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INTRODUCTION : 

Craniopharyngioma: 

“One would expect these congenital epithelial tumors to be capable of 

enucleation like Dermoid cysts elsewhere in the body, but they so definitely adhere to 

the adjacent structures neighboring on their place of origin, it is rarely possible to 

shell them out of their bed without the production of serious secondary symptoms. To 

be sure, one may occasionally succeed in stripping out a thin-walled cyst, and 

examples of this have been reported, but when the tumor is partly solidified, and 

calcareous, sad experience warns the surgeon to leave it pretty much alone.” Harvey 

Cushing, 1932. (1) 

“Though this tumor is still an ominous disease, it seems fair to say, that the 

outlook has improved considerably.” (2) 

Craniopharyngiomas are rare CNS tumors defined by WHO as benign, partly 

cystic epithelial tumor of the sellar region presumably derived from Rathke’s pouch 

epithelium. While it is benign in nature, the adhesion to surrounding structures may 

result in damage to sellar and parasellar tissues during surgery and hence it is called 

“Benign Tumor in a malignant location.” (3) 

However due to introduction of hormonal therapy has allowed optimal 

correction endocrinal deficiency, and improvement in radiation and microsurgical 

techniques have improved survival enormously, it is the quality of survival that has 

become real challenges. 

The results of the published studies of neuropsychological outcome in children 

are often conflicting and controversial. However surgical approaches of 

craniopharyngioma need to be addressed with regards to neuropsychological outcome.  

This study serves the above mentioned purpose.
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AIM AND OBJECTIVES 

 

To study different outcome especially neuropsychological outcome of different 

transcranial approaches for craniopharyngiomas. 
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REVIEW OF LITERATURE 

Epidemiology:  

Incidence: The data from 15 population-based craniopharyngioma studies, which 

included over 1000 cases, suggested the estimated incidence to be 1.34 patient per 1 

million people. (4)  

In the US during 2005-2009, 0.9% of new cases were reported in the 

population, with a higher percentage among people in the age group of 0 to 14 years, 

that is 4.1%. (5)  

Age predilection: Craniopharyngiomas show a bimodal age distribution with a peak 

incidence at ages 5-14 years and then again in the elderly population at around 65 

years of age. (6) However, cases have also been reported in, as young as, the prenatal 

period, and as old as, in the 9th decade of life (7,8). 

Geographic location : Highest incidence has been reported in African and Asian 

population. (6) Nigerian study reported 38% intracranial Tumor harbored by the 

pediatric population was craniopharyngioma during 1985. The above statistics may be 

biased because of poor diagnostic modalities. (9,10).  A Japanese study, Mori and 

Kuriska 1986 reported 5.8% of craniopharyngioma with 12.5% in children. (11). 

Cheng et al in 2012 reported a craniopharyngioma incidence of 6.5% in China. (5) 

Environmental and familial factors: No environmental risk factors have been found to 

be associated with craniopharyngioma. There is no clear familial tendency associated 

with it. However, 3 case reports showed the occurrence of craniopharyngioma in 

siblings and one in the first cousin. This may suggest an autosomal recessive trait 

associated with tumor occurrence. But overall craniopharyngioma is a rare and 

spontaneous occurrence. (6,12,13)  

Pathophysiology: 

Histologically craniopharyngioma can be divided into two class- 

adamantinomatous which occupy major component and papillary. Both are derived 

from Rathke’s pouch epithelium. 
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Adamantinomatous craniopharyngioma occurs predominantly in the pediatric 

population. Grossly, it shows calcification and is solid-cystic in nature. It contains a 

cholesterol-rich motor oil like fluid which is corrosive in nature if it comes in contact 

with the normal parenchyma. Microscopically, solid part shows a palisading 

arrangement of columnar cell layers that encase loose stellate epithelium and 

desquamated epithelial cells, also called wet keratin. Rosenthal fibers are also seen at 

the interface of the tumor with the normal parenchyma, which shows gliosis. (14) 

Adamantinomatous craniopharyngioma is believed to arise from tooth forming 

epithelium stomodeum, which somehow undergoes neoplastic changes. These cells 

become trapped in the craniopharyngeal duct. This theory is called “embryogenic 

theory of craniopharyngioma development”. This embryogenic basis may explain the 

reason for Adamantinomatous craniopharyngioma being common in the pediatric 

population and also for the presence of calcifications in it. (14,15)  

Papillary craniopharyngioma is primarily seen in the adult population. The 

tumor is more solid and uniform in nature with a fibrovascular core. It also contains 

wet keratin as described above but squamous epithelial cells are well differentiated. 

This variant typically lacks calcification and contains less cystic intratumoral fluid. 

(16) 

The embryological basis of the origin of papillary tumor is explained by 

metaplastic theory. Pars Tuberalis contains adenohypophyseal cells which undergo 

metaplasia and form papillary craniopharyngioma. In short, Adamantinomatous 

craniopharyngioma originated from neoplastic changes in the epithelial cell in 

craniopharyngeal duct and Papillary craniopharyngioma arise from cells in 

craniopharyngeal duct undergoing metaplastic changes. Therefore, it is usually rare in 

young patients as it will take time to undergo metaplasia. (14,15,17) 

Recently, the origin of craniopharyngioma is believed to be a combination of 

the above two hypotheses. Szeifert et. al., reported 131 craniopharyngioma patients in 

which 15% contained both squamous (Papillary) and Adamantinomatous features 

(18). 
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Figure 1: Histological sections of craniopharyngioma. A-C, Adamantinomatous type 

consisting of epithelial lobules with loose stroma, wet keratin (WK), calcifications 

(Ca) and peripheral palisading epithelium (PE). D-F, Papillary type consisting of 

sheets of well-differentiated non-keratinizing squamous epithelium (SE) in a papillary 

configuration, with a broad fibrovascular core (FC). Magnification is indicated on the 

left. (Courtesy of Jiang Qian, MD, PhD; Albany Medical Center Department of 

Pathology 

A historical aspect: 

Before 1900: In a Dutch village of Voorsanti in 1590, an 18-year-old girl had 

died. She had history of polyuria and she had become blind before her death. Her 

father asked the anatomist Pieter Pauw (1564-1617) at the University of Leyden to 

perform private autopsy – a request not common in society during that era (19). Until 

world war I diabetes insipidus was believed to be of renal origin. Thus, it is 

supposedly the first example of craniopharyngioma being reported indirectly in the 

literature. Though in that era, it was difficult to prove the diagnosis. 

