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ABSTRACT 1 

 2 

Background: The supraorbital keyhole craniotomy is a minimally invasive approach used to 3 

access the parasellar region with advantages of decreased cortical exposure, simple closure, and 4 

a decreased risk of postoperative cerebrospinal fluid (CSF) leak. The incision of this approach, 5 

however, has raised cosmetic concerns, especially for pediatric patients.  6 

 7 

Objective: To assess the postoperative complications and cosmeses of the supraorbital keyhole 8 

approach for removal of intracranial lesions in pediatric patients.  9 

 10 

Methods: A literature search of PubMed, Scopus, and Web of Science databases was performed 11 

on June 1, 2021 searching for all studies of pediatric patients undergoing supraorbital keyhole 12 

craniotomies for surgical resection of lesions in the anterior fossa/sellar region.  13 

 14 

Results: Of the 729 unique hits, 15 supraorbital keyhole studies reporting on 177 pediatric cases 15 

were included in the final review. Quality of all included studies was moderate. Overall, the 16 

surgery was well tolerated with a low number of severe adverse events. A wide variety of 17 

pathologies were treated with this approach. Complications of surgery included changes in 18 

vision, epidural hematoma, subdural hematoma, CSF leak and wound infection. At six weeks 19 

follow-up, surgical scars in most patients were noted to be minimally detectable. At three-six 20 

months of follow-up, scars were no longer visible. Cosmetic complications included five bone 21 

defects, one split eyebrow and one case of ptosis.  22 

 23 

Conclusion: This study suggests that the supraorbital keyhole craniotomy is a safe and effective 24 

approach to access the parasellar region in pediatric patients with excellent cosmetic outcomes 25 

reported across multiple institutions.  26 

 27 

 28 

 29 

 30 
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INTRODUCTION 31 

In recent years, neurosurgery has evolved from a discipline with a predominance of large 32 

open craniotomies towards a field with an ever-increasing proportion of minimally invasive 33 

surgical (MIS) approaches.1,2 These advances in technology have enabled neurosurgeons to 34 

perform both cranial and spine procedures in a manner that confers less harm to the patient while 35 

simultaneously improving postoperative outcomes.1 In cranial neurosurgery, comparable 36 

postoperative clinical outcomes have been reported when comparing traditional craniotomy to 37 

the MIS “keyhole” approaches.3-5 The keyhole approach allows for reduced risk of collateral 38 

damage to soft tissue and surrounding bone due to its small cranial opening, which is often 39 

placed directly above the site of the lesion to be resected. Specifically, deeper lesions can be 40 

accessed with a smaller keyhole due to the widening of projection angles into the intracranial 41 

field (the keyhole principle), whereas superficial lesions often require a craniotomy the same size 42 

as the lesion itself and therefore has the potential to result in a larger scar.2,6,7 43 

Two keyhole techniques are most commonly used when considering accessing a 44 

parasellar lesion: both the extended transsphenoidal and supraorbital approaches.2,8 While the 45 

transsphenoidal approach allows for greater ease of access to suprasellar tumors closer to the 46 

midline, the supraorbital approach is recommended for tumors presenting more laterally, beyond 47 

the supraclinoid carotid arteries for which a pterional or orbitozygomatic approach has 48 

traditionally used.9 Notable advantages of the supraorbital approach include shorter operative 49 

times due to easier cranial base closure in addition to a decreased risk of postoperative 50 

cerebrospinal fluid (CSF) leak.2,6 Furthermore, cosmetic results for adults have been repeatedly 51 

reported as being superior with the supraorbital approach,3,10-12 along with a shorter patient 52 

recovery time, lower risk of infection, and a shorter hospital stay when compared to larger 53 
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craniotomies.3,6,13,14 Despite its advantages, the supraorbital approach has limitations worth 54 

noting. As with other small cranial openings, the supraorbital keyhole (relative to larger 55 

craniotomies) approach involves a smaller operative space15,16 with decreased lighting17,18 and 56 

also requires more advanced planning with a higher degree of technical skills to achieve surgical 57 

goals whilst avoiding  complications such as facial nerve injury.19 58 

Adult studies have reported the use of supraorbital keyhole craniotomy for treatment of  59 

craniopharyngioma,2,19,20 meningioma,19-24 and anterior circulation aneurysms with good 60 

outcomes.2,17,25-30 When considering the pediatric population, however, the supraorbital keyhole 61 

approach has not been employed as extensively. This could be due to a perceived increase in 62 

procedural difficulty in pediatric patients17,18,31 as well as concern relating to achieving 63 

comparable cosmetic outcomes in the pediatric population compared to the adult population.7,8,32 64 

