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Abstract

Objective: This retrospective study aims to survey the clinical outcomes of
341 consecutive patients surgically treated for and diagnosed with craniopha-
ryngioma (CP) treated in a 10-year period in a single institution. Methods:
The clinical reports of three hundred forty-one patients CP patients treated
surgically between January 2006 and December 2016 were reviewed and ana-
lyzed retrospectively. Results: Our cohort consisted of 341 patients (202 male,
139 female) with a mean age of 34.9 years (range 1 - 74 years); Tumor Fea-
tures: 129 patients (37.8%) had cystic tumors, 88 (23.8%) had solid tumors
whereas 126 (36.4%) had heterogeneous lesions with a solid and cystic por-
tion; calcifications were present in 139 (40.8%); Tumor Topography: Supra-
sellar 198 (58.1%), Intrasellar 40 (11.7%), Intra-third ventricular 103 (30.2%);
Surgical approaches used among the patients included: Pterional 262 (76.8%),
Transsphenoidal (TS) 42 (12.3%) Transcallosal 20 (5.9%), Transcortical 16
(4.7%) suboccipital 1 and combined approach 1; Gross total removal (GTR)
was achieved in 247 patients (72.4%), Subtotal removal (STR) in 94 patients
(27.6%). Good postoperative outcome at discharge was achieved in 324 (95%)
patients while 17 (5%) patients had poor outcome including 5 (1.5%) peri-
operative deaths. Mean hospital length of stay was 21.87 (8 - 129). There were
42 (12.9%) recurrences with a mean time to recurrence of 28.36 (3 - 84)
months, among which 37 (88.1%) underwent surgery for recurrence treat-
ment. Follow-up time ranged from 3 months to 10 years. There was a statis-
tical significance between open transcranial surgery and suprasellar tumors (p
< 0.0001), TS and intrasellar tumors (p < 0.0001); postoperative diabetes in-
spidus and gross total resection (p < 0.0001); GTR and cystic tumors (p =
0.034) calcification and GTR (p = 0.0008). Conclusion: Good surgical out-
come and long-term tumor control can be achieved through individual-based
selective resection, whether total or subtotal resection. Whereas surgical pre-
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history of CP was found to be a significant risk factor to recurrence (p <
0.0001), the clinical risk factors of CP of recurrence are still arguable, includ-
ing the presence residual tumor due to subtotal resection. More future studies
are necessary.
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1. Introduction

Craniopharyngiomas (CPs) are benign tumors of the central nervous system [1]
representing 1% of all the intracranial primary tumors which present with a
challenging clinical and treatment sequala [2] [3] [4]. Patients usually present
with visual impairments, headache, endocrine disturbances, hydrocephalus and
diabetes insipidus [5]. Incidence rates stand at 2.14 (1.53 - 2.92) in children
comparable to all ages at 1.86 ((1.60 - 2.14), with a binomial age distribution
peak occurrence between 5 - 9 and 40 - 44 years [6] [7].

Histologically, CPs are categorized into two subtypes which are distinct: ada-
mantinoumatous (ACP) and papillary (PCP) which may differ or have overlap-
ping features in several aspects including incidence, clinical manifestation, im-
aging and immunohistochemical expression characteristics as reported in our
previous publication [8].

Surgical treatment of CP has for decades been the main stay of management
[9] [10] [11]. However, the main challenge lies in preservation of normal func-
tion of the pituitary-hypothalamic axis following surgery [10] [12]. Several ap-
proaches to achieve gross total resection and subtotal or partial resection have
been described in published literature for CPs in various locations of the cra-
nium [13]-[19] the most notable including pterional, transcortical, transcallosal
approach, transsphenoidal (microscopic or endoscopic) approach; and the trans-
petrosal approach. Other invasive methods include ommaya reservoir placement
[20], neuroendocopic cyst fenestration [21] [22] and ventral peritoneal shunt
for CP related hydrocephalus management [23] desmopressin [24], long hor-
monal replacement [25] have been mentioned in clinical management of long-
term morbidities. Adjuvant Radiation therapy (RT) and gamma knife surgery
(GKF) have been documented to increase long time survival following subtotal
resection [26] [27] [28] [29] [30]. At our institution, early studies on craniopha-
ryngioma began in 2008 with a smaller surgical series of 43 patients by Shu Kai
et al. [3] followed by a review ontreatment outcomes of transphenoidal (TS) ap-
proach for CPs by Lei Ting and associates [31] until recently followed by an up-
date of 10 year review of TS approach for CP treatment in a cohort of 29 patients
[2].

In this longitudinal study, we aimed to perform an analysis of surgical man-

agement of CP at our institution during a 10-year period between 2006 and 2016.
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We looked at clinical presentation sequela, surgical approach and postoperative
outcome in long-term follow up. Furthermore we attempted to assess the pre-
dictive markers of CP recurrence in comparison with other large series. Finally,

we proposed a simplified classification system of CP topography.

2. Methods
2.1. Study Subjects and Selection Criteria

Between January 2006 and December 2016, clinical data all adult patients (> 18
years of age) and pediatric patients who were surgically treated for and diag-
nosed with a primary CP or recurrent CP at our institute were collected and
analayzed. The study was approved by the Institutional Review Board of Tongji
Hospital of Tongji Medical College of Huazhong University of Science and
Technology. Inclusion criteria were as follows: 1) surgical resection with a his-
topathological diagnosis of CP between 2006 and 2016; 2) no past history of
neurosurgical treatment other than CP; availability of necessary clinical and ra-
diologic data at time of acquiring data; We chose 2006 as a benchmark to let our
data reflect recent advancements in microsurgery, but also offer an updated
overview of our department following previously smaller studies on CP treat-
ment [3] [31] [32]. Seventeen patients (including six children) in the records had
been admitted for clinical and radiological signs and symptoms of CP but re-
jected surgical intervention due to generall ypoor clinical condition, or informed

patient consent and these patients were excluded from this study.

2.2. Diagnostics and Laboratory Tests

2.2.1. Ophthalmological and Endocrinological Evaluation

All patients underwent ophthalmological and endocrine examination evaluation
including tests of visual acuity and visual field; full endocrine panel preopera-
tively, at discharge and 3 months after surgery when they reported for the initial

follow up reassessment.

