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CASE REPORT
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Abstract
Craniopharyngiomas (CPs) are surgically challenging tumors. The prevalence of BRAF mutation in papillary craniophar-
yngioma (PCP) and the positive response with BRAF-MEK inhibitors have shifted the treatment paradigm towards targeted 
therapy. However, maximal safe resection remains the goal, particularly for adamantinomatous craniopharyngioma (ACP). 
In this report, we describe two cases of CP where intraoperative ultrasonography (IOUS) was helpful in differentiating the 
subtype of CP, thus enabling intraoperative decision-making regarding the extent of resection. Additionally, IOUS images 
of three more (two PCP and one ACP) patients who underwent endoscopic endonasal resection for CPs were retrospectively 
evaluated. Each of these entities showed characteristic appearances on IOUS.
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Abbreviations
IOUSG	� Intraoperative Ultrasonography
CP	� Craniopharyngioma
ACP	� Adamantinomatous craniopharyngioma
PCP	� Papillary craniopharyngioma
T1WMRI	� T1 weighted magnetic resonance imaging
T2WMRI	� T2 weighted magnetic resonance imaging
CT	� Computed tomography

Introduction

Craniopharyngiomas (CP) are histologically benign and rare 
tumors that typically arise in the suprasellar region. They lie 
in close proximity to the optic chiasm, hypothalamus, and 
arteries of the circle of Willis, making complete surgical 

resection a challenge and potential for morbidity. As per the 
WHO 2021 classification for CNS tumors [10], they com-
prise two separate entities: papillary (PCP) and adamanti-
nomatous craniopharyngiomas (ACP).

The recent identification of a targetable mutation (BRAF 
V600E) in over 90% of PCPs [3] and the efficacy of the 
BRAF/MEK inhibitors [4] have shifted the focus of the man-
agement of these tumors from radical resection to targeted 
therapy after pathological confirmation. However, efforts to 
identify effective targeted interventions for ACPs are ongo-
ing, and surgical resection remains the mainstay of manage-
ment [8, 2].

Although the surgical goal has remained maximum safe 
resection, a less aggressive surgical strategy may be consid-
ered in select cases of PCP.

Intraoperative ultrasound (IOUS) is an invaluable tool in 
neurosurgery and can aid in the identification of the patho-
logical subtype and guide the extent of resection. We report 
two cases of endoscopic endonasal resection of CP where 
IOUS helped to identify the type of CP and thus guide intra-
operative decision-making. The required informed consent 
was taken from each patient and the study was approved by 
the Institutional Review Board.
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Case illustrations

Case 1

 A 43-year-old gentleman presented with bilateral visual 
blurring, headaches, and weight gain. On evaluation, he 
was found to have bilateral visual field defects with mild 
inferior temporal field deficits. A brain magnetic reso-
nance imaging (MRI) (Fig. 1) showed a large cystic lesion 
in the suprasellar location with a small enhancing nodular 
component antero-superiorly; on computed tomography 
(CT) scan (Fig. 1d) there were no calcifications. The pre-
operative impression was of a suprasellar craniopharyn-
gioma, possibly PCP. He underwent IOUS-guided resection 
of the lesion via an endoscopic endonasal trans-tubercular 
approach. The steps of the procedure have been described 
elsewhere [15, 13]. After drilling the bone of the sella and 
the tuberculum sellae, a minimally invasive USG probe 
(bk5000; BK Medical, 6 × 7 mm footprint and 15 cm shaft 
length, 20-6 MHz, N20P6 minimally invasive transducer) 
was introduced into the field, and IOUS images and video 