As noted with adult patients, operative windows and lighting are decreased to an even greater 65 

extent when the supraorbital keyhole approach is used in pediatric cases, and there have been 66 

concerns related to the unnecessary degree of brain retraction that occurs during removal of the 67 

orbital roof.7,8,15-17,33-37 Despite published case-based refutes of these concerns,7 and despite the 68 

advantageous anatomy of the basifrontal floor and suprasellar regions,2,6,7 it remains 69 

underutilized. Therefore, the benefits of this approach warrant further investigation beyond a 70 

single surgeon at a single center. For this purpose, a systematic review of pediatric supraorbital 71 

keyhole craniotomy was performed evaluating postoperative clinical and cosmetic outcomes by 72 

evaluating all published evidence to date.  73 

 74 

 75 

 76 
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 77 

METHODS 78 

Search Strategy 79 

A systematic search of the PubMed, Scopus, and Web of Science databases on June 1st, 2021. 80 

The search query utilized the terms: ("supraorbital" OR "eyebrow") AND ("craniotomy" OR 81 

"approach" OR "keyhole" OR "procedure") AND ("pediatric" OR "children" OR "child" OR 82 

"young") in all fields for all databases. Initial abstract and title screening was performed by two 83 

authors (CY, BF) taking into consideration this study’s pre-determined inclusion and exclusion 84 

criteria. Any discrepancies in title and abstract screening were resolved by consensus among all 85 

authors. Full-text review was performed by the same initial screening authors, and the references 86 

of studies included in the final review were further scrutinized for inclusion in the study. 87 

     88 

Inclusion Criteria 89 

Articles were included if they 1) included patients < 18 years of age, and 2) included patients 90 

undergoing keyhole neurosurgery with a supraorbital approach for surgical resection of lesions in 91 

the anterior fossa/sellar region. Articles labeled as either “keyhole” or “minimally invasive” 92 

supraorbital craniotomy with craniotomy length < 3 cm were included. 93 

 94 

Exclusion Criteria 95 

Articles were excluded if they were 1) editorials, 2) literature reviews, 3) conference 96 

presentations, 4) book chapters, or 5) were any other medium that did not appear peer reviewed. 97 

In addition, any article that appeared to have duplicate data (similar patient age, approach, tumor 98 

type) with another article was not included. If an article did not have clearly defined data, it was 99 

also excluded. 100 
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  101 

Data Extraction 102 

Included articles were examined for data in the manuscript body, tables, and supplementary files. 103 

The following variables were retrieved: sample size, age, gender, mean follow-up, resection rate, 104 

type of lesion, location of lesion, scar visibility, deaths, complications, and cosmetic outcomes. 105 

 106 

Quality Assessment 107 

Studies were assessed via New-Castle Ottawa guidelines for assessment of non-randomized 108 

retrospective cohort studies.38 Variable of interest for quality assessment was the use of 109 

supraorbital minimally invasive approach for resection of the patient’s lesion. 110 

 111 

 112 

RESULTS 113 

Study selection and characteristics  114 

The query yielded 1059 publications in totality, with 280 citations from PubMed, 644 from 115 

Scopus, and 135 from Web of Science (Figure 1). After exclusion of duplicate records, 729 116 

articles remained. Upon brief review of titles and abstracts, 89 papers related to supraorbital 117 

keyhole craniotomy underwent full-text review. Ultimately, 15 articles with a total of 177 cases 118 

(Table 1) were included after applying the exclusion criteria. Most studies evaluated scar 119 

visibility, cosmetic complications, and perioperative/postoperative complication rates resulting 120 

from the supraorbital keyhole approach.  121 

 122 

Patient demographics 123 
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Demographics of the 177 patients are summarized in Table 2. Gender identity was 124 

present for all studies except for one.33 There were 58% of patients that were male and 42% of 125 

patients that were female. The overall average age for patients from all studies in this systematic 126 

review was 8.75 years, ranging from nine months to 16 years. Lesion location was reported by 127 

all 15 studies (Table 3). The three most common lesions were craniopharyngiomas with 55 128 