2.2.2. Neuroradiological Evaluation

Preoperative examinations included CT and magnetic resonance imaging (MRI)
and postoperative MRI was followed up within 48 hours in some of the patients.
In some patients, only control CT was done due to patient’s post-op neurological
stability. Patients were advised to report for MRI reassessment three months af-
ter surgery except for patients who died in the postoperative period and those
who could not be reached. Histopathological diagnosis was done after surgery by
H.E staining to give a diagnosis of CP without further subtyping or immunobhis-

tochemical studies.

2.3. Description of Variables Included in the Study

The principal variables considered for each patient included: patient sex and age;
presenting symptoms, past history of CP neurosurgery; type of surgical approach
used; degree of tumor resection; CP topography, presence or absence of calcifi-
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cation and consistency; postoperative complications; postoperative outcome at
hospital discharge; length of hospital stay; presence or absence of recurrence,
duration of recurrence from date of operation, treatment on recurrence and sur-
gical approach; and duration of follow-up. Tumor consistency was grouped into

3 types; cystic, mixed and solid.

2.4. Tumor Location Hypothesis

In 2016, our group reviewed the current literature regarding the topographical
location of CP and found that inasmuch as several models have been proposed,
there is no consensus on the appropriate model and echoed the need to develop
a universally accepted system [8].

From our series, after a critical review of all the intraoperative surgical reports
defining the real-time location of the tumor mass, in combination with the
preoparative radiologic imaging we have attempted to propose a new classifica-
tion system of CP topography. However, any attempt to perform a topographical
classification requires a deep understanding of the neuroanatomical relationship
[33] in the sellar region. Rhoton et al. described the sellar diaphragm as durafold
covering the sella turcica in a roof-shaped manner. Though variable in different
specimens, it may appear circular or convex and usually thick towards the peri-
phery but thins out circumferentially as its breached in the middle to allow for
the passage of the infundibulum [34]. This narrow opening may hypothetically
explain the ease of extension of the encapsulated cystic or solid CP into the
nearby regions [33].

Criteria; with the sellar diaphragm floor as the baseline the location is defined
as the anatomical space which is occupied by the largest mass of the tumor tis-
sue, without regarding the irregular tumor extensions into the proximal ana-
tomical space, subsequently coming up with a simplification of three principal
anatomical locations; suprasellar, intrasellar and intra-third ventricular (Figure
1). We considered to include another fourth category defined as ectopic location
[35]-[40] although no patient qualified for this category in our data therefore
was not included in the final classification. Following this classification, clinical

features and surgical outcome for different tumor locations were compared.

2.5. Surgical Treatment

Extent of Resection and Surgical Approach

At our institution, with the recent developments in surgical techniques in the mod-
ern micro-neurosurgical era, we implement a contemporary patient-to-patient ap-
proach for the optimal choice of treatment. Our surgical principle for CP treat-
ment was: individualized judicious resection based on the intraoperative judge-
ment such that subtotal resection was performed in case of GTR was not achieva-
ble, with the imperative goal of preserving the hypothalamic-pituitary axis neu-
ro-structures. Subtotal resection was defined as >90% tumor resection with
remnants due to either of severe adhesions, calcifications, hard attachment to

optic pathways or hypothalamus, engulfing of carotid arteries or large tumor
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Figure 1. Showing the hypothetical locations in our simplified classification system. The dotted blue line represents the imaginary
sellar floor used as the basis of topographical reference. In (al), (b1), (c1) schematic drawings showing the neuroanatomical rela-
tionships between the tumor and the Suprasellar, Intrasellar and intra-third ventricular location respectively. (a2) sagittal section
and (a3) coronal view of SS-CP, notice the intact infundibulum (green arrow). In (b2), (b3) sagittal and coronal views of IS-CP
with compressed pituitary gland (PG) towards the left carotid artery. In (c2), (c3), sagittal and coronal views of the 3V-CP, with
the upper floor of the third ventricle clearly eroded (arrow).

size with intended staged subresection. Additionally, the patient’s age, CP topo-
graphy, previous surgical approach (es) in case of RCPs, previous undertaken
treatment modalities, and severity of symptoms and signs were taken into con-
sideration when making the suitable choice of approach and extent of resection.
In an attempt to verify our primary hypothesis, patients into two groups based

on whether they underwent STR, or GTR, and then compared their bivariate re-
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lationships with clinical factors. There were no biopsies performed in our co-
hort. The decision to perform GTR or STR was made by the surgeon during the
operation, based on the difficulty of each surgery. Routine postoperative control
CT and MRI were of diagnostic purpose in confirming the presence of absence
of residual tumor. The main surgical approaches adopted in our institution in-
cluded pterional (PTE); transcortical-transventricular (TC-TV); transcallos-
al-transchoroidal (Tcall) and transsphenoidal (TS) with assisted neuroendosco-
py. Similarly, the choice of the surgical approach depended solely on the surge-
ons’ preference and preoperative images. In this cohort, radiation therapy (RT)
and GKS were never prescribed as a primary treatment following surgery at our

institution.

2.6. Postoperative Outcome Assessment

In order to determine the factors that are associated with the postoperative out-
come in our surgical series, the postoperative outcome at discharge was grouped
into two major categories: 1) good: total recovery without permanent neurolog-
ical, hypothalamic, or neuropsychological deficits, including the presence of
treatable transitory disturbances such as diabetes inspidus; 2) poor outcome:
symptoms of severe hypothalamic derangement, wound infection cachexia and
perioperative death. At our center, standard postoperative monitoring included
treatment with adequate doses of desmopressin, dexamethasone, adequate hy-
dration, prophylactic phenytoin, and hormonal replacement according to the

deficient hormone on endocrine check-ups.

2.7. Follow-Up Evaluations

At our institution, the standard for follow-up evaluation starts with a first fol-
low-up MR, visual, endocrine, neurological and physical examination taken 3
months after surgery and was normally performed on an outpatient basis by one
of the main surgeons of our neurosurgery department. Some patients were also
followed up by physicians at their local referring centers and data were obtained
from their medical reports. Thereafter, patients are advised to report for check
up every 6 months for 2 years, and then annually or if they have any incidence of
clinical symptoms related to CP. Tumor recurrence was assessed by MRI but al-
so with concurrent clinical symptoms. For long-term follow-up data, the latest
follow up was dated March 01 2017 for our cohort through phone call to patients
or their relatives. Data which included overall survival rate and recurrence-free

survival rate, and were examined and tabulated.

