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Endocrine and Metabolic Outcomes After Transcranial and Endoscopic Endonasal
Approaches for Primary Resection of Craniopharyngiomas
Xiaoqing Li1,3, Wei Wu1, Qing Miao1, Min He1, Shuo Zhang1, Zhaoyun Zhang1, Bin Lu1, Yehong Yang1, Xuefei Shou2,
Yiming Li1, Yongfei Wang2, Hongying Ye1
-OBJECTIVE: Craniopharyngiomas have traditionally been
resected through the transcranial approaches (TCA). The
endoscopic endonasal approach (EEA) has recently been
developed as an alternative for surgeons, but controversy
remains regarding which approach has better outcomes.
We compared the endocrine and metabolic outcomes of
TCA and EEA in patients who underwent primary resection
of craniopharyngiomas.

-METHODS: A retrospective analysis was conducted of
patients with craniopharyngioma who were treated by the
department of endocrinology and metabolism at our insti-
tution between 2011 and 2015.

-RESULTS: Of 43 patients assessed, 26 underwent TCA and
17 underwent EEA. After surgery, 29.4% (5/17) of patients in
the EEA group had normal anterior pituitary function,
whereas none in the TCA group had complete anterior pitu-
itary function. Higher prevalences of corticotropic deficiency
(92.3% vs. 52.9%, P [ 0.009), thyrotrophic deficiency (96.2%
vs. 52.9%, P [ 0.003), and hypogonadotropic hypogonadism
(100% vs. 70.6%, P[ 0.014) were found in the TCA group. The
TCA group showed a trend toward having more patients with
at least 3 anterior pituitary deficits (88.5% vs. 58.8%,
P [ 0.060). The mean body mass index at last follow-up
tended to be lower in the EEA group (24.13 � 3.16 kg/m2 vs.
26.79� 4.5 kg/m2, P[ 0.079), and the preoperative body mass
indexwas comparable between groups. Similar prevalences
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of overweight/obesity, hypertension, hyperglycemia, and
metabolic syndrome were detected in the 2 groups. More-
over, no significant differences were observed in the rates of
cerebrospinal fluid leakage and intracranial infection be-
tween the 2 groups.

-CONCLUSIONS: EEA may provide the same gross total
resection rate for craniopharyngioma as TCA while
providing better protection of anterior pituitary function.
INTRODUCTION
raniopharyngiomas are rare embryologic tumors arising
from the remnants of squamous epithelium along the
Ccraniopharyngeal duct. They are typically located in the

sellar/parasellar region, close to several critical neural and vascular
structures such as the optic apparatus, the pituitary gland, and the
hypothalamus.1 Despite high survival rates, craniopharyngiomas
are frequently associated with poor outcomes. It is reported that
54% to 100% of patients with craniopharyngioma had at least 3
anterior pituitary deficiencies after treatment and 25% to 86% had
central diabetes insipidus.1-4 Both hypopituitarism and diabetes
insipidus contribute to the excess mortality in craniopharyngioma.2

Moreover, patients with hypothalamic damage often experience
substantial weight gain, resulting in remarkably increased
metabolic morbidities and cardiovascular mortalities.3,4

Surgical removal is the predominant treatment of craniophar-
yngioma. Complete resection was reported with significantly lower
TCA: Transcranial approach
TG: Triglyceride
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relapse rates, but usually at the cost of critical neuroendocrine
function.5 Instead, some investigators advocated more conservative
surgical approaches followed by radiotherapy to obtain comparable
local control and fewer complications.6-8 Traditionally, these tu-
mors have been surgically removed via transcranial approaches
(TCA), including anterolateral approaches (frontolateral, pterional,
orbitopterional, orbitozygomatic, and supraorbital eyebrow),
midline approaches (frontobasal interhemispheric and transbasal
subfrontal), and lateral approaches (combined subtemporal and
petrosal).9 These approaches share increased risks for visual
deterioration, stroke, and other neurologic complications
resulting from brain retraction and manipulation of neurovascular
structures.10-15