(31%) cases, arachnoid cysts with 31 (18%), and optic gliomas with 20 (11%). 129 

 130 

Qualitative Assessment 131 

Mean quality grade of all studies included in this review is 5.8/9, which suggests a moderate 132 

level of quality. All studies lost one point for selection as they did not meet criteria for “Selection 133 

of the Non-Exposed Cohort” as no studies directly compared patients undergoing minimally 134 

invasive craniotomy to more invasive approaches. Additionally, all studies lost two points for 135 

comparability for this same reasoning. Three studies lost one point for inadequate follow up as 136 

they reported no long term follow up outcomes.33,39,40 137 

 138 

Surgery  139 

Table 3 provides surgical information of incision type and use of endoscopic assistance. 140 

Skin incisions were made superior to the eyebrow in six studies.33,34,41-44 A skin incision within 141 

the hair of the eyebrow was made in nine studies.7,39,40,45-50 Endoscopic assistance was reported 142 

to be used in all patients in eight studies7,40,41,43-48 and in 25% (2/8) of cases in one study.41 Types 143 

of lesions undergoing minimally invasive supraorbital craniotomy include 55 144 

craniopharyngiomas,7,34,41 nine epidural hematomas,42 six epidural abscesses,33,40,42 one 145 

metastatic medulloblastoma,42 one medulloblastoma,7 one glioblastoma,42 21 gliomas,7,33,34 one 146 
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frontal encephalocele,42 33 arachnoid cysts,34,44,45 eight dermoid tumors,7,34,39,50 three 147 

hypothalamic hamartomas,7,34 two neurenteric cysts,7,47 two neuronal tumors,34 one compound 148 

skull fracture,7 one pituitary macroadenoma,7 one cavernoma,7 one hamartoma,43 two CSF 149 

fistulas,33,34 four cholesteatomas,33 one frontobasal neuroblastoma,33 one metastatic 150 

pineoblastoma,33 two teratomas,33,46 one neurocytoma,33 one ganglioglioma,33 one 151 

neuroblastoma,33 two cases of hydrocephalus,49 one granuloma,50 one plexiform neurofibroma,50  152 

and one thickened pituitary stalk.48 153 

 154 

Resection rate  155 

Rates of gross total resection (GTR) and subtotal resection (STR) rates were reported in 156 

four studies7,34,41,42 and summarized in Table 4. A total of 55 patients were reported to undergo 157 

GTR and 22 patients underwent STR. One study described 21 patients that underwent biopsy 158 

only.48 A total of 10 studies did not specify rate of resection.33,39,40,43-47,49,50  159 

 160 

Cosmesis outcomes 161 

Cosmesis outcomes can be found in Table 2. Two studies did not specifically report any 162 

cosmetic outcome.44,48   In one study, postoperative scaring was reported to be noticeable at six to 163 

eight weeks follow up but not visible by the three to six month clinic visit.34  Four studies 164 

reported that scarring was barely visible after six weeks.7,41,49,50 One study described that the scar 165 

was not visible and hidden in the eyebrow.42   Cosmesis complications were noticed in five 166 

studies.7,39,41,42,47 Two studies reported bone defects on/over the forehead in a total of five patient 167 

cases,7,41 and one study had a case of a split eyebrow.42 One study reported ptosis found in one 168 
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patient,39 and another study had one patient with postoperative complete third nerve palsy that 169 

persisted at one year follow up likely unrelated to approach.47 170 

 171 

Complication profile 172 

Complications stratified by each individual study are displayed in Table 3. Three cases of 173 

CSF leak were reported,7,44,50 with an additional five patients having subgaleal CSF 174 

collections.41,44 Additional complications included one chronic subdural hematoma,38,41 one 175 

subdural hygroma,38,41 one epidural hematoma,42 five patients with visual impairment,7,34,41 one 176 

patient with seizures,44 one patient with ansomia,7 three postoperative wound infections,33,34 and 177 

one case of postoperative meningitis.47 178 

 179 

 180 

 DISCUSSION 181 

This systematic review assesses the use of the supraorbital keyhole craniotomy approach 182 

for surgical resection of lesions in the parasellar region in the pediatric population. Following a 183 

comprehensive search of the published literature, 177 patient cases from 15 studies met the 184 

inclusion criteria and were evaluated. Our study found this approach offers favorable outcomes 185 