2.8. Treatment Strategy for Recurrent Craniopharyngiomas
(RCPs)

A diagnosis of RCP was made based on yearly follow-up neuroimaging s find-
ings or worsening of neurological symptoms, especially visual impairement [41].

Our strategy for RCP treatment was similar to our institutional surgical principle
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of primary CP. Additionally, the patient’s age, RCP topography, previous sur-
gical approach (es), previous undertaken treatment modalities, and severity of
symptoms and signs were considered when making the suitable treatment

choice.

2.9. Statistical Analysis and Simulation

Data were collected and entered into an excel database. Statistical analyses were
performed using SPSS software (version 23, IBM Corp.). Frequencies and de-
scriptive statistics on the various categorical variables under study were ob-
tained. The epidemiological, clinical, and pathological variables that were rele-
vant preoperatively and that showed significant bivariate relationships with the
nominal variables were investigated by using the chi-square test or the Fisher
exact test were suitable. Logistic regression was used to determine odds ratio
(OR) Significance was assumed at a probability value less than 0.05.

3. Results
3.1. Demographics

CP surgery is one of the routine surgeries performed given the number of pa-
tients referred to our center with an average of 30 surgeries per year.A total of
341 patients treated between 2006 and 2016 were identified (Figure 2). Among
the 341 patients who underwent surgical treatment for CP at our institution, the

mean age was 34.4 years (range 1 - 74 years). In the pediatric group, there was a

60
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Figure 2. Showing the average number of craniopharyngioma related operations per year.
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peak incidence between 5 to 10 years, whereas the adult group showed a peak
incidence was found between 46 and 51 years (Figure 3). There were sixty-nine

were patients younger than 18 years at the time of surgery.

3.2. Presenting Clinical Manifestations

The presenting symptoms at admission are shown in Table 1. The most frequent
major presenting symptom was visual impairment (64.2%), followed by endo-
crine deficiency 62.5% and headache 56.3%. There was a statistically significant
increased incidence of endocrine deficiencies in adult patients (p = 0.017; HR
1.928 C.I: 1.127 - 3.308). Twelve percent of the pediatric patients sought medical
attention because of growth delay. Patients who presented with hydrocephalus
were more likely to concurrently have nausea and vomitus significant at p <
0.0001. Adult patients were more likely to present with hydrocephalus (p =
0.046) and dizziness (p < 0.0001) than pediatric patients. In two patients, CP was
discovered incidentally after post traumatic brain injury (TBI) imaging revealed
a suprasellar lesion. These patients were treated for both TBI and after stabiliz-

ing underwent surgery for CP removal.

3.3. Tumor Features

Figure 4 summarizes the tumor characteristics in our study cohort. Tumor cal-
cifications were observed in 40.5% of the CPs at the time of diagnosis. There was
a significantly higher incidence of calcification in adult CPs (p = 0.051 OR =
0.586; CI: 0.344 - 0.999). Calcification was significantly correlated (p < 0.0001)

Age Distribution across the study cohort

Figure 3. Showing the age distribution across the cohort in the pediatric and adult groups.
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Table 1. Showing comparison between open craniotomy and transsphenoidal approaches.

Patient Characteristics All Surgeries Open Transcranial Trans-sphenoidal P value
Total Patients 341 299 (87.6%) 42 (12.3%)
Adult/Children 272/69 237/62 35/7 0.088
Mean Age (range) (years) 34.88 (1 -74) 31.47 (1 -74) 31.48 (6 - 66)
Sex (male/female) 202/139 181/118 21/21 0.102
CP prehistory 23 21 2 0.778

Presenting Symptoms

Endocrine disturbance 213 (62.5%) 184 29 0.105
Visual impairment 219 (64.2%) 188 31 0.084
Headache 192 (56.3%) 168 24 0.830

Nausea and Vomiting 52 (15.2%) 43 9 0.723
Diabetes Inspidus 53 (15.5%) 42 9 0.505
Dizziness 45 (13.2%) 40 5 0.454
Amenorrhea 23 19 4 0.125
Growth Retardation 17 13 4 0.150
Weakness of Limbs 16 14 2 0.424
Hydrocephalus 15 15 0 0.497
Memory Decline 10 9 1 0.230
Weight Gain/Loss 7 7 0 0.318
Sexual Behavior Disturbance 6 6 0 0.836
Fever 6 6 0 0.932
Psycho-Behavioral changes 5 4 1 0.595
Gait Instability 5 5 0 0.834
Tinnitus 3 3 0 0.871

Seizure 2 1 1 0.489
Accidental finding following TBI imaging 2 2 0 0.902

Tumor features

Cystic 129 (37.8%) 109 20 0.970

Solid 88 (23.8%) 75 13 0.952

Mixed 124 (36.4%) 115 9 0.926

Calcification 139 (40.8%) 125 14 0.504
Suprasellar 198 (58.1%) 189 9 <0.0001*
Intrasellar 40 (11.7%) 10 30 <0.0001*

Intra-third ventricular 103 (30.2%) 100 3 0.638

Surgical Treatment and Outcome
Extent of Resection (GTR/STR) 247/94 220/89 27/15 0.208

Postoperative outcome (good/poor) 324/17 284/14 39/3 0.822

DOI: 10.4236/0jmn.2020.104045 435 Open Journal of Modern Neurosurgery


https://doi.org/10.4236/ojmn.2020.104045

J. Lubuulwa et al.

Continued
Complications 26 21 5 0.266
Postoperative diabetes inspidus 298 261 37 <0.0001*
Recurrence (%) 44 (12.9) 35 (79.5) 9 (20.5) 0.776
Reoperation for Recurrence 36 31 7 0.126
33 (PTE) 26 (PTE)
Surgical approach for Recurrence 2 (Tcall) 2 (Tcall) 7 (PTE)
1 (TS) 1 (TS)
Mean Time to recurrence (range) (months)  28.36 (3 - 84) 30 (3 -84) 20.22 (3 - 60)
Mean Length of hospital stay (range) (days) 21.87 (8 - 129) 22.46 (8 - 129) 17.69 (9 - 33)
Follow-up Survival (death/alive) 26/3152 25/273 1/42 0.562
300
250 239N0O
198SS
200
150 138 YE!
129 CYSTIC
124 MIXED
103 3rd Vent.
100 88SOLID
50 401S
0
0
CP Topography CP Calcification CP Consistency

Figure 4. Showing summary of tumor features. SS—suprasellar; IS—intrasellar; 3" Vent.—intra-third

ventricular.

with all the three types of tumor consistency at the 0.01 level (2-tailed). Cystic
and solid tumors had a linear negative correlation whereas mixed tumors had a
positive correlation. Cystic CPs were encountered in 37.8% of the patients. The
percentage of solid CPs was as 28.5% whereas the mixed consistency type con-
stituted of 36.4%. In children, the percentage occurrence of cystic CPs was simi-
lar to the mixed type (31.8%). There was a significant correlation between head-
ache on presentation and cystic tumors (p < 0.0001) and mixed tumors (p =
0.037). Cystic tumors were more likely to present with hydrocephalus (p =
0.004) with a positive correlation significant at 0.01 (2-tailored). The consistency
of RCPs was similar to that of the primary CPs in the same patient.

