
literature varies on the rates of CSF leaks after skull base 
surgery; rates between 2% and 13% have been reported 
after transsphenoidal surgery, between 13% and 29% af-
ter open skull base surgery, and between 8% and 13% in 
pediatric patients.14,19,20,66 Ten leaks in our series occurred 
among 71 patients with tumors that were sellar or extra-
sellar. In contrast, the few studies of pediatric skull base 
surgery that reported leak rates of 8%–13% only included 
24%–50% of such lesions.51,64 Literature on CSF leak rates 
in adult skull base surgery has established a relationship 
between these lesions and increased leak rates, largely ow-
ing to the greater subarachnoid dissection required; for 
these lesions, rates of between 19% and 20% have been 
reported.35 Furthermore, most CSF leaks in our series oc-
curred before the routine use of the vascularized nasosep-
tal flap for reconstruction, a technique previously reported 
to assist in preventing leakage.39 Accordingly, in our series, 
the rate of postoperative CSF leak after 2008 was reduced 
from 12.5% in the tumor cases to 8.9%.

Endocrinopathies
The major endocrinological complications encoun-

tered were diabetes insipidus, SIADH, anterior pituitary 
endocrinopathy, and panhypopituitarism. Consistent with 
traditional teaching, most endocrine deficits occurred in 
patients with craniopharyngiomas, RCCs, or pituitary ad-
enomas, with the exception of 1 patient with a dermoid 
tumor and 3 with rarer malignancies that developed post-
operative diabetes insipidus, and 1 other that developed 
postoperative SIADH.

Craniopharyngiomas
In a recent systematic review of surgically managed 

series of craniopharyngiomas, Komotar et al.43 noted dia-
betes insipidus as a complication in 12%–32% of cases, 
depending on the approach used (diabetes insipidus was 
more frequent in endoscopic surgery than in open trans-
cranial approaches); hypopituitarism was noted to range in 
incidence from 28% to 58% (higher with an endoscopic ap-
proach).21,31,43 In our series, transient diabetes insipidus oc-
curred in 12 patients (75%) with craniopharyngiomas and 
became permanent in 11 (68.8%). Eight patients (50%) de-
veloped new anterior pituitary endocrinopathy, while 4 of 8 
patients with preoperative anterior pituitary endocrinopa-
thy experienced post-EEA impairment or worsening of one 
or more hypothalamopituitary hormonal axes. However, 
postoperatively all patients required hormone replacement 
(14 required hydrocortisone; 16, thyroxine; and 10, growth 
hormone). Two patients developed panhypopituitarism.

The rate of occurrence of endocrinopathy in our se-
ries is admittedly higher than that reported in the litera-
ture. Although endocrinopathy may be expected as a con-
sequence of attempts at better resection, our rates of GTR 
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are comparable to those reported by Komotar et al.,43 and 
were discussed earlier. However, we note that every pa-
tient in our series of 16 pediatric craniopharyngiomas un-
derwent at least near-total resection. Additionally, the ma-
jority of tumors in our series extended to involve the sella, 
with only 5 being purely suprasellar; while having sellar 
involvement does not necessarily make tumor resection 
more difficult, it may make preserving pituitary function 
more difficult or impossible. With regard to endocrine 
function, these tumors may be similar to sellar masses 
with suprasellar extensions; resection of such lesions, es-
pecially in pediatric patients, has previously been associ-
ated with increased rates of pituitary dysfunction, rang-
ing from 8% to 100%, with the consensus being around 
70% for the development of new diabetes insipidus after 
resection.31,48

Rathke Cleft Cysts
Three patients (25.0%) with RCCs developed tran-

sient diabetes insipidus postoperatively, the only endo-
crine complication within this pathological subgroup, 
which became permanent in 1 patient (8.3%). This rate 
of 8.3% is similar to the 6% risk of permanent diabetes 
insipidus reported by Benveniste et al. in a review of 62 
patients who had undergone decompression of RCC, and 
may relate to the sometimes necessary, aggressive cyst 
resection.2,50