Bonet of Geneva in 1679 described a child with a cystic tumor which seemed 

to originate from infundibulum and contained 1000ml of fluid within, as reported by 

Zenker. (20) He also described another case with large cyst derived from the pituitary. 
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Boyce and Beadles are the first to publish a systematic case series of pituitary tumor 

including sellar tumor which may include craniopharyngioma. 

First detailed description of histopathology of the tumor was given by Mott 

and Barratt. They reported 3 cases with ventricular extension and one of them was 

large multiloculated cystic tumor with hydrocephalus and displacement of the optic 

chiasma. (21)    

Later Saxer described a 46-year-old male with a large infundibular tumor but 

normal pituitary gland. From his description, the tumor seems to be papillary 

craniopharyngioma. (22)   

After 1900: In 1904, Jocasta Erdheim (1874-1937), a pathologist at General 

Hospital, Vienna provided the detailed knowledge about craniopharyngioma by 

various publications. He performed an autopsy on an elderly woman who died of 

Graves’ disease and cardiac insufficiency.  As he was interested in the fat cell in 

pituitary he performed autopsy and pituitary was closely observed. He had found a 

small cyst on anterior pituitary lined with cuboidal/ squamous cell. It was different 

from Rathke’s cyst. He has noted this thing had never been reported before so decided 

to explore this pathology and study on it. (23) 

Erdheim was aware of the origin of pituitary that anterior lobe arises from 

craniopharyngeal duct, the cranial part of ectodermal epithelium from primitive 

mouth called stomatodeum. He also contributed similar origin in the thyroglossal 

duct. Hence, he called it hypophysenganggeschwulste (Tumor of the hypoglossal 

duct). (23) 

For many years, Erdheim’s presumption of craniopharyngioma origin was 

accepted. In 1932, Harvey Cushing used the term Craniopharyngioma. However, he 

was not the first to use this term and he stated that the “cumbersome” word 

encompassed” the kaleidoscopic tumors, solid and cystic in nature, which take their 

origin from epithelial rests ascribable to an imperfect closure of the hypophysial or 

craniopharyngeal duct’. (1) 
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Treatment:  

A.E Halstead performed the first known operation for craniopharyngioma on a 

39-year old patient in Chicago during 1909, who presented with headache and 

progressive bitemporal hemianopsia.  He used transsphenoidal approach and blue 

colored mass was excised following which the patient was improved. Pathological 

description of the tumor led the surgical team to conclude that this was an “epithelial 

tumor developing in Sella turcica from the fragment of undifferentiated epithelium 

developing from craniopharyngeal duct”- an Erdheim tumor. (24)  

Cushing had also been among the first to operate Craniopharyngioma by trans 

sphenoidal route. He evacuated the cyst containing motor oil fluid, rich in cholesterol 

crystals. He also reported Cerebro-spinal fluid leak with meningitis in that patient, 

from which the patient recovered. Practically, a normal vision was regained and was 

preserved until 10 years. He operated again for the recurrence in that patient.(1) 

Thus, the outcome in the patient undergoing surgery was gratifying. However, 

it soon became clear that the long-term outcome was disappointing. In Cushing series, 

the mortality after surgery was 15%, much higher than pituitary adenoma. 

The first operation was performed via trans sphenoidal route, but craniotomy, 

soon, became the procedure of choice.  Halstead chose to operate by transsphenoidal 

route due to his belief that the patient had pituitary adenoma. While Cushing 

approached such lesions via transsphenoidal route initially, he preferred transcranial 

route in his subsequent cases. He concluded that the morbidity of the trans nasal 

technique was high. So trans-cranial approach became more popular including 

supraorbital pterional, trans-petrosal, trans-tentorial, and sub frontal approaches. (25)   

A renewed interest in trans sphenoidal surgery began in 1960 led by Jules 

Hardey and Guiot with their utilization of video fluoroscopy. The endonasal approach 

for craniopharyngioma was further supported by a case series by Edward laws in 

1980. Gardener described expanded endonasal endoscopic approach, in view of the 

wide corridor and better resection. (26,27) 

The reported operative mortality rate was very high during 1927-1949, almost 

reaching as high as 41% and 22% mortality was reported due to the recurrence of the 
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tumor. Other case series reported 33% during 1936-1947, 29% during 1929-1945. 

(28–(2)30) 

A major reason for the high mortality was unavailability of steroids and its 

significance was not given due importance. Once corticosteroid was available in 

1950s, the operative mortality significantly reduced. However, morbidity remained 

high. In larger series after the 1950, mortality was reported to be 10-40%. A Swedish 

neurosurgeon, Olivecrona, operated 107 craniopharyngioma cases and reported useful 

survival accomplished in only one-third of the patients. (31,32) While complete 

surgical excision may provide a cure, it may also be accompanied by significant 

morbidity. The surgical paradigm has therefore shifted so that, gross total resection 

was the goal only when obtainable, and adjuvant therapies have started to play a 

larger role in the treatment. 

The first report regarding the use of radiation in the management of 

craniopharyngioma was published in 1930 by Carpenter. (33,34) Now, conventional 

radiotherapy has clearly shown its effectiveness in controlling tumor growth, when 

given either immediately after subtotal resection or as salvage therapy. Minniti et al 

noted that craniopharyngioma recurrence after subtotal resection may approach up to 

85%.  However, several large series documented local control rate of about 77-89% at 

10 years and 20 years local control rate of 54-79%, when radiotherapy is administered 

after surgery. (35)  

Regarding Stereotactic Radiosurgery, Gopalan et al assessed the outcome after 

radiosurgery between 1995-2005 and concluded that radiotherapy is valuable in 

controlling tumor growth. (37) Fractionated stereotactic radiotherapy and stereotactic 

radiosurgery have the potential benefits and lesser side effects, but further studies 

require to confirm. Intracavitary irradiation can also be utilized for predominantly 

cystic craniopharyngioma. (36) 

Chemotherapy has also demonstrated promise as another adjunctive treatment 

for craniopharyngioma, however, overall application is limited. (38) 

Concurrent with progress in imaging and surgical techniques, medical 

substitution treatment has also improved including stunted growth which was most 
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common complication previously. Although this tumor is still an ominous disease, it 

seems fair to say that the outlook has improved considerably. 