Following the criteria of our new CP topography hypothesis defined in the
material and methods section, there were 198 (58.1%) Suprasellar 40 (11.7%)
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intrasellar and 103 (30.2%) intra-third ventricular CPs. To suppport our hypo-
thesis, a correlation between various CP topography and presumed clinically re-

levant variables with results elaborated in following sections.

3.4. Tumor Location

Using our CP topography classification model as described in the section above,
58.1% of the patients had suprasellar CPs, 11.7% intrasellar CPs while 103
(30.2%) of the patients had intra-third ventricular CP (Figure 6). Among the
pediatric patients, 37.7% had intra-third ventricular CP. Bivariate relationships
between CP location and various clinical factors were assessed. Patients with su-
prasellar CP were more likely to present with headache (p = 0.011); nausea and
vomitus (p = 0.024); and amenorrhea (p = 0.033). There was a significant corre-
lation between intrasellar CP location and preoperative diabetes insipidus (p =
0.026). Patients with intra-third ventricular CP were more likely to present with
hydrocephalus (p = 0.010); and nausea and vomiting (p = 0.010). There was a
significant positive correlation between intrasellar CPs and the use of trans-
sphenoidal approach (p = 0.002 OR 0.153) Figure 4 illustrates intraoperative re-

section of a suprasellar CP.

3.5. Surgical Results
3.5.1. Surgical Approach

Fourth-two (12.3%) surgeries were performed via trans-sphenoidal approach,
whereas 299 (87.7%) were performed via craniotomy. Table 1 shows the com-
parison in patient and tumor characteristics between the open transcranial
group (OT) and transsphenoidal group (TS). OT was used more frequently in
patients with suprasellar (p < 0.0001) while TS was more used in the intrasellar
CP location (p < 0.0001) significant at 0.01 (2-tailored). There was an increased
risk of postoperative DI in the OT group (p < 0.0001). Among the transcranial
group, pterional approach (75.1%) was performed more frequently than other
approaches. Only one patient underwent suboccipital approach for a pineal re-
gion CP suspected to be a meningioma on preoperative imaging. Similarly, only
one patient underwent combined transcallossal-trans-choroidal approach with
pterional-transsylvian approach to achieve total resection of a third ventricular
CP with extension into the suprasellar region. Figure 5 shows the extent of re-

section in comparison with different surgical approaches used.

3.5.2. Extent of Tumor Resection

In our cohort, gross total resection (GTR) was achieved in 247 patients (72.4%)
whereas subtotal resection was achieved in 94 patients (27.6%) as shown in Fig-
ure 5. Table 2 shows a list of bivariate significant relationships between the most
important clinical variables related to extent of resection. A significant associa-
tion was seen between extent of resection and cystic CP consistency (p < 0.034;
Odds Ratio = 0.573; CI: 0.329 - 0.982), mixed consistency (p < 0.017; Odds Ratio
= 1.833; CIL: 1.096 - 3.066). There was a significantly greater risk for subtotal
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Bar Graph showing Extent of Resection in
different Surgical approaches

e

Pterional |

Suboccipital
Transcortical
Transcallosal
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80 100 120 140 160 180
®STR » GTR

Figure 5. Bar graph showing number of cases extent of resection with different surgical
approaches.

Table 2. Shows a list of bivariate significant relationships between the most important
clinical variables related to extent of resection.

Variable P value (GTR vs STR)
Age NS
Sex NS
Prehistory NS

Major Presenting Symptoms:

Endocrine imbalance NS
Visual Impairment NS
Headache NS
Nausea and Vomiting NS

Tumor Features

Cystic 0.034*

Mixed 0.017*

Solid NS
Calcification 0.0008*

Tumor Location

Suprasellar 0.038*
Intrasellar 0.009*
Intra-third ventricular 0.025*
Surgical Approach
Open Craniotomy 0.209
Pterional NS
Transcallosal-transchoroidal NS
Transcortical-transventricular NS
Trans-sphenoidal 0.209

NS = non-significant; *significant at p = 0.05.
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resection in calcified CPs than noncalcified (p < 0.0008; OR = 2.312; CI: 1.388 -
3.872). Gross total resection was significantly achieved in suprasellar CPs (p =
0.038; OR: 0.599; CI 0.361 - 0.995) and intrasellar (p = 0.009, OR: 0.503; CI 0.299
- 0.845) but there was a significantly higher rate of subtotal resection in the in-
tra-third ventricular CPs (p < 0.025; OR 1.777; C.I 1.042 - 3.019). There was no

significant correlation between choice of surgical approach and extent of resection.

3.6. Variables Related to Postoperative Outcome

3.6.1. Hospital Stay and Survival
The mean hospital stay was 21.9 days (SD 10.73) and range of 8 - 108 days. Ta-
ble 3 shows the bivariate relationship between clinical factors and postoperative

outcome. A good outcome was reported in 94.7% of the total series. In the poor

Table 3. Bivariate relationships between clinical factors and outcome.

Variable Prvalue
Age NS
Sex NS

Prehistory 0.099 NS

Major Presenting Symptoms:

Endocrine imbalance NS

Visual Impairment NS

Headache NS
Nausea and Vomiting 0.05701 NS

Tumor Features

Cystic NS
Mixed NS
Solid NS
Calcification NS

Tumor Location

Suprasellar NS
Intrasellar NS
Intra-third ventricular NS
Surgical Approach
Open Craniotomy NS
Pterional NS
Transcallosal-transchoroidal NS
Transcortical-transventricular NS
Trans-sphenoidal NS
Extent of Resection 0.788 NS
Postoperative DI 0.082 NS
Long-term survival <0.0001*

NS = non-significant ; *significant at p = 0.01 (2-tailored).
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outcome group, the worst outcome (postoperative death) occurred in only five
patients (1.5%) whereas the other patients had poor prognosis following surgical
treatment. None of our patients died during primary or secondary transsphe-
noidal surgery.