Pituitary Adenomas
Within this subgroup there was a single case (9.1%) of 

transient diabetes insipidus, but 2 (18.2%) of new anterior 
pituitary endocrinopathy. The 2 cases of endocrinopathy 
requiring hormone replacement (hydrocortisone in one 
patient and thyroxine in the other) occurred in patients 
with nonfunctional adenomas and may represent aggres-
sive resection of particularly challenging tumor cases. An 
additional 3 patients required hormone replacement post-
operatively (2 required hydrocortisone and 1 required 
growth hormone); however, this represented remission of 
preexisting functional adenomas in 2 patients with Cush-
ing syndrome (ACTH-secreting adenoma) and 1 with gi-
gantism (growth hormone–secreting adenoma).

Neurological and Visual Deficits
Neurological complications were clustered, similar 

to endocrinopathies, among pathological subgroups—ju-
venile nasopharyngeal angiofibromas and craniopharyn-
giomas. Five of 8 CN palsies occurred in 2 patients with 
angiofibromas (unilateral CN VI palsy in both) and 3 with 
craniopharyngiomas (unilateral CN III, unilateral CN VI, 
and unilateral CN VI). The notoriety of craniopharyngio-
mas, both in location and pathological attributes, has been 
considered earlier. Angiofibromas are similarly benign 
but locally aggressive tumors. Being richly vascularized, 
they often grow to large sizes, displacing orbital tissue 
and causing diplopia, visual loss, or facial hypesthesia.27

Accounting for sample size variations, our rates of 
complication for these 2 tumor pathologies at least paral-
lel previously reported rates. Hackman et al.,27 in a recent 
study of 12 skull base angiofibromas treated using endo-

scopic, open, or combined techniques, noted a 25% rate 
of postoperative ocular complications, which included 1 
CN VI nerve palsy (8.3%). An earlier study by Pryor et 
al.56 found their rate of neurological complications to be 
72% by open approaches and 23% by purely endoscopic 
approaches. In our series, we encountered a rate of post-
operative diplopia of 12.5% (all transient) and a rate of 
nerve palsies of 8.3% (both permanent) among all pa-
tients with juvenile nasopharyngeal angiofibromas.

Vascular Complications
Although hemorrhages are frequent after surgical 

removal of juvenile nasopharyngeal angiofibromas, with 
rates reportedly ranging from 35% to even 100%, there 
were only 4 patients (16.7%) in our series who experi-
enced recurrent episodes of postoperative epistaxis, and 
vascular complications among other patient subgroups 
were similarly few in occurrence.27,39 Kassam et al.,35 in 
a recent analysis of complications in 800 patients who 
underwent endoscopic skull base surgery, concluded that 
combined coronal endonasal approaches were signifi-
cantly associated with increased rates of postoperative 
vascular complications and that transplanum approaches 
were the next highest risk group for postoperative com-
plications. We did not find any such associations in our 
series, although our patient sample is much smaller. Dif-
ferences in the pediatric population may be due to a dif-
ferent spectrum of pathologies and approaches, decreased 
pneumatization of the paranasal sinuses with better pro-
tection of vascular structures, different growth patterns of 
tumors, and decreased willingness for aggressive surgery.

There was a single case of intraoperative arterial in-
jury within our series (injury and sacrifice of the left in-
ternal carotid artery) that occurred during resection of a 
chordoma. The patient subsequently developed left-sided 
Horner syndrome. While admittedly unfortunate, vascu-
lar injury is a well-recognized complication during EES, 
having been reported to occur at a rate of approximately 
0.9% of EESs in adults; our rate in the overall series is 
equal and comparable, although the rate of vascular in-
jury is and expectedly higher in surgeries involving chor-
domas, which are known to be particularly aggressive in 
nature and frequently intimately involve critical neuro-
vascular structures.35,46,62