including a low rate of adverse effects while also providing acceptable cosmetic outcomes in 186 

pediatric patients. 187 

Potentially damaging surrounding nerves and structures is potentially one complication 188 

that can specifically arise in the anatomical location of the supraorbital craniotomy. An incision 189 

is often made near the medial supraorbital nerve and ends at the lateral edge of the eyebrow. This 190 

is in close proximity to the superior frontal branch of the facial nerve, which provides motor 191 
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innervation of the frontalis muscle. A frontalis nerve palsy can result if this nerve is severed or 192 

stretched during surgery, resulting in frontalis muscle weakness with an inability to raise and 193 

move the ipsilateral eyebrow.17 This complication has a reported rate of 1% to 5.5% in adult 194 

studies,2,9 whereas no study has been conducted or reported for pediatric patient populations. The 195 

exact course of the frontalis branch of the facial nerve varies between patients, and thus can 196 

present some difficulty in ensuring preservation. In our study with pediatric patients, this was 197 

reported to occur in only five children (3% of total) which is similar to the reported rate for 198 

adults. Additionally, injury to the supraorbital nerve during surgical dissection can lead to 199 

transient forehead numbness with rates being reported up to 7.5% in mixed adult and pediatric 200 

cohorts.2,9 This is often avoided surgically by planning the medial extent of the incision to be at 201 

or just including the supraorbital notch, placing the supraorbital bundle outside the dissection 202 

pathway. No supraorbital palsies were reported in this review of pediatric patients. While there is 203 

an associated risk of frontal sinus injury with the supraorbital keyhole approach, the small frontal 204 

sinus in children mostly obviates this risk and it can be generally be easily avoided with 205 

preoperative planning.7,9,51  206 

Another concern postoperatively is CSF egress which may lead to issues with wound 207 

healing, rhinorrhea, infection, or development of pseudomeningocele.52 The reported rates of 208 

CSF rhinorrhea after the supraorbital approach ranged from 0% to 9% in adults.18,53 In this 209 

systematic review, only three cases of CSF rhinorrhea were reported in the pediatric literature 210 

out of all studies (2%).7,44,50 Lastly, development of a pseudomeningocele can be of concern for 211 

cosmetic and wound healing reasons. General prevalence postoperatively has been reported to be 212 

0.07% to 2% in adult patients.54 In pediatric patients undergoing elective craniotomy surgery not 213 

specific to supraorbital keyhole approach, one study reported 84 pseudomeningoceles in 82 (5%) 214 
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patients out of a total of 1648 craniotomies, with 60% of these lesions found to require some 215 

form of intervention.55 This review found 5 cases of subgaleal CSF collection, all from the same 216 

series,44 which resolved within 2 weeks through combined medical therapy and bandaging.  217 

Rates of postoperative wound healing complications reported in this systematic review 218 

are similar to previously reported incidence for supraorbital approaches which is approximately 219 

1%.6 Wound closure for the supraorbital approach can be relatively simple as compared to other 220 

surgical approaches. First, the dural leaflets are reapproximated primarily. Then, efforts to 221 

maintain the supraorbital ridge include replacing the bone flap with a titanium burr hole cover 222 

under the temporalis and two low profile titanium squares. Lastly, the pericranium and muscle 223 

flap are closed. For the dermal closure, fine suture should be used such as a 5-0 prolene 224 

subcuticular stitch throughout. To reduce subgaleal edema, a tight head wrap can be used during 225 

the first postoperative day.18 It is important to consider that cosmetic outcome and postoperative 226 

wound healing could be related to the frontotemporal incision or the craniotomy itself.56 227 

 Overall, these low rates of complications are likely direct results of the minimally 228 

invasive nature of this procedure, as the supraorbital keyhole approach gives access to the frontal 229 

skull base while allowing for minimal brain exposure and retraction. This creates more 230 

protection as less intracranial tissue is exposed to the surrounding environment and potential 231 

irritants.18 With endoscopic assistance, the small working operative window can be further 232 

resolved.57 In this systematic review, nine studies7,40,41,43-48 reported the use of neuroendoscopy. 233 