There was no significant correlation between outcome with the extent of tu-
mor resection. In our series, we found no significant difference in the type of
surgical approach. Although four of the five patients who suffered perioperative
had intra-third ventricular CP, we found no significant association between tu-
mor location with postoperative outcome. There was a positive correlation be-
tween outcome and long term survival (p < 0.0001 OR: 14.45).

3.6.2. Neurological, Visual, and Endocrinological Outcomes

No new visual impairments were reported postoperatively and all patients re-
ported normal vision at discharge. Postoperative electrolyte disturbances and
diabetes insipidus (87.4%) were the most frequent finding usually coexisting
with syndrome of inappropriate antidiuretic hormone secretion (SIADH). One
child had severe hypothalamic dysfunction following GTR for a large suprasellar
CP exhibited as postoperative memory loss and behavioral disorder and severe
electrolyte imbalance which led to extensive hospital stay (122 days). The other

complications are listed in Table 4.

3.7. Tumor Recurrence

Table 5 shows a summary for recurrence data in our cohort. The total recur-
rence rate of the cohort was 12.9% among forty-four patients. The overall mean
time to recurrence was 28.36 months (range 3 - 84 months). Twenty-three pa-
tients admitted with prior history of CP surgery were not initially among the 44
patients with recurrence but were included in the study after undergoing surgical

treatment at our institution. Among these, two patients had already been surgically

Table 4. Summary of Postoperative complications in the study cohort.

Complication Total Cases (%) Management

Electrolyte Imbalance and

Diabetes insipidus 257 (87.4) Increased Fluid Intake and Desmopressin
Hydrocephalus 9(3.7) Ventro-peritoneal (VP) Shunting
Fever 3 Symptomatic treatment
Seizure 1 Prophylactic anti-epileptic medication
Cerebral spinal fluid leakage 2 Surgical duraplasty
Endocrine Disturbances 11 Appropriate Hormone Replacement
Hypothalamic damage 4 Conservative management
Wound infection 1 Surgical debridement
Postoperative intracranial 4 decompressive craniectomy and
hemorrhage tracheostomy
Perioperative death 5(1.5)
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treated twice for CP. As one of our primary objectives to determine the clinical
factors related to recurrence, bivariate analysis was carried and results are shown
in Table 6. Only prehistory of CP surgery was found to be the only factor to be

Table 5. Showing summary of recurrence data in our cohort of 341 patients.

Mean time to
Event No. of Cases (%) Recurrence Management
recurrence (range)
Prehist. 23 RCP S 16 Pteri 1, 4
rehistory 23 (67) 64.04 (3 - 180) urgery ( eriona

Occurrence Transsphenoidal, 2 Transcallosal)

37 RCP Surgery (33 Pterional, 2
1 Recurrence 44 (12.9) 28.36 (3 - 84) months Transcallosal; 2 Transsphenoidal)
4 Conservative; 2 GKS

4 RCP surgery (3 Pterional; 1

2M R, 6(16.2 30 (12-48 th
ecurrence (162) ( ) months Transphenoidal) 2 Conservative

Table 6. Analysis of the potential clinical risk factors related to CP recurrence.

Variable P value
Age 0.216
Sex 0.2599
Prehistory of Craniopharyngioma Surgery 0.0001*

Major Presenting Symptoms:

Endocrine imbalance 0.739
Visual Impairment 0.130
Headache 0.979
Nausea and Vomiting 0.698

Tumor Features

Cystic 0.621
Mixed 0.615
Solid 0.197
Calcification 0.969

Tumor Location

Suprasellar 0.627
Intrasellar 0.621
Intra-third ventricular 0.861
Surgical Approach
Open Craniotomy 0.707
Pterional 0.266
Transcallosal-transchoroidal 0.534
Transcortical-transventricular 0.703
Trans-sphenoidal 0.303
Extent of Resection 0.366
Follow-up survival 0.271

NS = non-significant; *significant at p = 0.05.
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significantly predictive of recurrence.

3.8. Follow-Up Results

Most patients (n = 229) were lost in the long-term follow-up by the recent fol-
low-up call due to non-compliance or outdated contact information. 114 pa-
tients were available for follow-up analysis. The mean follow-up period was 64.5
months (SD 41.16; maximum 134 months). Our data in the long-term follow-up
indicate that some patients still had existing neurological, ophthalmological, and
endocrinological functional deficits without radiologic recurrence, mostly includ-
ing visual disturbances (8); hypopituitarism (5) characterized by hypo-ACTH and
permanent DI; and hypothalamic damage symptoms (4) including behavioral
changes (4), memory decline (3) and obesity (4). Multivariate analysis of the
factors related to long term survival revealed that Gender, Sex, Postop complica-
tions, postoperative diabetes insipidus were not significant at a = 0.05. However,
poor outcome at discharge was significant at p < 0.0001 with a hazard ratio (fa-
vorable: unfavorable) = exp (2.298) = 9.952 deducing it as a high risk factor to
long term survival. Recurrence is significantly related to long term survival with
a Hazard risk of (exp (0.21598) = 1.241 indicating that recurrence is a risk factor.

Survival Rate. Survival analysis was of our cohort performed using Cox Re-
gression Method. Twelve of patients by the recent long term follow-up had died
within four years after surgery. The exact reasons for the death, whether surgery
related or other comorbidities could not be established as relatives were not
willing to discuss all details. A survival curve was plotted using Cox regression
method (Figure 6).

Survival Function at mean of covariates
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Figure 6. Survival curve at mean of covariates in the long-term follow up.
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4. Discussion

In the modern microsurgical era, the ultimate treatment standard for CP is still
arguable. Whereas the possibility of prospective randomized trials to scientifi-
cally address this subjectis unlikely, findings from large retrospective surgical se-
ries like this one adds offers relevant to existing scientific literature, but also
provides an analytical insight into the surgical management of CP in a decade at

single institution.