Infectious Complications
With specific regard to the rates of postoperative in-

fectious complications, a recent report by Greenfield et 
al.26 suggested that the unsterile environment of the nasal 
cavity may contribute to increased rates of intracranial 
infections. However, we found no significant difference 
between the rate of postoperative intracranial infection 
in our pediatric endonasal series, and those reported for 
open or endonasal skull base surgery in adults.45 Our over-
all rate of infection was 12.0%. However, 7 of the total of 
16 postoperative infections were sinusitis, not concurrent 
with intracranial infections. Sinusitis is an expected and 
arguably minor complication when considering an endo-
nasal route to the skull base, whether pediatric or adult; 
as a case in point, an analysis of 570 patients undergoing 
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EES for pituitary adenomas established that after menin-
gitis, sinusitis was the most frequent infectious complica-
tion.3,35 Nonetheless, it appears that the rate of sinusitis in 
pediatric patients, as reflected by our series, may in fact 
be higher than those reported in the literature for EES 
in adults; incomplete sinus pneumatization or anatomical 
variations may be contributory.

Of all patients who developed meningitis, 1 was a 
patient with an angiofibroma, 1 with a chordoma, 1 with 
a pituitary carcinoma, and 2 with craniopharyngiomas. 
Within each subgroup, and accounting for differences in 
sample size, the rate of meningitis is comparable to the 
overall rate of meningitis of 1.6% reported by Kassam 
et al.35 in a series of skull base lesions in adults treated 
through EEA; our rate is also comparable to or better 
than rates noted in open series, ranging from 3.4% to as 
much as 6.8%, lending further support against the notion 
that the sinuses provide only an unsterile environment for 
intracranial surgery.5,20,23

The other major group of infectious complications 
were abscesses, which occurred in 3 patients overall (1 
with a dermoid tumor, 1 with an epidermoid tumor, and 1 
with a pituitary carcinoma). A rate of 22% among patients 
with dermoid and epidermoid tumors may appear high; 
however, microscopic ectodermal derivatives that may 
be left behind in their resection are notorious for causing 
postoperative recurrence or infection.57

An issue that has been variously considered by au-
thors reporting on complications of endonasal skull base 
surgery in the adult population is that cranial base recon-
struction through the nose may increase the risk of post-
operative CSF leaks, and consequently, the risk of post-
operative infection, especially of bacterial meningitis.26,35 
While it is true that endonasal skull base reconstruction is 
not trivial, our recent experience with the use of the vas-
cularized nasoseptal flap and the resulting significantly 
decreased rates of CSF leaks has led us to believe that 
this reconstructive technique may provide a solution to 
the current problem.56

As previously noted, the use of the flap became rou-
tine in our practice in 2008. It is noteworthy that 3 of 5 
total cases of meningitis occurred before implementation 
of the nasoseptal flap, as did 4 of 7 total cases of sinusitis. 
Although the decrease in incidence is not statistically sig-
nificant, it parallels a decrease in CSF leak, as described 
earlier. A previous study by our group has shown that the 
pedicled vascularized flap provides a more robust layer 
of tissue and improved healing compared with a free tis-
sue graft, decreasing the rate of postoperative CSF leak 
in EES among adults.39,64 It is likely that the same is true 
of pediatric patients, and that as the number of patients 
undergoing EES increases, these differences will become 
more pronounced.

Growth and Pneumatization
We address a concern that EES may have lasting im-

plications on normal pediatric growth and development, 
especially of the skull and midfacial regions.4,40 In our 
own series, we noted no growth complications. Although 
our study is limited by a relatively short follow-up period 
(22.7 months), this finding provides initial reinforcement to 

similar observations by the few other groups that have in-
vestigated this issue.30,58 At a mean follow-up of 6.7 years, 
Rigante et al.58 noted that EES may in fact be superior to a 
microscopic approach to skull base lesions in the pediatric 
population, with regard to preserving the integrity of the 
nasofacial structures. More thorough investigations with 
larger sample sizes are required to verify the reasonably 
presumed superiority of EES, but thus far no major compli-
cations have been noted in pediatric development.