When considering cosmetic outcomes, this study found favorable results. It is important 234 

to consider that as patients are young in age, there is concern that even small postoperative 235 

scarring can present concerns of disfiguring the face as patients grow older in age.17 In this 236 

systematic review, some incisions of the supraorbital approach were made above the superior 237 
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edge of the eyebrow while some studies had incisions made within the eyebrow. Postoperative 238 

scar visibility decreased significantly after six weeks, with scars being completely not visible in 239 

all cases at three to six months follow up. This excellent cosmetic outcome could be related to 240 

the age of the patients, as pediatric patients are continually growing and may have better skin 241 

adaptability in wound healing. Additionally, there is adequate blood supply from the superficial 242 

temporal artery to the eyebrow region which could contribute to advantageous wound healing in 243 

this anatomical location.58 Even with this good outcome with respect to scar visibility, it is 244 

important to consider that a small number of complications occurred that could affect cosmetics 245 

besides outcome of the scar. Bone defects were observed in five patients, a split eyebrow 246 

observed in one, ptosis in another, and a postoperative complete third nerve palsy persisting at 247 

one year follow-up for one patient.  248 

 249 

Limitations 250 

This review suffers from several limitations. All included studies were retrospective with  251 

no prospective studies that directly compared between the keyhole minimally invasive 252 

approaches and traditional open craniotomy directly. Future prospective comparative studies 253 

may be used to truly elucidate the benefits of this modality of treatment. Additionally, this 254 

supraorbital approach is a highly technical surgical technique that requires extensive surgeon 255 

expertise and experience. Thus, the results of these published studies may be biased towards 256 

positive outcomes. Although the incision location included in these studies were relatively 257 

similar, the incision length was not reported in many and may be of interest to future analyses. 258 

Additionally, there is heterogeneity with respect to how the supraorbital keyhole craniotomy was 259 

performed in pediatric patients, as all included studies reported slightly different operative 260 
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procedures and likely was heterogenous with respect to the intraoperative instruments and 261 

facilities used to perform the surgery. This may produce variability in anticipated cosmetic and 262 

postoperative clinical outcomes and further lowers the quality of this review. This also limits our 263 

study in that statistical analysis was unable to be performed. Finally, as rates of STR were 264 

reported in the studies, these approaches were often planned before surgery. Limitations of these 265 

chosen approaches were not readily available in the articles and should be the focus of future 266 

studies. 267 

 268 

 269 

CONCLUSION 270 

The supraorbital keyhole craniotomy appears to be a safe and effective minimally 271 

invasive approach to access the parasellar region in pediatric patients while also resulting in 272 

acceptable cosmetic outcomes. This review suggests that the supraorbital keyhole approach is a 273 

promising technique for the pediatric neurosurgeon, which offers advantages of less exposure of 274 

cerebral tissue and brain retraction for access to intracranial areas. Further prospective 275 

comparative studies should be performed to provide more conclusive evidence and to better 276 

characterize clinical outcome when compared to traditional open craniotomy.   277 
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FIGURE LEGEND 457 
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Figure 1. PRISMA Flow Diagram Showing Selection Process for Included Studies. 459 
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Table 1. Summary of studies reporting sample size, study design, and evidence level.  

 
Authors, Year Total Subject Number Study Design NOS Assessment Grade 

de Oliveira et al41, 2018 8 Case Series  6/9 

Benifla et al42, 2016 14 Case Series  6/9 

Elkheshin et al44, 2017 25 Case Series  6/9 

Dlouhy et al7, 2015 54 Case Series 6/9 

Jallo et al34, 2005 27 Case Series  6/9 

Bognár et al33, 2003 26 Case Series  5/9 

Noggle et al43, 2008 3 Case Series 6/9 

Kabil et al45, 2007 2 Case Series 6/9 

van Lindert49, 2008 2 Case Series 6/9 

Barkley at al46, 2019 1 Case Report 6/9 

Krahulík et al39, 2015 1 Case Report 5/9 

Wait et al47, 2011 1 Case Report 6/9 

Rosen et al40, 2008 1 Case Report 5/9 

Adawi et al50, 2015 3* Case Series 6/9 

Jian et al48, 2014 9* Case Series  6/9 

*Only pediatric patient data extracted from mixed adult and pediatric patient studies. 
NOS-Newcastle-Ottawa Scale 
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Table 2. Studies with sample size, age, gender, follow-up, resection rate, scar visibility, and cosmesis complications. 