4.1. Patient Demographics and Presenting Symptoms

There were more males (59.2%) than females, more adults (79.8%) than children
in our series but this finding was not significant to any clinical factor. We found
two peak incidences between 10 - 20 years, and 40 - 50 years, supporting the
supposition of a binomial distribution of CP incidence deduced in several stu-
dies [6] [7] [10] [42]. In our cohort, most frequent major presenting symptom
was visual impairment (64.2%), followed by endocrine deficiency 62.5% and
headache 56.3%, similar to other studies [43]. In our series, the incidence of cys-
tic, solid or mixed tumor consistency was not of statistical significance as well as

the presence of calcification.

4.2. Craniopharyngioma Topography Hypothesis

In the light of no established consensus to date [8], several topographical classi-
fications defining CP have been mentioned in literature with the most notable
ones including Yasargil [12], Hoffman [9], Samii [44], Pascual [45], Kassam [46]
and a recent anatomical-approach subclassification by Morisako [47], with the
aim of aiding preoparative planning to achieve adequate resection. Our hypo-
thetical classification system simplifies CP topography into three major catego-
ries namely suprasellar, intrasellar and intra-third ventricular and ectopic based
on the major (widest diameter as seen both in any plane on MRI and intra-
operative real-time location) CP mass anatomic occupation in relation to the
sellar diaphragm. Although simplistic, this categorization nears description by
Mastuo et al. [48] and Fatemi et al [15]. We postulate that inasmuch as irregular
extensions [49] [50] into proximate fissures between the three major locations
described are of common occurence in CPs, they do not guarantee a specific
taxonomy hence a defined category. This argument is consistent with our neu-
roradiologic reporting standard at our institution where intracranial mass le-
sions suspected to be CP are defined as one of suprasellar, intrasellar, intra-third
ventricular, with or without extension, and has been used to designate CP loca-
tion in all previous published studies of CP series at our institution [31] [32].
The ultimate goal of our classification system was to aid in choice of operative
approach, along with other relevant clinical factors. Bivariate analysis results of-
fered support to our hypothesis as most suprasellar tumors were significantly (p
< 0.0001) treated with open transcranial approaches whereas intrasellar CPs

were significantly (p < 0.0001) operated with transsphenoidal approach.
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4.3. Selection of the Operative Approach

In the past decade, lack of proper awareness of the topographic location due to
CP variability in light of the existing diagnostic method was mentioned to influ-
ence poor outcome with associated surgical risks [45] [51]. An issue of specific
interest in our study to assess the most appropriate surgical technique to achieve
adequate degree of tumor removal for each patient, we performed a comparison
between OT and TS approach with respect to postoperative outcome and other
clinical factors. No superiority was seen in one choice over the other in relation
to postoperative outcome. There was an increased risk of postoperative DI in the
OT group (p < 0.0001), similar to findings in other CP surgical series Shu Kai et
al [3] and Du et al. [52].

In our series, the open transcranial approach was significantly (<0.0001) the
most used choice forsuprasellar CPs particularly the pterional approach (85.6%).
We now ascertain that the pterional approach is superior to the others ap-
proaches in excising large suprasellar CPs, in line with findings from a systemat-
ic review of 3470 patients by Komotar comparing outcomes with different ap-
proaches [18]. This trans-sylvian fissure route offers a window of access for tu-
mor removal through the opticocarotid triangles and the prechiasmatic space
[10].

For intra-third ventricular CPs, the transcallosal-transchoroidal (5.1%) ap-
proach was performed nearly as much as the transcortical-transventricular route
(5.7%) as the preferred approach. In parallel with our findings,several studies
have demonstrated the preference of these routes for surgical removal of in-
tra-third ventricular CP with or without extension to the suprasellar region [16]
[49] [53]. However, Joao et al argued that the transcallosal-transchoroidal ap-
proach offers a greater working space in the third ventricle than that afforded by
the transchoroidal approach [54]. Contrary to tradition, in our series, three pa-
tients with intra-third ventricular CP were operated using the TS with good re-
covery but only one patient had recurrence after 12 months and was retreated by
pterional approach, a feat similarly reported by Coppen and group [55].

Furthermore, the trasnsphenoidal route was used in 75% of the patients with
intrasellar CPs, significantly more frequently (p = 0.002; OR = 0.153) than the
open transcranial approach. Our findings support our CP location hypothesis
demonstrating that TS should be the approach of choice in purely intrasellar lo-
cated CPs. Our results are supported by earlier CP studies at our institution ex-
ploring the effectiveness of TS approach for intrasellar or infradiaphragmatic
CPs [2] [31] [32], as well as other studies in literature [10] [19] [55] [56]. This
route was preferred in tumors which were purely intrasellar or in cystic supra-
sellar CPs with a large downward extension penetrating the sellar diaphragm in-
to the sellar compartment. Fahlbusch et a/ mentioned the challenge of having to
split the displaced pituitary gland to achieve access to CP [10]. In disagreement,
similar to recent report by Lei Ting et al [2] our cohort chief surgeon, we equal-

ly did not encounter this challenge or find the need for resection of the pituitary
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stalk and suggest that conservative tumor removal can be achieved carefully by
sharp excision of the CP capsule [57] from the normal pituitary tissue with the
aid of neuronavigation and neuroendoscope to achieve maximal CP removal
with preservation of the normal pituitary stalk. Figure 7 shows images of neu-
roendoscopic intraoperative inspection following microsurgical resection.
Cerebral spinal leak which required surgical duraplasty was only encountered
in two patients who recovered fully while transient cases in the postoperative pe-
riod were often treated conservatively or with lumbar puncture. Interestingly,
while several authors have reiterated the advantageous use of endoscopic endo-
nosal approach over traditional craniotomy and transsphenoidal microscopic
approach in terms of greater tumor removal and outcome for CP treatment [18]
[19] [46] [58] [59], we argue that general practice, it is difficult to compare open
craniotomy and trans-sphenoid approaches because latter approach is choicely
used for smaller and intrasellar tumors, while open craniotomy is primarily ap-
propriated for large tumors with variable morphological features such as exten-
sion [49] or severe calcifications or evident vascular encasement seen on preo-
parative neuroimaging. In this present study, we would like to labor the point
that the choice of surgical approach should be individualized according to the
morphologic and topographic features manifested by the tumor on preoperative

MRI/CT studies. Our philosophy is supported by other studies in which several

Figure 7. showing intra-endoscopic inspection following microscopic resection of an
intrasellar CP. Notice the calcified tumor remnant (a) shown by the yellow arrows. In (b)
careful inspection of prechiasmatic window, (c) black arrow shows the complete resection
with careful preservation of the optic neural structures, (d) sumptuous preservation of the
hypothalamic arteries.
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topography-specific approaches such as transpetrosal approach for suprasellar
tumors with retrochiasmatic extension [60], endoscopic-assisted supraorbital
approach [14] [15] [61]; and neuroendoscopic fenestration followed by RT for
suprasellar cystic CPs [21] have been adopted with the aim of having the shortest

route to tumor removal as well with acceptable morbidity.