Over the past decade, the endoscopic endonasal approach (EEA)
has been developed as an alternative for surgeons. This approach
provides a direct access to tumors via a subchiasmatic corridor
without brain retraction and manipulation of neurovascular struc-
tures, and it offers a wide operative field. Postoperative cerebro-
spinal fluid (CSF) leak is the major problem associated with this
approach. However, the incidence of CSF leak has been dramatically
reduced because of the introduction of endoscopic skull base
reconstruction with the vascularized nasoseptal flap.14,16,17

Although there are numerous reports of individual experiences
with the TCA and EEA, there are only 4 single-institution series
analyses and 1 meta-analysis comparing surgical outcomes.15,18-21

These studies comparing surgical outcomes were focused on
resection rate and visual and neurologic outcomes, but endocrine
deficiencies were roughly categorized as panhypopituitarism and
diabetes insipidus. No individual pituitary axis function or meta-
bolic outcomes were reported. Besides, stimulation tests were not
performed in most of these studies. Furthermore, most of these
studies included patients after both primary and repeated re-
sections. It remains unclear whether the choice of TCA or EEA for
the primary resection offers any advantage in endocrine and
metabolic outcomes. In the present study we compared the
endocrine and metabolic outcomes after initial resection of cra-
niopharyngioma via TCA and EEA at our institution.

MATERIALS AND METHODS

Study Population
We searched the electronic medical case system of Huashan
Hospital for patients with pathologic diagnosis of craniophar-
yngioma made between January 2011 and December 2015. Patients
who received repeated surgery or radiotherapy were excluded to
avoid confounding factor. Patients less than 18 years old were also
excluded. In order to reduce the selection bias, preoperative
magnetic resonance images (MRI) were reviewed by an indepen-
dent neurosurgeon who masters both approaches, and patients
were included only if the neurosurgeon confirmed that the tumor
was amenable to both EEA and TCA. All the surgeries were per-
formed at our institution. The senior author (YF Wang) performed
all the EEA surgeries, while 4 different surgeons, including the
senior author (YF Wang), performed all the TCA cases. All 4
surgeons have more than 10 years of experience in craniophar-
yngioma resection. Gross total resection with special attention on
preserving hypothalamic-pituitary function and optic nerve was
the primary goal for all patients. This study was approved by the
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institutional review board of Huashan Hospital, Fudan University.
All patients were informed of the purpose of this study and signed
a written consent form.

Data Collection
Medical records of all recruitedpatientswere reviewed.Demographic
information including age and gender, presenting symptoms,
radiologic findings, extent of resection (EOR), follow-up period,
endocrine outcomes, body mass index (BMI), metabolic outcomes
and complications of surgery were analyzed. Patients were separated
into the TCA and EEA groups according to their surgical approach
and comparisons were made between the 2 groups.
Neuroradiologic characteristics were identified from preopera-

tive MRI in all cases. Tumor topography was classified into 5 cate-
gories using the classification scheme of Barrios as reported by
Prieto et al.22,23 and Pascual et al.24 Tumor consistencies were
divided into predominantly cystic, predominantly solid, and
mixed. Maximum tumor diameters were also recorded. Presence
of calcification was determined by surgical records or
preoperative computed tomographic scans if available. EOR was
estimated based on postoperative MRI.
All patients underwent standardized endocrine evaluation in our

department before and after surgery. Patients with a morning
cortisol level <3 mg/dL was deemed to have central adrenal
insufficiency, and a morning cortisol level >15 mg/dL was regarded
as normal.25 Patients whose morning cortisol levels between 3 and
15 mg/dl underwent adrenocorticotropic hormone stimulation test
or insulin tolerance test, and a peak cortisol value <18 mg/dL was
defined as central adrenal insufficiency. Central hypothyroidism
was diagnosed by serum free thyroxine level below the reference
range with insufficiently elevated thyroid-stimulating hormone.
In men, central hypogonadism was diagnosed if testosterone was
low in conjunction with normal or low luteinizing hormone and
follicle-stimulating hormone. In premenopausal women, central
hypogonadism was diagnosed if low or normal gonadotropins
coincided with estradiol levels <100 pmol/L, oligomenorrhea,
amenorrhea, or infertility. In postmenopausal women, central
hypogonadism was diagnosed by low serum luteinizing hormone
and/or follicle-stimulating hormone. Clinical presentation, urine
specific gravity, urine and serum osmolality, serum sodium level
and need for desmopressin treatment were comprehensively
evaluated for the diagnosis of central diabetes insipidus. Some but
not all patients underwent water deprivation testing.
Metabolic syndrome (MS) was diagnosed if patients met 3 or