Despite the few studies touting the upper hand of 
EES in pediatric patients, its widespread use has long 
been challenged by the inadequate pneumatization of 
air sinuses in children, especially in those younger than 
3 years.40,52 Incomplete pneumatization offers smaller 
working spaces, complicating endoscopic access through 
the sinuses to the skull base. In our own practice, this 
challenge has been overcome by the use of a team com-
prising adult and pediatric skull base surgeons, the use of 
neuronavigation, and some simple techniques. There is a 
significant learning curve with endonasal skull base sur-
gery, especially when normal anatomical landmarks are 
absent. However, this can be limited by combining adult 
surgeons with greater endoscopic endonasal case volume 
with pediatric neurosurgeons who are more comfortable 
with the diseases of pediatric patients and their anatomy, 
providing the ideal situation for the safe management of 
these patients.

Neuronavigation can be invaluable when there is no 
sinus pneumatization, allowing safe access and acting as 
a surrogate for normal landmarks. This must be applied 
with great care, and the reliability and accuracy of the 
navigation should be verified early with sinus landmarks 
such as the sphenoid rostrum. These sinus landmarks may 
remain the sole landmarks and can serve to reorient to 
midline. The safest area to drill first is direct midline (as 
confirmed by image guidance) to eventually expose the 
midsella. Drilling and bone removal can then proceed 
outward from the sella as needed, with care taken to avoid 
injury to the parasellar carotid protuberance.

Final Considerations
In compiling this report, we reviewed the first 133 

consecutive pediatric patients to undergo EES at our 
institution. This patient volume represents a consider-
able increase from the 25 patients initially reported on 
in an earlier analysis by our group in 2007 and reflects 
our increasing confidence in using the EEA for surgi-
cally managing skull base lesions.40 The incremental ex-
perience has allowed implementation of the EEA in the 
treatment of a broader range of pathologies and revealed 
rates of complications lesser or comparable to those ex-
pected from transoral or transfacial approaches. Perhaps 
the most important transition that we made, and that EES 
may benefit from, is the use of the vascularized nasosep-
tal flap in skull base reconstruction to reduce the rate of 
postoperative CSF leakage. This has been the most fre-
quent complication across the spectrum of pathologies 
managed endoscopically, and flap use seems to have pro-
vided a means of decreasing its incidence. As was previ-
ously discussed, the use of the flap and the decreased CSF 
leak rate that it provides must have preventive benefit with 
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regard to infectious complications such as postoperative 
meningitis or abscesses.

This report follows the 2007 analysis by approxi-
mately 5 years; the additional follow-up has revealed no 
cases of craniofacial developmental anomalies attribut-
able to the EEA. In addition, as our experience indicates, 
inadequate pneumatization of air sinuses in younger pa-
tients need not represent an impasse for EES, but rather 
represents an obstacle that can be overcome with neuro-
navigation, anatomical knowledge, and experience. Ran-
domized trials will be necessary for further evaluation, 
but EES appears to be a viable, competitive alternative 
to traditional craniofacial approaches to the skull base in 
pediatric patients.

Conclusions
The introduction of endoscopic endonasal skull base 

approaches has expanded the horizons of surgical ac-
cess for pediatric patients and appears to have provided 
a minimally invasive means for managing lesions with 
reduced subsequent morbidity. As in many other surgical 
specialties, however, nascent techniques can gain popu-
larity quickly while expertise in these new techniques 
is essential to achieve the best results. It is essential that 
the surgeon be well versed in conventional skull base 
approaches as well, to achieve ideal candidate selection 
and optimize patient treatment. In this review of the first 
133 consecutive pediatric patients who underwent EES 
for skull base defects or resection of skull base tumors, 
we note that the majority of patients experienced positive 
outcomes. At the very least, outcomes were comparable 
to those expected from conventional, open surgical ap-
proaches. At a mean follow-up of approximately 2 years, 
no impairments were noted in the normal pediatric pa-
tient growth and development. Endoscopic endonasal 
surgery may thus be associated with favorable longer-
term outcomes, but controlled studies with the strength 
of a larger sample will be needed to assess the validity of 
these assumptions.
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