were acquired in the coronal plane. It showed a hypoechoic 
cyst with a well-demarcated hyperechoic wall. The cen-
tral nodule appeared as a homogenously hyperechoic mass 
with lobulated margins, giving it a ‘frond-like appearance 
(Fig. 2). No hyperechoic regions, suggestive of calcifica-
tion, were noted. The cyst was decompressed, and most of 
the nodular component and the posterior cyst wall were 
resected. The intraoperative frozen section reported likely 
craniopharyngioma but was not specific of which type. A 
portion of the solid component adherent to the pituitary 
stalk and optic chiasm was left behind based on the IOUS 
findings that helped us to lean towards the papillary sub-
type. Postoperatively, the patient had no neurological or 
hormonal issues, and his vision improved. The histopathol-
ogy was suggestive of a BRAF V600E mutant PCP, and the 
patient was started on dabrafenib-trametinib treatment for 
the residual disease along the pituitary stalk (Fig. 3a and 
b). There was a significant reduction in the size of residual 
disease one month after starting the therapy (Fig. 3c and 
d) and the lesion has remained stable in the last follow-up 
− 19 months since the initiation of therapy.

Fig. 1   Preoperative imaging of 
case 1: A. and B. - Axial and 
coronal T1 with contrast  MRI 
images showing the contrast 
enhancing nodule (red arrow-
head) and cyst with  irregular 
enhancing wall, C.- sagittal 
MRI images showing a cystic 
lesion in the  suprasellar space 
pushing the optic chiasm (blue 
arrow) anteriorly and pituitary 
stalk  (blue arrowhead) pos-
teriorly and floor of the third 
ventricle (yellow arrowhead)  
superiorly, D. CT image show 
no calcifications
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Case 2

A 48-year-old gentleman presented with a 5-month history 
of visual blurring. An ophthalmological examination showed 
right temporal hemianopia and left inferior quadrant field 
defect. A brain MRI showed a predominantly solid lesion in 
the suprasellar space involving the pituitary stalk and com-
pressing the optic chiasm (Fig. 4). There was no calcification 
noted on the CT scan (Fig. 4d). A preoperative impression of 
PCP was made, and the patient underwent endoscopic endo-
nasal trans-tubercular resection of the tumor. After removing 

the bone of the sella and tuberculum sellae, a durotomy was 
performed, and an USG probe was introduced. It showed a 
heterogeneously hyperechoic lesion which was not very well 
demarcated from the pituitary gland. There were several 
hyperechoic areas with acoustic shadows suggestive of calcific 
foci (Fig. 5). This was suggestive of ACP. Dural exposure was 
widened, and the diaphragma sellae was cut and the tumor 
was identified in the suprasellar space. Given the suspicion for 
an ACP, gross total resection was pursued with preservation 
of the optic apparatus and the pituitary stalk. Histopathology 
confirmed an ACP, and the postoperative MRI scan showed 

Fig. 2   Intraoperative ultrasound images of Case1 (taken after achieving hemostasis and before incising the dura) showing the homogenously 
hyperechoic solid component with lobulated borders (blue arrow) surrounded by hypoechoic cyst with distinct margins (blue arrowhead)
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no residue (Fig. 6). The patient had subjective improvement 
in vision with no endocrinological dysfunction.

To further investigate the characteristic IOUS features of 
CPs, IOUS images of five consecutive (three PCP and two 
ACP) patients who underwent endoscopic endonasal trans-
sphenoidal resection for CPs were retrospectively evaluated 
(Figs. 7 and 8). The following IOUS features were studied: 
echogenicity, internal heterogeneity, margins, cysts, and cal-
cific shadows.

PCPs showed solid components with homogenous hyper-
echogenicity with lobulated margins. They were surrounded 
by a larger cyst with a well demarcated hyperechoic wall.

ACPs on the other hand had poorly demarcated borders 
with higher internal heterogenic echotexture with hyperechoic 
calcific foci and acoustic shadows, giving it a ‘salt and pepper’ 
appearance [6].