more of the following criteria: 1) overweight (BMI �24 kg/m2) or
obesity (BMI �28 kg/m2) according to the Working Group on
Obesity in China26; 2) elevated blood pressure (systolic blood
pressure �130 mm Hg and/or diastolic blood pressure �85 mm
Hg); 3) hyperglycemia (fasting plasma glucose �5.6 mmol/L or
use of antidiabetic drugs); 4) elevated triglyceride (TG) (fasting
TG �1.7 mmol/L); 5) reduced high-density lipoprotein cholesterol
(HDL-c) (fasting HDL-c <1.0 mmol/L in men or <1.3 mmol/L in
women).27 In addition, dyslipidemia was identified as having raised
fasting TG with or without lowered fasting HDL-c.27

Statistical Analyses
Statistical analyses were performed using SPSS (The IBM Corpo-
ration, Armonk, New York, USA), and figures were created by
www.journals.elsevier.com/world-neurosurgery e9
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Table 1. Demographics and Presenting Symptoms of Patients

TCA (n [ 26) EEA (n [ 17) P Value

Age, years: mean �SD

Age at presentation 40.31 � 15.52 43.59 � 14.98 0.496

Age at last follow-up 44.08 � 14.63 44.35 � 14.08 0.951

Sex 0.494

Male 15 8

Female 11 9

Follow-up, months:
median (range)

9 (3.0e22.9) 5.5 (3.0e7.0) 0.052

Presenting symptoms

Visual disturbance 20 (76.9%) 15 (88.2%) 0.595

Headache 11 (42.3%) 4 (23.5%) 0.207

Menstrual disorder/impaired
sexual function

11 (42.3%) 5 (29.4%) 0.392

Polyuria/polydipsia 8 (30.8%) 5 (29.4%) 0.925

Fatigue 7 (26.9%) 6 (35.3%) 0.559

TCA, transcranial approach; EEA, endoscopic endonasal approach.

Table 2. Radiologic Characteristics at Presentation and Extent
of Resection

TCA
(n [ 26)

EEA
(n [ 17) P Value

Tumor topography 26 17 1.000

Sellar-suprasellar 4 3

Suprasellar-pseudointraventricular 7 5
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GraphPad Prism (The GraphPad Software, Inc, La Jolla, California,
USA). Continuous variables were described with means � stan-
dard deviations, medians, and interquartile ranges as appropriate.
Categoric variables were described as frequencies and percent-
ages. Comparisons of continuous variables between the 2 groups
were performed using the Student t test or the Mann-Whitney
U test. c2 tests or Fisher exact tests were used to compare cate-
goric variables. Additionally, paired t test was used for preopera-
tive and postoperative BMI of each group. P <0.05 was considered
statistically significant.
Secondary intraventricular 5 3

Infundibulo-tuberal or not
strictly intraventricular

9 6

Strictly intraventricular 1 0

Consistency 25 17 0.075

Predominantly cystic 1 5

Mixed 16 9

Predominantly solid 8 3

Calcification 24 15 1.000

Yes 16 10

No 8 5

Maximum tumor diameter (mm),
mean � SD

29.51 � 9.49 25.18 � 8.25 0.146

Extent of resection 26 17 0.964

Gross total 17 11

Subtotal 9 6

TCA, transcranial approach; EEA, endoscopic endonasal approach; SD, standard deviation.
RESULTS