 

Figure 2: perioperative mortality based on selected series of craniopharyngioma 

patients (n>10), published within the date range provided.(2)  

Presentation and modern disease course: 

Craniopharyngioma commonly presents with the mass effect on adjacent 

structures and local invasion. This causes distortion of sellar, parasellar space, 

chiasma, pituitary apparatus, hypothalamus, and ventricular system. So, most 

common presentations are vision changes, endocrine changes and symptoms related 

to increased intracranial pressure. (40) 

Karavitaki et al reported that adults presented commonly with visual 

disturbance, but children commonly presented with increased intracranial pressure, 

endocrine dysfunction and headache. Headache from raised intracranial pressure is 

the most common complaint, occurring 60% to 75% of patients. Visual symptoms are 

noted in approximately half of the children. Hypothalamic and endocrine dysfunction 

such as short stature, delayed puberty, weight gain and diabetes insipidus are present 

in 20% to 50% of children at diagnosis. (17) (4) 
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Overall, those patients with endocrinopathies seek medical attention after a 

long duration of symptoms. In a review of 122 cases, the median time between initial 

symptoms and diagnosis was 27 months, with a maximum of 15 years. (41) 

Evaluation and Management:  

Evaluation of craniopharyngioma patients is similar to the workup of other 

sellar mass. It includes endocrine evaluation (Pituitary hormones), neuro-

ophthalmological evaluation (visual acuity, field testing by perimetry) and imaging 

study i.e., MRI with contrast (with both coronal and sagittal view reconstruction 

required). Around 80% of children have demonstrated abnormal visual acuity or field 

on preoperative testing. The specific visual deficit depends on the direction of growth 

of the tumor and its compression of various portion of optic nerves. Various level 

optic nerve compression results in loss of visual acuity and chiasmatic compression 

results in bitemporal hemianopsia. Less than 30% of children are endocrinologically 

normal at diagnosis. Growth hormone deficiency is the most common finding, present 

up to 75% of children.  Gonadotropin and thyroid or adrenal dysfunction is seen in 

approximately one-third of children. 

Tumor classification:(42) 

Hoffman et. al., classified craniopharyngioma in intrasellar, prechiasmatic, and 

retrochiasmatic. 

Samii divided craniopharyngioma depending on ventricular extension:  

I-purely intrasellar 

II-cistern =/- intrasellar component 

III-lower half of third ventricle. 

IV-upper half of third ventricle. 

V-extend in to lateral ventricle. 

Kassam et al proposed classification depending on relation with stalk- 
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I- Pre-stalk 

II- trans stalk. 

III- Retro stalk 

IV- Metastalk involving basal ganglia even middle cranial fossa. 

V- Ectopic type located in paranasal area, third ventricle, forth ventricle. 

Yasergil et al in 1990 classified craniopharyngioma in relation with diaphragm 

Purely intrasellar-infradiaphragmatic 

Intra- and suprasellar, infra and supradiaphragmatic 

Supradiaphragmatic parachiasmatic,  

Intraventricular, extra ventricular and paraventricular in relation to third ventricle. 

Puget et al classified pediatric craniopharyngioma based on pre-operative 

hypothalamus involvement. (43) 

Grade 0 – no hypothalamus involvement 

Grade 1 – hypothalamus displaced by the Tumor 

Grad 2 – hypothalamus involvement. 

Imaging characteristics:  

Currently, used tools for diagnosis are MRI with contrast and CT scan. 

Occasionally, angiography may be used to see vascular relation in large tumor and for 

surgical planning. X-ray was used previously but that has been replaced by recent 

imaging methods. 

CT scan is ideal for bony anatomy as well as see the calcification of Tumor. 

Non-contrast CT scan demonstrates suprasellar and often intrasellar mass with 

calcification and hypodense cystic with isodense solid components. The density of 
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cystic component usually greater than the attenuation of CSF Contrast enhanced CT 

scan may show enhancement of solid portion as well as a cystic wall. (45,46)  

Craniopharyngiomas appearance on MR imaging depends on the solid and 

cystic component, the content of cyst i.e. cholesterol, keratin, hemorrhage) and the 

amount of calcification. Solid component may be iso to hypointense compared to 

brain parenchyma on T1 WI, the cystic component will be hypo on T1WI and 

hyperintense on T2WI. Protein and cholesterol cause high signal on T1WI while 

protein, calcification, and blood products cause low signals on T2WI. Post Contrast 

image shows enhancing peripheral rim. (47) 

Post-operative period neuroimaging is useful to evaluate the extent of tumor 

resection. Minimal flecks of residual calcification on CT scan without solid or 

enhancing tumor on postoperative MRI, do not carry an increased risk of tumor 

recurrence. 
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Figure 3: A, Axial, non- contrast CT image shows a hypo dense, suprasellar cystic 

mass measuring 20 Hounsfield units in density, with a peripheral, nodular focus of 

calcification (arrow). The calcification is not typically seen with a Rathke cleft cyst. 

B, Sagittal, T1-weighted MR image shows a lobulated, moderately hyper intense, 

suprasellar mass. C, Axial, T2- -weighted MR image shows focal hypo intensity 

(arrow) corresponding to the calcification seen on CT imaging. D, Sagittal, T1-

weighted enhanced MR image shows peripheral enhancement of the mass. The 

enhancement is not typically seen with a Rathke cleft cyst 
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Figure 4: A, Axial, T2- weighted MR image shows a complex, multi cystic, 

suprasellar mass. The cysts have variable signal intensity, primarily reflecting 

different protein concentrations. Areas of hypo intensity (arrow) are related to 

calcification. The mass splays the cerebral peduncles. B, Axial, non-contrast CT 

image shows calcifications (arrow) corresponding to the areas of hypo intensity on 

MR imaging. 
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Figure 5: A, Coronal, T1-weighted MR image shows a lobulated, suprasellar mass 

that is isointense relative to parenchyma; a cystic-appearing portion (arrow) that is 

only mildly hyper intense relative to CSF is seen superiorly. B, Coronal, T2-weighted 