4.4. Extent of Tumor Resection and Postoperative Outcome

From our literature review, it was observed that the accepted standard for the
extent of tumor resection for CP and RCP continues to be contentious. Our
principle of individualized approach was supported by Turel [62] and De Vile
[63]. Nonetheless, most studies have advocated for gross total resection whenev-
er possible [3] [12]. The variability of CP morphological features renders it sur-
gically challenging to even the most skilled surgeons. [57] Calcifications, irregu-
lar extension into proximate anatomical space (Figure 8), tight adhesions to
chiasm or intimate vascular structures, large size were the most encountered
intraoperative challenges which led to the choice of subtotal resection, an ema-
nation supported by numerous studies [10] [12] [16] [17]. Our data analyses re-
vealed that cystic tumors offered a higher rate of total removal (p < 0.017) whe-

reas presence of calcification significantly favored subtotal resection (p <
0.0008). Others have adopted subtotal resection followed by radiotherapy [29]
[64] [65] or gamma knife surgery [26] [27] to achieve acceptable tumor control

Figure 8. Showing an illustrative case of severe tumor extension into all the three primary
tumor locations 3V-SS-IS. Preoperative MRI showing axial section (a) sagittal section (b)
and coronal view of the CP. Due to the extensive large size, the operation was done in a
two-stage method, first, the patient underwent transcranialpterional approach for subtot-
al resection of the suprasellar and intra-third ventricular portion of the tumor leaving an
intentional residue in the intrasellar region. Notice the residual intrasellar solid portion
observed 2 months after the first operation (d). At 7 months, the tumor size was symp-
tomatically increased in size (e), (f) and subsequently underwent surgery via the same
route.
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though with no uniform consensus. In a recent systematic review, Clark and as-
sociates found no difference in the one-year or five-year progression free rate
between the patients treated with GTR alone and STR combined with radiation
[30] Their results were consistent with Schoenfeld et al findings [64]. In our
cohort, although RT or GKS were not prescribed, however, three patients were
treated by GKS at other institutions as reported in their clinical records in the
postoperative follow-up period. There was no significant difference in extent of
resection and long term survival, in agreement with findings in a study by Dau-
benbuchel and associates [23].

There was no difference in outcome between children and adults, contrary to
findings by De Vile et al who reported a significant association between poor
out come and young age [63]. Similarly, we found no association between pre-
senting symptoms and outcome. In contrast, other authors found a significant
association between poor outcome and hydrocephalus [23] [66], visual distur-
bances [66] and presence of calcifications. There was no significant correlation
between outcome with the surgical choice, but in disagreement, Pascaul [45] noted
in surgical treatment of intra-third ventricular CPs, translaminar-terminalis ap-
proach was significantly associated a better postoperative outcome comparable
to other approaches. In our series, there was no difference in postoperative out-
come or long-term outcome between the GTR and STR. Our findings were sim-
ilar to Duff et al. who concluded that proper assessment of surgical outcomes of
CP patients should be ascertained not only the extent of resection but also the
long-term outcome of patients [66], while Patel et al found that GTR was asso-
ciated with an increased quality of life (p = 0.012) [67]. CP surgical treatment is
however, not without surgical-associated postoperative complications [2] [68]
[69] [70]. At 1.5% in our series, perioperative death the worst outcome was
comparable to similar studies [53] [71] [72]. The major cause of death in the pe-
rioperative period was postoperative intracranial hemorrhage in four patients
requiring craniectomy with subsequent malignant cerebral swelling to eventual
death.

4.5. Postoperative Electrolyte Disturbances and Endocrinilogical
Deficits

Microsurgical treatment of CP is notoriously challenged with postoperative
electrolyte disturbances [24] [73] characterized by hypernatremia in the early
postoperative period followed by hyponatremia in postop 4 - 6 days, usually
coexisting with onset central diabetis insipidus,caused by intraoperative trauma
to the hypothalus regions,pituitary infidibulum and posterior pituitary due to
surgical manouvers. Endocrological disturbances [68] [69] may ensue along with
electrolyte disturbances but this was not a common finding in our cohort. In our
center, postoperative management of CP patients involves daily morning and
evening routine check up of electrolytes panel and endocrinological panel every

two days until discharge. Onset electrolyte disturbances and DI were treated
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with adequate hydrationand appropriate use of desmopressin [24]. Hydroce-
phalus [23] was reported in nine patients (2.6%). In these patients, despite preo-
perative presentation with hydrocephalus with external ventricular drainage
performed to offer symptomatic relief, VP shunt placement was eventually per-

formed in 9 patients to offer definitve treatmentin the following months.

4.6. Tumor Recurrence

Tumor recurrence is a major conundrum to CP treatment and has been reported
in nearly all CP surgical series with recurrence rates ranging from 4% to as high
as 62% in published literature [4] [5] [44] [63] [74]. Our series of 341 patients
reported a 12.9% recurrence rate, comparable to similar large CP series, [12]
[43] [72] with a mean tumor free period of 28.36 (range: 3 - 84) months and 30
(range 12 - 48) months in the 6 patients with a second recurrence after surgical
retreatment of RCP. The predictors of recurrence and optimum treatment of
RCP still remain controvertible [41]. The debate centers around the universally
accepted predictors of recurrence whether clinical, histopathological or molecu-
lar factors, which to date, inconsistently vary in different scientific reports lead-
ing to no consensus. Of specific interest to our study to determine the clinical
factors related to recurrence, we hypothesized that residual tumor following
subtotal resection is a risk factor to recurrence. There was a positive correlation
between a prehistory of CP surgery and CP recurrence (p < 0.0001) significant at
0.01 (2-tailored), indicating that in patients who recurrence occurred, even with
surgical management there is a higher chance of tertiary recurrence. One patient
in our cohort underwent a total of four CP surgeries to achieve total resection. In
this patient, the primary surgery was undertaken 8 years before the second sur-
gery, followed with recurrence and surgery two years after, but recurred again
after one year with subsequent surgery. We found no significant relation be-
tween recurrence and age, sex or presenting symptoms, consistent with pub-
lished studies [43] [66] [71] [75] [76] [77] but also contrary to several authors
who identified age [63] [78] [79], male sex [41] [80], hydrocephalus [63], as
clinical indicators of recurrence. Based on clinical experience, we predicted that
cystic tumors of suprasellar location were possibly linked to a high likelihood of
recurrence. This prediction was based on the high incidence of suprasellar
(58.1%) and cystic CPs (74.2%) requiring variable surgical approaches at our in-
stitution. Although cystic tumors favored GTR (p < 0.0001), bivariate analysis
revealed no significant correlation between CP location, CP consistency, the
choice of approach with the risk of recurrence. These findings were consistent
with other studies in literature [63] [80] [81], although some authors have dis-
closed contrasting results [63] [78] [82]. Additionally, Komotar et a/ mentioned
the presence of intrasellar tumor residual as a major risk factor of reccurence
[18]. A review of the literature (Table 7) revealed that a proportionate number
of studies reported residual tumor to be a significant predictor of recurrence [9]
[10] [11] [18] [43] [64] [75] [82] [83]. Interestingly, in our series, inasmuch as
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Table 7. Showing comparative results of large (n > 100) craniopharyngioma retrospective series.