 
Author, Year  Subje

ct 
Mean age in years 

(range) 
Gender 
(M/F) 

Mean Follow up in Months 
(range) 

Scar Visibility Cosmesis 
Complications (n) 

de Oliveira et al41, 
2018 

8 10 (2-16) 6/2 23 (12-36) Barely visible at 6 
weeks 

Minor forehead bone 
defect (2) 

Benifla et al42, 
2016 

14 8.6 (3-16) 7/7 - Not visible Split eyebrow (1) 

Elkheshin et al44, 
2017 

25 6.7 (1-14) 13/12 24 (6-60) - - 

Dlouhy et al7, 
2015  

54 9.6 (1.5-16) 35/19 107 (6-192) Barely visible at 6 
weeks 

Minor forehead bone 
defect (3) 

Frontalis nerve palsy 
(5) 

Jallo et al34, 2005 27 10 (1-16) 11/16 26 (2-72) Visible at 6-8 week 
Not visible at 3-

6mo 

None 

Bognár et al33, 
2003 

26 6.6 (1-16) - - - None 

Noggle et al43, 
2008 

3 8 (6-10) 2/1 12.3 (5-20) None None 

Kabil et al45, 2007 2 6.4 (9mo-12) 1/1 - - None 

van Lindert49, 
2008 

2 12 (8-16) 2/0 36 Barely visible None 

Barkley et al46, 
2019 

1 6 1/0 6  None None 

Krahulík et al39, 
2015 

1 3 1/0 6  None 1mm of ptosis (1) 

Wait et al47, 2011 1 5 0/1 18 - Oculomotor palsy (1) 

Rosen et al40, 
2008 

1 8 1/0 - - None 

Adawi et al50, 
2015 

3* 9 (2-13) 2/1 (6-24) Barely visible None 

Jian et al48, 2014 9* 12.3 (9-16) 5/4 66 (8.4-156) - - 

*only pediatric patient data extracted from mixed adult and pediatric patient studies. 
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Table 3. Studies with sample size, incision location, endoscopic assistance, lesion location, diagnosis, CSF leak, and complications. 

 
Author, Year Subject 

Number 
Incision 
Location 

Endoscopic 
Assistance 

Diagnosis (n) Lesion location (n) CSF 
Leak 

Complications (n) 

de Oliveira et 
al41, 2018 

8 Above 
eyebrow 

Y Craniopharyngiomas 
(8) 

Hypothalamic 
involvement (5)   

0 Vision changes (1) 

      
Abutting 

hypothalamus (3) 

 
Chronic subdural 

hematoma (1)        
 

 
Subdural hygroma 

(1)           
Benifla et al42, 
2016 

14 Above 
eyebrow 

N Epidural hematoma (9)  Left epidural 
hematoma (9) 

N/A Epidural hematoma 
(1)       

Epidural Abscess (2) 
Right Metastatic 

Left intra-axial tumor 
(1) 

  

     
medulloblastoma (1) Left epidural 

abscess (2)  

  

     
Glioblastoma (1) Right frontal 

encephalocele (1) 

  

     
Frontal Encephalocele 

(1)  
Right intra-axial 

tumor (1) 

  

Elkheshin et 
al44, 2017 

25 Above 
eyebrow 

Y Symptomatic 
arachnoid cysts (25)  

Left temporal lobe 
(25)  

1  Seizure (1)  

        
Subgaleal CSF 
collection (5)           

Dlouhy et al7, 
2015  

54 Within 
eyebrow 

Y Craniopharyngiomas 
(39)  

Suprasellar (41)  1 Vision changes (3)   

     
Glioma (6)  Optic 

pathway/hypothalam
us (7)  

 
Anosmia (1)   

     
Dermoid tumor (2)   Cerebral peduncle 

(3)  

  

     
Hypothalamic 
hamartoma (2)  

Parasellar (1)  
  

     
Neurenteric cyst (1)  Orbit (1)  

  
     

Compound skull 
fracture  (1)  

Prepontine cistern 
(1)   

  

     
Pituitary 

macroadenoma (1)  
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Cavernoma (1)  

   
     

Medulloblastoma (1)  
   

Jallo et al34, 
2005 

27 Above 
eyebrow 

N/A Hypothalamic-optic 
glioma (8) 

Suprasellar (10)   0 Vision changes (1) 

     
Craniopharyngiomas 

(4)  
Optic chiasm (4)  

 
Wound infection (1) 

     
Dermoid tumor (4)   

Other (4) 
Sylvian fissure (2)   

  