MR image also shows a lobulated, suprasellar mass that is isointense to the 

parenchyma; the cystic-appearing portion (arrow) is hyper intense. C, Sagittal, T1-

weighted enhanced MR image shows mostly solid enhancement of the mass. The 

infundibulum (arrow) is not displaced posteriorly (compare to chordoid glioma, 

Figure 3.16). D, Axial, non-contrast CT image shows a mass that is isodens to 

parenchyma; no calcification is seen. 
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Adamantinom

atous 

craniopharyn

gioma 

Papillary 

craniopharyn

gioma 

Rathke cleft 

cyst 

Pituitary 

adenoma 

Glioma Meningioma Thrombosed 

aneurysm 

Age Childhood Adults All age Adult before 

puberty 

Adult Adult Adults 

Location Suprasellar Suprasellar Intrasellar Sellar,  Anterior third 

ventricle 

Planum 

sphenoidale 

Suprasellar/par

asellar 

Calcification  90% Uncommon Rare Rare Rare Occasional Rim 

Composition Solid cystic Solid Cyst Solid Solid Solid Flow void 

Enhancement Solid portion 

and cyst wall 

Heterogenous Rare Heterogenous Homogenous Homogenous Variable 

Lobulation Multilobulated Occasional Occasional In large 

adenoma 

No No Occasional 

Homogeneity Heterogenous Relatively 

homo 

Relatively 

homo 

Variable Homo Homo Variable 

Overall 

Appearance 

Heterogeneousl

y enhancing, 

lobulated, 

cystic, and 

solid supra 

sellar mass 

with 

calcification 

Solid, 

heterogeneousl

y enhancing, 

suprasellar 

mass in  

Adult 

Noncalcified, 

non-

enhancing, 

intrasellar, 

proteinaceous 

cyst possibly 

with 

suprasellar 

 Extension 

Enhancing 

intrasellar, or 

intrasellar and 

suprasellar 

mass, 

inseparable 

from pituitary  

Gland 

Homogeneousl

y enhancing, 

third 

ventricular 

Mass 

Homogeneousl

y enhancing, 

dural-based 

Mass Flow 

void, blood 

products of 

variable signal, 

blooming 

onT2* 

gradient echo 

Table 1: Imaging Characteristics of Craniopharyngioma and Other Sellar Region 

Lesions 
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Treatment:  

The goal of treatment for craniopharyngioma is permanent control or cure. 

However, the optimal treatment strategy remains controversial, with the debate 

centered on the extent of tumor resection, role of radiation therapy and other adjuvant 

therapies. 

For symptomatic lesion, surgery is preferred over to wait and watch. Literature 

reports that patients usually become symptomatic with time. Karavitaki et al reported 

12/13 became symptomatic and requires surgical intervention which was kept on 

follow up. (17) 

In case of emergency due to hydrocephalus, it may require urgent intervention 

for CSF diversion. Sometimes Omaya reservoir also placed in a cystic lesion to install 

chemotherapy in the future. 

In the interest of achieving a good outcome, the various clinician has 

developed a classification system to select the appropriate level of aggressive care. 

Puget et al proposed 3 categories based on the extent of hypothalamic involvement 

and tailored treatment plan accordingly. Some larger studies still advised aggressive 

resection as the best. (43,44)  

Surgical approaches:  Although various approaches have been described for the 

excision of craniopharyngiomas, these can be simplified into the following-a) 

transcranial and b) transnasal 

Transcranial approaches- 

  Anterior midline approach (subfrontal-tumor strictly in the midline, extended 

along anterior skull base and suprasellar location) 

  Anterolateral (pterional, orbit zygomatic- tumor located in a suprasellar cistern 

with variable lateral extension) 

  Intraventricular (trans-callosal trans-ventricular, trans-cortical trans-ventricular - 

third ventricular location) 
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Transnasal approaches- 

Endoscopic-Trans-nasal transsphenoidal and extended transsphenoidal 

approach for purely sellar type and subdiaphragmatic craniopharyngioma. 

Here, we have briefly described the transcranial approaches which we have included 

in our study. 

 a) Pterional approach: 

 

Figure 6A: An illustration of the senior author’s incision for a pterional craniotomy. A 

strip of hair is left anterior to the incision. 

 

Figure 6B: An illustration of removal of bone and dura exposure. 
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Figure 6c: an illustration demonstrating the various corridors for tumor resection after 

Dural opening in pterional approach. 

 

Figure 7: Intra-operative photograph of the pterional approach to a suprasellar 

craniopharyngioma after partial resection of the tumor. (ICA: internal carotid artery; 

ON: optic nerve; A1: First division of the ACA.) 
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B) Inter hemispheric approach: 

 

Figure 8: Inter hemispheric trans- ventricular approach.  A, A bone flap two thirds 

anterior and one third posterior to the coronal suture is cut with a craniotome. The 

frontal lobe is retracted from the falx and cingulate gyrus until the peri callosal 

arteries and corpus callosum are exposed.  B, A 2- to 3-cm callosotomy is performed 

to enter the lateral ventricle. C, the choroid plexus and thalamostriate vein are 

followed to the foramen of Monro where the tumor is identified.  The choroid plexus 

and thalamostriate vein are coagulated and sectioned.  D, the choroidal fissure is 

opened to remove the tumor. (From Mayfield Clinic, Cin- cinnati, OH.)  
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MATERIALS AND METHODOLOGY 

Study group: From the years 2017 to 2019, in the Department of Neurosurgery, 

SCTIMST, Trivandrum, we performed a prospective study to assess the difference in 

the outcome of craniopharyngioma operated trans-cranially by different approaches. 

This prospective study was started after getting IEC clearance. We included a 

qualified neuropsychologist for the detailed evaluation of pre and post-operative 

neuropsychological assessment. 

A total of 18 consecutive patients were included in this study, who met the 

inclusion criteria. All patients were divided into two groups= Group A: operated via 

interhemispheric Trans callosal approach. Group B: operated via pterional trans-

sylvian approach. We selected all symptomatic patients with an age of more than 2 

years. Results were compared in the form of neuropsychological outcome, morbidity 

as well as mortality.  All patients were followed up at 2 weeks following surgery, 1-

month, 3-month, 6-month, 1 year and later according to the clinical condition. Some 

patients with electrolyte imbalance were advised for frequent follow-up. We advised 

all patients to consult an endocrinologist for hormonal therapy once stabilized from 

the neurosurgical side. 

Inclusion criteria : 

  Age of more than 2 years. 

  Both sexes. 

  the predominant suprachiasmatic extension 

Exclusion criteria : 

  Age more than 50 years 

  Those who are presented with acute symptoms like hydrocephalus or poor 

sensorium which requires urgent management. 