Zuccaro, 2005 [77] 153 Ch 0 - 51% 37 Residual CP
Karavitaki et al, 2005 [50] 12142 Ch + 79 Ad - - - 30 Residual CP Non-RT
Gupta et al, 2006 [86] 12132 Ch + 89 Ad 13% 30% 16 9 Resm‘?iii:i: 4cm
Shi et al, 2008 [76] 309 50 Ch + 259 Ad 14% 75% 22 6 Residual CP Size > 6 cm
Mortini et al., 2011 [78] 11234 Ch + 78 Ad  Global recurrence rate: 24.5% Residual CP Non-RTGender
Schoenfeld et al, 2012 [70] 122 47 Ch +75 Ad 25% 64% 27% 12 Residual CP Non-RT
Gautier et al.,, 2012 [84] 171 65 Ch +106Ad 20% 64% 27% 12 Residual CP Hd, Gender
Prehistory of CP surgery
Current Study* 34169 Ch 272 Ad 11.7% 15.7% -- 30.7 23.8 RESIDUAL CP NOT FOUND

SIGNIFICANT

the recurrence rate in the GTR group was 11.7% whereas 15.7% in the STR
group, this result was not statistically significant. This is not surprising because
numerous studies have reported recurrence even after GTR [74] [77] [84]. Our
findings of non-significance of residual tumor due to STR with recurrence are in
line with previous reports [71] [73] [85] [86]. It must be mentioned that com-
pared to these studies, our large cohort of 341 patients may lend powering sup-
port to our findings. However, GTR offered a longer mean recurrence free pe-
riod (31 months) compared to STR (24 months) although this finding was not
statistically significant. Nevertheless, our findings of 24 months in the STR group
was convincingly longer than in comparison to other CP series demonstrating
that our individual-based approach may offer an acceptable morbidity free pe-

riod for a patient before recurrence occurs.

4.7. Treatment of Recurrent Craniopharyngioma
and Long-Term Survival

There was no significant association between outcome at discharge and recur-
rence rate. 84% of the RCP patients were surgically retreated primarily with pte-
rional approach with unremarkable results. Only 6 patients, of which four un-
derwent surgery were reported for secondary recurrence in the follow-up period.
In our series, no significant association between recurrence and long-term sur-
vival was observed. Our results near those of Elliot and colleagues who observed
no significant differences in postoperative outcome between primary CP and
RCP patients [87], but further mentioned STR, large tumor size (>5 cm) and
hydrocephalus as predictors of poor long-term survival [87]. Patel et al pro-
posed that tumor recurrence due to residual tumor was negatively associated
with the long-term quality of life [67]. Our results help illustrate that long-term
tumor control can be achieved with surgical treatment with or without adjuvant
radiotherapy, in agreement with several studies [2] [10].

Regrettably, the surgical treatment of CP is universally challenging with long-

term morbidities reported in several studies [66] [67]. Similar to other investi-
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gators, the most encountered morbidities included visual disturbances [43], hy-
popituitarism, permanent diabetes insipidus [43], hydrocephalus [23], obesity
[77] and hypothalamic dysfunction [4] [23] [81].

In summary, the clinical predictors and optimal treatment of RCP continue to
be debatable. While most studies analyzed small CP cohorts undergoing diversi-
fied therapeutic options, we argue that this factor obviate the relevance of the
results. Nevertheless, the findings of our large cohort have reinstated that recur-
rence CP can be treated surgically in parallel with the treatment principles as for
primary CP with the aim of performing adequate tumor resection to achieve de-
finitive acceptable long-term outcomes without undergoing the risks associated

with radiotherapy or chemotherapy [10].

4.8. Potential Limitations

Our study however, was not without limitations. First, the restrospective nature
of our study is comparable to prospective studies in terms of implicit bias.
Whether tumor size or shape, adhesions histological subtype, molecular analysis
and radiologic findings were likely to impact the postoperative outcome or re-
currence rate in our study was not elucidated since data on the clinical factors
was inconsistently reported in some of the patients and therefore not included.
Surgeries were performed by multiple surgeons which could lend a bias in the
choice of surgical approach and treatment outcome due to disparities in person-
al preference. Our study could not include information on adjuvant radiation
(AR) as it is not a routine treatment modality choice for CP at our center, as well
as other less invasive adjuvant therapeutic modalities such as GKS, brachythera-
py, mentioned in modern era management of CP with reported acceptable tu-
mor control. Finally, there was incomplete long-term follow-up data due to out-

dated contact details. Future research protocols can look into these areas.

5. Conclusion

Based on our findings, we have shown that both gross total resection and selec-
tive subtotal resection offer a good postoperative outcome and long-term tumor
control. Transcranial surgery was significantly more used in tumors of suprasel-
lar location whereas transsphenoidal surgery was shown to be the preferred
choice for intrasellar tumors. Residual tumor following subtotal resection was
not found to be risk factor for recurrence. Only prehistory of craniopharyngi-
oma surgery was found to be significant risk factor of craniopharyngioma re-
currence. Due to tumor variability in patient to patient, we emphasize an indi-
vidualized selective approach for the optimal choice of approach and degree of

resection to achieve acceptable morbidity and long term tumor control.
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