A total of 62 adult patients underwent primary resection of cranio-
pharyngioma at our institution during the study period. Nineteen
patients with significant lateral extension of the tumors were
excluded because they were not amenable to either EEA or TCA. The
remaining 43 patients were included in this retrospective analysis,
amongwhich 26patients underwent resection byTCAand 17 by EEA.
Representative preoperative and postoperative MRI of both
approaches are shown in Supplementary Figure 1. In the TCA group,
the surgical approaches included subfrontal (11.5%), supraorbital
keyhole (11.5%), pterional (69.2%), and longitudinal fissure
approach (7.7%). The diagnoses of craniopharyngioma were all
histologically confirmed. Pathologic subtypes were available in a
majority of patients. The ratios of adamantinomatous variant
versus papillary variant in the TCA and EEA groups were 11:11 and
6:8, respectively; no significant differences were found between
the groups (P ¼ 0.676).
Demographic characteristics and presenting symptoms are

shown in Table 1. The mean age at presentation was comparable
between the TCA and EEA groups (40.31 � 15.52 vs. 43.59 � 14.98
e10 www.SCIENCEDIRECT.com WORLD NE
years, P ¼ 0.496). No differences were found in the proportion of
women (42.3% vs. 52.9% in the TCA and EEA groups, respectively,
P ¼ 0.494) between the 2 groups. The TCA group showed a
tendency of having longer follow-up (median, 9.0; range, 3.0e
22.9 months vs. median, 5.5; range, 3.0e7.0 months; P ¼ 0.052).
Visual disturbance was the most prevalent presenting symptom in
both groups. Other common presenting symptoms included
headache, menstrual disorder or impaired sexual function, poly-
uria and polydipsia, fatigue, weight gain, and cognitive impair-
ment. There were no significant differences in presenting
symptoms between groups.
As shown in Table 2, the distribution of craniopharyngioma

topography was similar between the 2 groups (P ¼ 1.000). More
than half of these tumors were mixed and calcified. The mean
maximum tumor diameter was 29.51 � 9.49 mm in the TCA
group and 25.18 � 8.25 mm in the EEA group. No significant
differences were found in the above radiologic characteristics
between the 2 groups. Gross total resection was achieved in 17
(65.4%) patients in the TCA group and in 11 (64.7%) patients in
the EEA group. The EOR was comparable between the groups
(P ¼ 0.964).

Endocrine Outcomes
Prevalence of preoperative endocrine deficiencies was similar be-
tween the 2 groups (Table 3). After surgery, endocrine deficiencies
UROSURGERY, https://doi.org/10.1016/j.wneu.2018.08.092
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Table 4. Endocrine Deficiencies at Last Follow-Up

TCA (n [ 26) EEA (n [ 17) P Value

Normal anterior pituitary function 0 (0.0%) 5 (29.4%) 0.014*

Adrenal insufficiency 24 (92.3%) 9 (52.9%) 0.009*

Hypothyroidism 25 (96.2%) 9 (52.9%) 0.003*

Hypogonadism 26 (100.0%) 12 (70.6%) 0.014*

At least 3 anterior pituitary deficits 23 (88.5%) 10 (58.8%) 0.060

Diabetes insipidus 16 (61.5%) 11 (64.7%) 0.834
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were more frequent in the TCA group than in the EEA group
(Table 4). The TCA group had a significantly higher prevalence of
corticotropic deficiency (92.3% vs. 52.9%, P ¼ 0.009), thyrotropic
deficiency (96.2% vs. 52.9%, P ¼ 0.003), and hypogonadotropic
hypogonadism (100% vs. 70.6%, P ¼ 0.014). No significant
differences were found in central diabetes insipidus (61.5% in
TCA vs. 64.7% in EEA, P ¼ 0.834). There was a trend toward
more patients with at least 3 anterior pituitary deficits in the TCA
group (88.5% vs. 58.8%, P ¼ 0.060). Moreover, 29.4% (5/17) of
patients in the EEA group had normal anterior pituitary function
at the last follow-up, whereas none in the TCA group were
observed with complete anterior pituitary function.
TCA, transcranial approach; EEA, endoscopic endonasal approach.
*P value <0.05.
Metabolic Outcomes
The mean preoperative BMI was comparable in the 2 groups (23.87
� 4.12 kg/m2 in the TCA group vs. 23.14 � 3.93kg/m2 in the EEA
group, P ¼ 0.572). After surgery, a remarkable increase in BMI was
seen in each group (Figure 1), whereas at the latest follow-up, the
mean BMI showed a trend toward being lower in the EEA group than
in the TCA group (24.13 � 3.16 vs. 26.43 � 4.62 kg/m2, P ¼ 0.079).
Similarly, the proportion of overweight or obesity did not differ
significantly between groups (Table 5).
The TCA group had lower HDL-c than did the EEA group (0.87