  Recurrent cases excluded. 
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  Prior adjuvant therapy if taken. 

  Predominant intrasellar component which is suitable for trans-nasal trans-

sphenoidal approach. 

Funding: We have used the fund for prospective study with institutional permission 

with ref no 5453. 

Workup plan: All patients underwent basic investigations like blood group, routine 

blood investigation, X-ray chest, ECG and 2D-Echocardiography if age more than 40 

years for cardiology fitness. MRI brain with contrast if not done recently within 6 

months. On admission, we have done a CT scan to see bony anatomy, calcification 

and to rule out acute sequelae. Post-operatively, all patients underwent hormonal 

status and visual field and visual acuity charting and MRI after 6 weeks to see 

residual and decide a further plan. 

All patients underwent neuropsychological assessment. Neuropsychological 

tests were applied preoperatively, post-operative within 1 month and follow up after 3 

months. For children, we performed a ray auditory verbal learning test (RAVLT), 

visuospatial working memory span task, and Wechsler intelligence scale for children 

(WISC-IV).  For adults, we performed frontal and temporal memory subtest of 

NIMHANS battery and Wechsler adult intelligence scale (WAIS-IV). Behavioral 

observation was done in all cases. Patient(s) who didn’t co-operative for 

neuropsychological examination were also noted. Post-operative co-operation for test 

was considered significant behavioral changes. Each neuropsychological battery 

provided a score and pre-operative scores were compared with post-operative scores.  

We performed the test on OPD basis for the patients who were stable and awaited 

elective admission. Post-operatively, once a patient is out of immediate complication 

and is stable enough to co-operate for the tests, we administered the 

neuropsychological battery. For children, test was individualized by the 

neuropsychologist and the test most frequently given was also compared at the end. 

An overall rating of neuropsychological function was determined for each child, 

including assessment of intelligence, memory, language, visuospatial function, frontal 

lobe, temporal lobe function and behavior. 
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RESULTS ANALYSIS 

Patient characteristics: A total of 18 consecutive patients were included in the study 

over a period of 2 years following IEC clearance. Out of these, 9 cases were male, and 

9 cases were female. The minimum age was 3 years and the maximum age was 34 

years. The mean age was 14.31 years. In Inter-hemispheric group, 6 males and 2 

females were present, while in pterional group, 3 males and 7 females were present. 

Clinical course: The most common presentation in this study was headache (14 

patients) followed by vomiting (8 patients), visual disturbance (10 patients), hormonal 

disturbance (5 patients). 2 cases were detected incidentally, one following trauma and 

other, while undergoing evaluation for headache. 

The mean duration of symptoms was 8.5 months (less than 1 month to 36 months). In 

Inter-hemispheric group, the mean duration of symptoms, at admission, was 3.4 

month (less than 1 month to 6 months). In pterional group, the mean duration of 

symptoms was 13.82 months (less than 1 month to 36 months) 

A) Hydrocephalus: 7/8 cases in the interhemispheric group showed hydrocephalus, 

while 5/10 cases in pterional group demonstrated hydrocephalus. In 

Interhemispheric group, lesions were mostly confined within 3rd ventricle with a 

predominant suprasellar component, which is the probable cause of 

hydrocephalus. 

B) Seizure: only 1 patient presented with seizure in which tumor size was more than 

3 cm in all direction. 

C) Endocrine deficiency : 2 pediatric patients were evaluated for short height and 

were found to have low GH as well as low IGF value. 10 patients had low 

cortisol value below 10mcg/dl (cut off for normal). All patients were given 

steroid supplement peri operative and post-operative period. 

D) DI: 3 patients had polyuria and polydipsia preoperatively. However, electrolyte 

imbalance was not found on evaluation. 
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Surgical characteristics:  8 patients underwent excision using Interhemispheric 

transcallosal and 10 cases underwent excision by pterional approach. All patients 

underwent gross total excision. 

Intra operative events: No major intra-operative events were noted, including neuro-

vascular injury.  

Post-operative morbidity: Almost all cases had developed Diabetes Insipidus post 

operatively. In the acute stage due to major fluctuation in Sodium balance, we have 

managed with vasopressin SC or IV doses along with the oral fluid correction. Almost 

all patients were started oral feed as soon as they are out of the post-anesthesia effect. 

In case of a pediatric patients who were unable to take orally, we preferred to put 

Ryle’s tube (nasogastric tube) along with IV fluid supplementation for correction of 

fluid. Once the patient was stable and maintained electrolytes balance with oral 

correction he/ she was planned for discharge. 

Post-operative mortality: One patient expired in our study in an interhemispheric 

group. Post-operatively, his GCS remained low and he was tracheostomized and was 

given aggressive treatment. However, due to severe hypothalamic dysfunction, he 

could not survive beyond post-operative day 5.  

Neuropsychological characteristics:  

In interhemispheric group, subject-4 was not cooperative pre-operatively but 

after the surgery, his behavior improved. So, postoperative and subsequent follow up 

neuropsychological evaluations were done. One subject had significant loss of vision 

in both the eyes, so the neuropsychological evaluation could not be performed. So, for 

6 patients (out of 8) neuropsychological data was available for comparison which is 

plotted on a graph. 

In pterional group, 1 subject was lost for follow up after surgery due to 

personal reasons. So only 9 subjects were available for neuropsychological 

evaluation. Available data is plotted on graphs as shown below.  
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Memory: function for Temporo- parietal lobe 

Digit span:  Memory span is the longest list of items that a person can repeat back in 

correct order immediately after presentation of 50% trial, which may include 

numbers, words, etc. It is called digit span, when it includes the numbers. It measures 

short term memory. It measures working memory’s number storage capacity. In the 

interhemispheric group and pterional group, digit span score seems to be increased. 

Patients were able to retain more number, which was suggestive of improvement in 

working memory. However, pre-operative and post-operative score of digit span had 

no significant difference statistically. 

Paired association: Paired association is the ability to remember and recall specific 

events paired with the context in which they occurred. It assesses episodic memory. It 

measures temporal lobe function. It is improved in the interhemispheric group. Neural 

plasticity is the basis of associative memory formation. (54)  

RAVLT (Rey Auditory Verbal Learning Test):  It evaluates a wide group of functions: 

short term auditory-verbal memory, rate of learning, learning strategy, retention of 

information and difference between learning and retrieval. It is impaired in medial 

temporal injury. Temporal lobe retractions are common during pterional trans-sylvian 

approach. So, there is a high chance of auditory verbal learning dysfunction. 