Discussion

Intraoperative ultrasonography is a valuable, multipur-
pose, and cost-effective tool used for tumor localization 
and resection control. It can demonstrate pathologic 
characteristics of tumors such as hemorrhage, cysts, and 
calcifications within the lesion as they alter the echo-
texture [12, 1]. It is even better than MR in diagnosing 
some tumors intraoperatively [14]. The functionality of 
this device in the confined space of endoscopic surgery 
has been addressed by the introduction of smaller foot-
print transducers, which have undergone several iterations 
of refinement over the years [11]. In this report we have 
shown the utility of IOUS in identifying characteristic fea-
tures of each type of CP and thus helping in intraoperative 
decision-making regarding the extent of resection.

Fig. 3   A. and B.- Immedi-
ate postoperative axial and 
coronal T1 with contrast MRI 
images of Case 1 showing 
residue (red arrowhead), C. 
and D.- Axial and coronal T1 
contrast MRI images after 
completion of 19 months of 
dabrafenib + trametinib therapy 
showing complete resolution
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Identification of specific driver mutations in craniophar-
yngiomas, particularly in PCP, has shifted the treatment 
paradigm towards targeted therapy [3, 4]. However, these 
changes have not been reflected in the management of 
ACP, and surgical resection continues to be the mainstay 
of treatment. In the absence of preoperative diagnostic tests 
that can determine with certainty the specific tumor type, 
surgical intervention for pathological confirmation is para-
mount. However, although intraoperative frozen section, 
and squash and smear cytology can detect CP, it can be 
difficult to discern the variant [7]. Hence, alternative pre-
operative or intraoperative methods are required to guide 
surgical treatment.

On MRI, over 50% of the craniopharyngiomas have a 
pathognomonic appearance. They are intrasellar and/or 
suprasellar masses. The solid portions appear isointense or 
hypointense on T1-weighted MRI (T1W) and hyperintense 
on T2-weighted MRI (T2W) images but can also have a mot-
tled appearance owing to calcifications. Cystic components 
are hyperintense on T1W images owing to their high protein 
or hemorrhagic content [7]. Tumor calcification is appreci-
ated on CT scan and is seen in 83% of ACP [9] and is never 

found in PCP. Thus, although calcification on CT is helpful 
to differentiate CP type, it is not consistently demonstrated 
(as seen in our second case).

In our retrospective analysis of 5 cases, we found that 
each variant of CP had characteristic IOUS features. Par-
ticularly, IOUS can pick up small calcifications that are 
often missed on other imaging modalities. This can aid the 
surgeon in deciding the radicality of resection. Although 
promising, IOUS has a steep learning curve, and its correct 
interpretation is often subjective and explorer dependent 
[5]. Further studies with larger samples are needed to reaf-
firm the imaging correlation and its utility in intraoperative 
decision-making.

Conclusion

Intraoperative sonography can help identify specific tumor 
characteristics and appearances differentiating papillary 
from adamantinomatous variant of CP. It can thus aid in 
intraoperative decision-making regarding the extent of 
resection.

Fig. 4   Preoperative imag-
ing of Case 2: A to C.- Axial, 
coronal and sagittal T1 with 
contrast MRI images showing 
a solid enhancing lesion (red 
arrowhead) in the suprasellar 
space, D. CT image shows no 
calcification
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Fig. 5   Intraoperative ultrasound images of Case 2 (before incising the dura) showing a heterogeneous lesion with few very hyperechoic areas 
suggestive of calcific foci (red arrowhead) along with the acoustic shadow. Hypoechoic cystic areas are also seen

Fig. 6   Postoperative T1 weighted MRI with contrast done 6 weeks post resection, shows a gross total resection of the tumor with preservation of 
the pituitary stalk and optic chiasma
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Fig. 7   Preoperative MRI images 
of 2 other cases of PCP with 
corresponding intraoperative 
IOUS image (all taken before 
the dural incision): A. and 
B.- Preoperative axial T1 with 
contrast MRI image and the 
corresponding intraoperative 
IOUS image of a case of PCP 
(third patient in the series), C. 
and D.- Preoperative coronal T1 
with contrast MRI image and 
the corresponding intraoperative 
IOUS image of another case 
of PCP (fourth patient in the 
series)
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