� 0.25 vs. 1.08 � 0.32 mmol/L, P ¼ 0.023). There was also a trend
of elevated TG in the TCA group (3.10 � 2.16 vs. 2.19 � 0.94
mmol/L, P ¼ 0.075). Total cholesterol, low-density lipoprotein
cholesterol, fasting plasma glucose, and glycosylated hemoglobin
A1c were similar between the 2 groups (Table 5). Moreover, the
prevalence of elevated blood pressure, dyslipidemia, and
hyperglycemia was comparable between the 2 groups (Table 5).
Seventeen patients (65.4%) of the TCA group and 7 patients
(41.2%) of the EEA group met the criteria of MS (P ¼ 0.118). No
difference was found in the number of features of MS between
the 2 groups.
Complications
Three patients in the EEA group experienced CSF leakage after
surgery (17.6% in EEA group vs. 0.0% in TCA group, P ¼ 0.108),
all underwent additional repair before discharge. One patient in
each group experienced intracranial infection (5.9% in EEA group
vs. 3.8% in TCA group, P ¼ 1.000).
Table 3. Preoperative Endocrine Deficiencies*

TCA (n [ 26) EEA (n [ 17) P Value

Adrenal insufficiency 5/23 (21.7%) 4/17 (23.5%) 0.799

Hypothyroidism 13/24 (54.2%) 5/17 (29.4%) 0.116

Hypogonadism 18/24 (75.0%) 9/16 (56.3%) 0.215

Diabetes insipidus 8/26 (30.8%) 5/17 (29.4%) 0.925

TCA, transcranial approach; EEA, endoscopic endonasal approach.
*Numerator ¼number of patients with confirmed endocrine deficiencies; denominator ¼

number of patients with available data.
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DISCUSSION

The optimal surgical approach for craniopharyngiomas remains
controversial. Surgeons have traditionally opted to use TCAs for
resection of suprasellar tumors with or without lateral extension
(schematic diagrams and videos of these approaches can be found
in the website https://www.neurosurgicalatlas.com). The common
concerns for these approaches are the neurologic complications
caused by brain retraction and optic nerve manipulation.18,28 Over
the past decade, EEA has evolved into an alternative approach for
the treatment of suprasellar craniopharyngiomas. It offers ventral
access to the suprasellar compartment, avoiding retraction of the
brain and cranial nerves, and providing better visualization of the
pituitary gland.29 A growing amount of evidence shows
significantly improved visual outcomes and decreased neurologic
injuries in patients receiving the EEA as compared with the
TCA, despite more CSF leakage in the EEA.18-21 However, it is
unclear whether the EEA has better endocrine and metabolic
outcomes.
Figure 1. Bar graph showing body mass index (BMI) preoperatively and
postoperatively at last follow-up, in patients undergoing resection of
craniopharyngiomas by the transcranial approach (TCA) and the
endoscopic endonasal approach (EEA); ns ¼ not significant.
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Table 5. Metabolic Data at Last Follow-Up