However, in our study, there was an improvement in the interhemispheric group and 

pterional group, except in one patient, in whom immediate and delayed recall was 

decreased after surgery. This patient had a viral infection and hospitalized for another 

reason not related to surgery and was on recovering phase during the examination.  

Ray figure complex: It measures incidental memory. Here, the patient sees an image 

and then draws that image from his memory (recall). It assesses visuospatial ability, 

memory, attention, working memory, and executive function. It includes both 

immediate and delayed recall. In both the interhemispheric and Pterional group, it 

showed improvement after surgery. 

Frontal lobe and executive function test: 

Test for attention: a) focused attention by the color trail test. The test consists of two 

parts called Trail A, and Trail B. First part includes connecting dots as rapidly as 
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possible. The second part consist of connecting the alternate number with alphabets. 

This provides information about visual search speed, scanning, processing speed and 

mental flexibility. It is an important component of cognitive function. Both 

Interhemispheric and pterional group showed improvement in executive functions 

post-surgery. 

B) Digit vigilance test (test for sustained attention): This measures rapid visual 

tracking and accurate selection of the target. It focuses on alertness and focused 

concentration while giving fewer demands on other components – capacity and 

selectivity. In interhemispheric and pterional groups, digit vigilance error reduced 

after surgery.  

C) Triads: (Test for divided attention): Here, two different stimuli are delivered to the 

patient and how accurate an attention to both the stimuli the patient is giving, is 

measured by triad test. 

D): Digit symbol substitution test: This another set of tests measures the speed of 

processing, sustained attention and visual-spatial skill. It also used in Wechsler adult 

intelligence score. Improvement is seen after surgery in the interhemispheric and 

pterional group. 

Test for working memory:  

a) it includes N back visual and N back verbal memory test (verbal and visual 

working memory). Working memory measures limited capacity that is responsible for 

temporarily holding information available for processing. It is useful for the short-

term memory.  

b) self-ordered pointing test: The self-ordered pointing test (SOPT) was developed by 

Petrides and Milner (1982) as a test of working memory for patients with frontal lobe 

lesions (55). The task includes a set of pictures of familiar objects or abstract designs, 

arranged in a grid. These are presented in a different spatial arrangement on each trial 

and the participant is required to point to a different picture every time. The test 

requires executive abilities to organize and carry out a sequence of responses as well 

as to retain and constantly monitor the responses made. Post-operative score in the 

pediatric patients was reduced for verbal and visual working memory test but 
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improved on follow up examination, suggestive of no deterioration on follow up in 

both study group after surgery. 

Strop test: It is an important component of executive function of frontal lobe mediated 

by anterior cingulate gyrus. Strong inhibition and attention is required for this test. 

Post-operative score in the interhemispheric group and in a pterional group showed 

improvement. 

Test for executive function: It includes a) Fluency test and b) Category Fluency-

Animal names test. This measure executive function of the frontal lobe. Postoperative 

improvement was seen in interhemispheric and pterional group following surgery.  

IQ test: WISC IV: verbal intelligence was assessed using the Wechsler intelligence 

scale for children which itself contains multiple components. The intelligence 

quotient score was calculated from the score. (56,55) We noticed no deterioration in 

IQ of an individual operated either by trans-sylvian or interhemispheric approaches. 

IQ remains within the normal range following surgery.  
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Inter hemispheric group: 

 

  

Graph 1 and 2: showing neuropsychological characteristic of pediatric patients with 

age below 5 years operated by inter hemispheric approach. 
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Graph 3: showing neuropsychological characteristics in pediatric patients with age 13 

years operated by inter hemispheric approach. 

 



Results analysis 

 

30 
 

 

 

 

Graph 4-6: showing neuropsychological characteristics in adult population with age 

above 20 years operated by inter hemispheric approach. 
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Pterional group: 

 

Graph A: showing neuropsychological characteristics of pediatric patient with age 5 

years operated by pterional approach. 
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Graph B, C and D: showing neuropsychological characteristics in a patient operated 

by pterional group with age more than 12 years 
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Graph E-I: showing neuropsychological characteristics of pediatric population 

between 8-13 years of age operated by pterional approach. 
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DISCUSSION 

Surgical approach to craniopharyngioma depends mainly on their location and 

the surgeon’s preference. Transcranial approaches are usually preferred due to the 

nature of the pathology. Most commonly used approaches are frontal and pterional. 

(57–59) 

Bifrontal interhemispheric approach is one of the widely used approaches. 

Using this approach, trajectory exposes frontal lobe which is at risk of injury and 

patients showed frontal lobe dysfunction following surgery. Recently, in the 

microsurgical era, the interhemispheric transcallosal approach is gaining popularity. 

Previous retrospective studies have shown preservation of frontal lobe function 

following total excision. (49) However, in our study, none of the patients showed 

abnormal behavior following total excision operated by both different approaches. 

This study aimed to study the neuropsychological outcome following two 

different approaches of craniopharyngioma. A various literature study had shown 

neuropsychological deterioration following interhemispheric approach. This is due to 

the injury to the corpus callosum fibers. However, the transcallosal approach is one of 

the best access for third ventricle lesion and it doesn’t seem to be associated with 

cognitive function. (59,60). However, no report appears to have considered, the 

attentive function which is clearly defective after longitudinal callosotomy seen after 

epilepsy surgery (60). Because of this, neuropsychological evaluation centered around 

complete cognitive function. Since the introduction of operating microscope, surgical 

results have improved with better visualization of anatomical and microvascular 

structures. Improvement in clinical status also led surgeons to investigate in functional 

as well as neuropsychological outcomes. 

In our study total, 8 consecutive cases were included in the interhemispheric 

group. Post-operative neuropsychological evaluation was not possible in two cases. 

Out of these, one patient died on post-op day 5 and the second patient was a child 

with poor visual acuity pre-operatively which remained the same postoperatively. 

Remaining 6 cases were evaluated for neuropsychological outcomes, both in 

preoperative and postoperative period. 
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NIMHANS battery was applied in 3 adult cases who showed significant 

improvement in frontal and temporal lobe functions, as compared to pre-operative 

function. None of them showed any short term spatial or verbal memory deficit. The 

attention capacity of all patients was good including pediatric patients. Visuo-

Perceptual performance of all the patients was good. IQ also improved in all patient. 

except for one patient in whom fluency decreased compared to preoperative status. He 

also had difficulty in recall which was seen in decreased score in RAVLT and paired 

association test. However, overall IQ test showed mild improvement in IQ. 