     
Arachnoid cyst (3)  Pituitary stalk (2) 

  
     

Neuronal tumor (2)  Frontobasal (2)  
  

     
Hypothalamic 
hamartoma (1) 

Optic nerve (2) 
Frontal (1)  

  

      
Olfactory groove (1)  

  
     

CSF fistula (1)  Ambient cistern (1)  
  

      
Parasellar (1)   

  
      

Intrasuprasellar (1) 
  

      
Hypothalamus (1)  

  

Bognár et al33, 
2003 

26 Above 
eyebrow 

N/A Optic glioma (6)  Anterior fossa (16)  - Wound infection (1)  

     
Craniopharyngioma 

(4)  
Middle fossa (10)  

  

     
Cholesteatoma (4)   

   
     

Arachnoid cyst (3)    
   

     
Epidural abscess (3)  

   
     

Frontobasal 
neuroblastoma (1)  

   

     
Metastatic 

pineoblastoma (1)  

   

     
Teratoma (1)  

   
     

Neurocytoma (1)  
   

     
Ganglioglioma (1)  

   
     

Neuroblastoma (1)  
   

     
Hypothalamic glioma 

(1) 

   

     
Repair of CSF fistula 

(1)  

   

Noggle et al43, 
2008 

3 Above 
eyebrow 

Y Hamartoma (1) Right frontal (3)  - Wound infection (1)  

Kabil et al45, 
2007 

2 Within 
eyebrow 

Y Congenital arachnoid 
cysts (2)  

Middle cranial fossa 
(2)  

- None  
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van Lindert49, 
2008 

2 Within 
eyebrow 

N Shunt-dependent 
hydrocephalus (2)  

Ventricular system 
(2)  

- None  

Barkley et al46, 
2019 

1 Within 
eyebrow 

Y Mature teratoma (1)  Suprasellar (1)  - None  

Krahulík et al39, 
2015 

1 Within 
eyebrow 

- Dermoid tumor (1)  Left inferior orbit (1)  - None  

Wait et al47, 
2011 

1 Within 
eyebrow 

Y Neurenteric cyst (1)  Proximal third nerve 
(1)  

- Postoperative 
meningitis (1)  

Rosen et al40, 
2008 

1 Within 
eyebrow 

Y Epidural abscess (1)  Medial anterior 
fossa (1)  

- Forehead 
numbness (1)          
Epidural fluid 
infection (1)  

Adawi et al50, 
2015 

3 Within 
eyebrow 

- Nonspecific 
granuloma, (1)  

- 1  Supraorbital 
hypothesia (1)       

Dermoid tumor (1)  
  

Wound infection (1)       
Plexiform 

neurofibroma (1)  

  
CSF fistula (1)  

Jian et al48, 
2014 

9 Within 
eyebrow 

Y Thickened pituitary 
stalk (1) 

- - Increased stalk 
enlargement (1) 

CSF-cerebrospinal fluid 
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Table 4. Achieved resection rates based on lesion  
 

 

*resection rates reported in totality, not by individual lesion type  
GTR-gross total resection; STR-subtotal resection  

Authors, Year Total Patients  Reported Lesions GTR n(%) STR n(%) 

de Oliveira et al41, 2018 8 Craniopharyngioma 3/8 (38) 5/8 (63) 
Benifla et al42, 2016 1 Glioblastoma 0/1 (0) 1/1 (100) 
Dlouhy et al7, 2015* 51 Craniopharyngioma 44/51 (86) 7/51 (14)  

  
 

Glioma 
  

 
  

 
Dermoid tumor 

  
 

  
 

Hypothalamic Hamartoma 
  

 
  

 
Pituitary Macroadenoma 

  
 

  
 

Medulloblastoma 
  

Jallo et al34, 2005 17 Craniopharyngioma 1/2 (50) 1/2 (50)  
  

 
Hypothalamic-optic glioma 1/8 (13) 7/8 (88)  

  
 

Hypothalamic hamartoma 0/1 (0) 1/1 (100)  
  

 
Medulloblastoma 1/1 (100) 0/1 (0)  

  
 

Metastatic Neuroblastoma 1/1 (100) 0/1 (0)  
  

 
Dermoid tumor 4/4 (100) 0/4 (0) 
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CSF, cerebrospinal fluid; MIS, minimally invasive surgery; GTR, gross total resection; STR, 

subtotal resection 
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