TCA (n [ 26) EEA (n [ 17) P Value

TG (mmol/L) 3.10 � 2.16 2.19 � 0.94 0.075

CHO (mmol/L) 5.52 � 1.50 5.06 � 1.17 0.292

LDL-c (mmol/L) 3.14 � 1.28 2.98 � 0.94 0.676

HDL-c (mmol/L) 0.87 � 0.25 1.08 � 0.32 0.023

FPG (mmol/L) 5.68 � 1.54 5.25 � 0.73 0.318

HbA1c (%) 6.15 � 1.42 5.76 � 0.81 0.326

Overweight/obesity 18 (69.2%) 8 (47.1%) 0.146

Elevated blood pressure 9 (34.6%) 7 (41.2%) 0.663

Dyslipidemia 22 (84.6%) 12 (70.6%) 0.470

Hyperglycemia 12 (46.2%) 4 (23.5%) 0.133

MS 17 (65.4%) 7 (41.2%) 0.118

Number of features of MS,
median (range)

3 (2e4) 2 (1e3) 0.164

TCA, transcranial approach; EEA, endoscopic endonasal approach; TG, triglyceride; CHO,
total cholesterol; LDL-c, low-density lipoprotein cholesterol; HDL-c, high-density li-
poprotein cholesterol; FPG, fasting plasma glucose; HbA1c, glycosylated hemoglobin
A1c; MS, metabolic syndrome.

ORIGINAL ARTICLE

XIAOQING LI ET AL. TRANSCRANIAL VERSUS ENDONASAL APPROACH TO RESECTION OF CRANIOPHARYNGIOMAS
In this study, most patients underwent standardized endocrine
and metabolic evaluation after the initial surgery to remove the
craniopharyngioma. The TCA and EEA approaches had compa-
rable gross total resection rates, whereas postoperative endocrine
deficiencies were significantly decreased in the EEA group. In-
dicators of MS, including blood glucose, blood pressure, BMI, and
lipid profile were not different between the 2 groups, except that a
higher level of HDL-c was observed in the EEA group. These
findings indicated that anterior pituitary function preservation
should be considered an advantage of EEA when the tumor is
amenable to both approaches.
The demographic profile and presenting symptoms were

similar between the EEA and TCA groups. Furthermore, no dif-
ferences were found in tumor topography, consistency, size, and
preoperative endocrine deficiencies between the 2 groups. This
homogeneity suggests that the differences in surgical outcomes
derive from surgical approaches rather than the differences in the
selected patients or tumors.
The EOR was similar between the TCA and EEA groups as well,

with gross total rates of 65.4% and 64.7%, respectively. These rates
were comparable to those reported by previous studies.8,30,31

Interestingly, the meta-analysis by Komotar et al.,18 which
included 88 studies and 3470 patients, found a significantly
higher rate of gross total resection in the EEA cohort than in the
TCA cohort. One possible explanation is that those workers
primarily included studies with a single surgical approach rather
than studies comparing the 2 approaches. In addition, the gross
total resection rates of primary surgery were not separated from
those of reoperation in the meta-analysis. Supporting this expla-
nation are 2 prior reports finding no differences in EOR between the
2 approaches after the initial surgery for craniopharyngioma.19,21
e12 www.SCIENCEDIRECT.com WORLD NE
Moreover, preoperative characteristics such as mean age, present-
ing symptoms, and intraventricular extension were different be-
tween the 2 cohorts in themeta-analysis, whichmight have played a
role in the surgical outcomes. Because all reports, the present study
included, are retrospective, further investigation is needed to
definitively establish the differences in EOR between these 2
approaches.
An important observation from this study was that the post-

operative rates of adrenal insufficiency, hypothyroidism, and
hypogonadism were significantly lower in the EEA group than in
the TCA group. Furthermore, there were more patients with
normal anterior pituitary function in the EEA group. These find-
ings indicate that the EEA group had better endocrine outcomes
after primary resection. This is reminiscent of earlier findings of
substantially fewer new endocrine deficits after transsphenoidal
surgery than after transcranial surgery.12,32 It is possible that early
debulking of the tumor through the ventral approach and better
visualization of the hypothalamus and tumor surface provided by
the EEA aids with preservation of hypothalamic-pituitary func-
tion.18,33 However, it is difficult to directly compare these results
with previous studies comparing endocrine outcomes of the EEA
and TCA, in as much as individual pituitary axis function was not
reported in their studies.19-21