Approaches to the third ventricular tumors have been associated with a lot of 

challenge to the surgeons. Neuropsychological consequences following disruption of 

interhemispheric pathway was described by Zaidel, which provided a platform for 

others to work on interhemispheric approaches and refine callosal resection. (61,62) 

One patient was not cooperative for pre-operative neuropsychological 

evaluation. He demonstrated anger and irrelevant talk during the preoperative 

assessment. However, post-operatively, neuropsychological assessment and follow up 

assessment showed good cooperation and significant improvement in score. This 

suggests that inter-hemispheric approach is not associated with deterioration of 

neuropsychological function, but it is the nature of the tumor which causes 

dysfunction. The unmotivated fits of anger and poor cooperation usually have a 

clinical/anatomical correlation with the hypothalamus, owing to its known 

connections with the limbic system. (49,58,63,64) 

The intelligence quotient (IQ) is a strong parameter for the intellectual 

function. In the literature, postoperative IQ scores were mostly in the normal range 

(63), while some cases with postoperative decreased intelligence and retardation have 

been reported (58). Cavazutti et al noted   no significant difference in postoperative 

IQ, whether radical surgery or limited surgery was performed. (49,64–66) 

Preoperative IQ scores were available from six patients in a study by Galatzer et al 

and were not different from postoperative scores. (67) These studies show similar 

findings as in our study, which demonstrated that verbal IQ is not affected by surgical 

approaches.  
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Evaluation of IQ scores in craniopharyngioma patients in preoperative and 

postoperative period suggested improvement of at least 10 points or remained the 

same as pre-operative status (within normal range). Parent’s descriptions about 

intellectual performances of children before the operation located them within the 

normal range, so we can reasonably conclude that there was no significant worsening 

of the intellectual and neuropsychological functioning for any of the children in the 

interhemispheric group as well as in pterional group. Though one child in 

interhemispheric group and one in the pterional group had preoperative as well as 

postoperative same visual disturbance in which scholastic performance could not be 

tested. 

Postoperative scholastic performance depends on familial support. Following 

surgery, there will always be conscious or subconscious fear of seizure, tumor 

recurrence and child will still be sick as he is on hormone replacements. However, in 

our study 3 patients were from pediatric age group in the interhemispheric group and 

8 in pterional group and they did not show any deterioration in scholastic 

performance.  

Riva et al reported personality changes among children with a marked 

tendency toward depression and frustration. This is possibly due to two reasons, first 

is due to the long duration of lesion which requires continuous endocrinological and 

neurological monitoring which give rise to a state of continuous alertness and the 

second reason could be due to the frustrating experience of body image and obesity in 

this modern aesthetic world. (68,69) As we have a patient with short term follow up it 

is difficult to comment. However, within these short durations, no depressing features 

were observed in either of the study groups. We are following up these patients for 

other symptoms also. 

Frontal lobe dysfunction: The frontal signs in everyday behavior and executive 

abilities were correlated with radiological evidence of a direct frontal lobe trauma by 

Riva et al (68) However, frontal lobe dysfunction can occur in Third ventricular lesion 

also. From the extensive literature, we know that there are substantial efferent 

projections from the frontal cortex to the hypothalamus and preoptic region, so a 

hypothalamic injury may also be the cause of frontal-type disturbances (70, 71, and 

72)  



Discussion 

 

39 
 

Nauta et al have demonstrated the presence of projections from the Orbito-

frontal surface to the hypothalamus, and children were obese in these series which is 

consistent with this hypothesis. (70) (72) 

Frontal lobe dysfunction was also demonstrated in patients operated by sub 

frontal approach in a high percentage of patients by Cavazzuti. (49) Probable reasons 

for morbidity could be the fact that the author had included patients operated during 

the pre-microsurgical era.  

Word fluency and spontaneity, which were assessed by the Controlled word 

association and animal count test, are anatomically related to the orbitofrontal area. 

This area is retracted during a subfrontal approach but it is also dependent on other 

frontal areas. We demonstrated preserved word fluency after surgery in the 

interhemispheric group and in the pterional group. Preoperative and postoperative 

results of individual patients were highly congruent. Cavazutti et al also demonstrated 

a normal postoperative word fluency after craniopharyngioma surgery in the presence 

of other neuropsychological dysfunctions (49). 

Attention: Trail test, digit substitution, strop test are important tests demanding 

measures of attention, concentration, and cognitive speed. Strop test measures strong 

attention and inhibition function of the frontal lobe (anterior cingulate). It requires 

intact frontal lobe and independent memory function. Subject requires time to take the 

decision for task execution. The timing to take decision and task execution is 

measured. Longer time is required if the frontal lobe function is impaired. In the 

interhemispheric approach, working area is near cingulate gyrus so likely to be 

injured during hemisphere retraction. However, in our study, attention and working 

memory were not affected in interhemispheric group. In pterional group also, this 

executive function was not affected by surgical approach. This suggests that 

craniopharyngioma itself is the most likely cause of impairment of cognitive 

functions. Craniopharyngioma interrupts reciprocal projections between the frontal 

lobes and the hypothalamus. Alternatively, they might encroach on fronto-dorsal areas 

either directly or by brain edema. (73–75) 

Hydrocephalus: There are many variables that may have influenced these results. As 

far as age is concerned, the tests administered did not reveal any behavioral 
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differences although the children were treated between the ages of 2 and 14 years. 

There were no effects due to hormonal alterations because all the children were well 

compensated from this point of view, as shown by their good level of attention and 

mental behavior. Regarding hydrocephalus, both experimental (76) and clinical 

studies (77) have shown that only chronic and persistent increase in pressure has a 

detrimental effect on the cerebral parenchyma, particularly the frontal lobes. This 

never occurred in any of our patients because, although ventricular enlargement was 

sometimes present at the time of onset, its persistence was never such as to require 

shunting. The test performances did not correlate with any of the surgical variables 

(one vs more than one intervention or the presence of tumor residue). In our study, 

interhemispheric group had 7 cases and pterional group had 5 cases with 

hydrocephalus. However, none of them demonstrated pre-operative or post-operative 

behavior alteration. None of those patients required CSF diversion procedure too. 