With regard to at least 3 anterior pituitary deficits, there was a
trend toward a lower rate in the EEA group although statistical
significance was not reached. This might be due to limited power of
the small study population. It is noteworthy that several previous
findings showed that panhypopituitarism rate appeared to be
comparable between these 2 approaches.18,19,21 However, most of
those studies included patients who underwent repeated surgeries
or radiotherapy; whether the EEA itself was responsible for better
endocrine outcomes still needs to be explored. In addition, we
found no differences in the rate of diabetes insipidus between the 2
approaches. Although the meta-analysis displayed a significantly
reduced rate of diabetes insipidus in the EEA group, 2 studies
comparing surgical outcomes in a single institution reported
similar rates of diabetes insipidus between the 2 approaches.19,21

Hypothalamic obesity is linked to excess cardiovascular mor-
tality. In this study, we found a trend toward lower BMI at last
follow-up in the EEA group, although no differences were found in
the proportion of overweight or obese patients. As reported, rapid
weight gain occurred frequently after treatment for craniophar-
yngioma, usually within the first 12 months.34-36 Consequently, the
prevalence of obesity can reach 40% to 75% after treatment.3,37-40

Given the relatively short follow-up periods in our series, and
better preservation of hypothalamic-pituitary function in the EEA
group indicated by improved endocrine outcomes, it is reasonable
to suppose that EEA could decrease the occurrence of hypotha-
lamic obesity. This will be an important direction of further
investigations.
We found a much higher prevalence of MS, especially dyslipi-

demia and hyperglycemia, in both groups after primary resection
than in the general population in China.41,42 This is consistent
with previous findings that MS and type 2 diabetes mellitus were
more frequent in patients with craniopharyngioma.2,37,40,43 It is
also reported that both childhood and adult craniopharyngioma
patients had increased rates of dyslipidemia.4,37,40 We detected no
differences in the prevalence of these metabolic features between
UROSURGERY, https://doi.org/10.1016/j.wneu.2018.08.092
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the 2 groups, except that the EEA group had significantly elevated
HDL-c, which is negatively associated with coronary heart dis-
ease.44 Whether the different surgical approaches affect
cardiovascular mortalities and morbidities deserves further
investigation.
There are several limitations to this study. First, we recruited

patients retrospectively. The choice of surgical approach was
determined by the surgeons and was not based on randomization.
However, it is reasonable to believe that the tumors included in this
study were amenable to both approaches, in as much as the image
characteristics were comparable between the 2 groups. Second, 4
different surgeons performed all the TCA cases. To explore whether
surgeons’ experience and skills would influence the outcomes, we
classified the TCA group into 4 subgroups according to the sur-
geons and found no significant differences in gross total resection
rate, postoperative endocrine deficiencies, andmetabolic outcomes
among the 4 groups (data not shown). Third, only patients with
available follow-up data were analyzed. It is possible that those with
endocrine deficiencies or other discomforts were more likely to be
admitted to hospital, whichmight have caused overestimation of all
complications. Fourth, prevalence of growth hormone deficiency
WORLD NEUROSURGERY 121: e8-e14, JANUARY 2019
and preoperative MS was not evaluated in our series. However, we
found similar preoperative rates of adrenal insufficiency, hypothy-
roidism, and hypogonadism, along with comparable BMI, between
the 2 groups. Finally, the limited follow-up durationmight affect the
validities of our findings on postoperative BMI. In addition, we
could not draw any conclusion on the differences in recurrence rates
between the 2 approaches because of the short follow-up period.
Further studies are needed to conclusively address this issue.

CONCLUSION

Our results demonstrate that hypopituitarism and metabolic dis-
orders are common complications of patients after initial resection
of craniopharyngioma. Although it remains to be tested, our
findings highlight better preservation of anterior pituitary function
by the EEA. Our data add to the increasing evidence that EEA is a
safe and effective alternative for craniopharyngiomas.
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