Primary pathology was tackled at the first setting without any deleterious outcome. As 

a routine protocol,  in all the patients operated by interhemispheric approach, we kept 

EVD in the third ventricle following tumor resection for 48 hours. Once EVD output 

is clear we removed EVD. Patients operated by Pterional   Group did not require 

EVD. 
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LIMITATIONS OF THE STUDY 

  Small sample size 

  Variation in age and sex in both study group which may be confounding factor 

in our results. 

  Short duration of follow up. However, all patients are still under follow up and 

we are considering them for neuropsychological evaluation during their follow 

ups to diagnose long term changes, if any. 

  Both the study groups were not comparable with respect to the size and the 

extent of the lesion. Patients in the interhemispheric group had more extensive 

lesion with predominant third ventricle involvement, whereas patients in the 

pterional group had lesion with more lateral extension. However 

neuropsychological outcomes, both in preoperative as well as postoperative 

period, can be compared in both the approaches. Due to the small sample size, 

statistical significance could not be checked. 

  No measures of behavioral or emotional self-regulation, such as the Behavior 

Rating Inventory of Executive Function, which was developed to assess 

everyday behavioral manifestations of executive control functions, were 

administered in this study unlike others (78–80). Neuropsychological and 

behavioral measures focus on different constructs within the executive function 

domain and often are not significantly correlated (81). It is possible that 

problems with behavioral or emotional self-regulation could occur in the 

absence of neuropsychological executive-functioning deficit in addition, it is 

possible that these patients had problems in everyday cognitive functioning that 

were not detected by the measures used. (82) 
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CONCLUSION 

  The children treated for craniopharyngioma in our cohort did not present any 

neurological (except visual problems in some cases), cognitive or short-term 

memory deficits, except for a slight fluency and delayed recall in a few cases.  

  Neither age nor the approach of surgical intervention, affected significantly their 

cognitive and neuropsychological functions. 

  Overall, particular attention should be given to the depressive and fragile aspects 

of the personalities of these children, who may well need emotional support as 

they are on hormonal replacement treatment. 

  In a microscopic era, our aim should be the gross total excision as it is not 

associated with any deterioration in neuropsychological and behavior outcome. 

  Interhemispheric microscopic approach provides good access to the tumors 

located within the third ventricle and minimizes damage to the hypothalamus with 

minimal neuropsychological changes. 
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ANNEXURES 

Sree Chitra Tirunal Institute for Medical Sciences & Technology 

Proforma  

Prospective observational study of outcomes of different transcranial 
approaches for craniopharyngiomas 

General Instructions 

Please fill in all the questions 

Write Yes / No/NA wherever applicable 

If the response is not known please write UK 

If additional info is available please elaborate 

Please use separate proforma for each admission 

If admission is for a post operative complication please go to section E   after 
completing the general information 

 

Intraoperative illustrations will be appreciated  

Annexure I 
 
Hospital no: 
Age 
Sex 
Date of admission: 
Occupation: 
Residence: 
Handedness: 
 
Clinical details- 
 
Mode of presentation and Duration of symptoms: 
Headache 
Vomiting 
Visual disturbance 
Seizure 
Sensorium changes 
Electrolyte imbalance 
Hormonal profile: 
Comorbidities: 
 
Examination finding: 
GCS: 
Built: 
Vision: 
Fundus: 
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Secondary sexual characteristics: 
Systemic examination findings: 
 
 
Pre operativeRadiology: MRI / CT. 
Diagnosis 
Size of lesion 
Location 
Extend 
Hydrocephalus 
Edema (grade) 
Extent of lesion: 
 
Neuropyschological assessment pre op: 
 
 
Annexure II 
 
Operative findings: 
Date: 
Approaches: 
Position: 
Craniotomy: 
Characteristic odf lesion: 
 
Extend of lesionectomy. 
Use of hemostats – descriptive. 
External ventricular drainage/ days/ volume/ microscopy. 
Intra operative complications 
 
 
Pathological diagnosis: 
 
 
Annexure III: 
 
Time of extubation 
Duration of ventilator support: 
Sensorium detail: 
Complaints: 
Post op complication and its management: 
Clinical deficit: 
 
Examination findings: 
: 
 
Post op radiology: 
Date: 
Infarcts- arterial - descriptive. 
Hydrocephalus 
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Tumour removal- total/ near total (90%)/ Partial (70%)/ Less than 50%. 
Venous infarcts/ haematoma – size, extend. 
Odema. 
Neuropsychological assessment:  
 
Annexure IV 
Hospital no: 
Age 
Sex 
Date of admission: 
Occupation: 
Residence: 
Handedness: 
 
Clinical details- 
 
Mode of presentation and Duration of symptoms: 
Headache 
Vomiting 
Visual disturbance 
Seizure 
Sensorium changes 
Electrolyte imbalance 
Hormonal profile: 
Comorbidities: 
 
Examination finding: 
GCS: 
Built: 
Vision: 
Fundus: 
Secondary sexual characteristics: 
Systemic examination findings: 
 
Neuropsychological assessment : 
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Craniopharyngioma: 

“One would expect these congenital epithelial tumors to be capable of 
enucleation like Dermoid cysts elsewhere in the body, but they so definitely 
adhere to the adjacent structures neighboring on their place of origin, it is rarely 
possible to shell them out of their bed without the production of serious 
secondary symptoms. To be sure, one may occasionally succeed in stripping out a 
thin-walled cyst, and examples of this have been reported, but when the tumor is 
partly solidified, and calcareous, sad experience warns the surgeon to leave it 
pretty much alone.” Harvey Cushing, 1932. (1) 
“Though this tumor is still an ominous disease, it seems fair to say, that the outlook 

has improved considerably.” (2) 

 

Introduction : 

Craniopharyngiomas are rare CNS tumors defined by WHO as benign, partly cystic 

epithelial tumor of the sellar region presumably derived from Rathke’s pouch 

epithelium. While it is benign in nature, the adhesion to surrounding structures may 

result in damage to sellar and parasellar tissues during surgery and hence it is called 

“Benign Tumor in a malignant location.” (3) 

Epidemiology:  

Incidence: The data from 15 population-based craniopharyngioma studies, which 

included over 1000 cases, suggested the estimated incidence to be 1.34 patient per 1 

million people. (4)  


