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Chapter 17
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ABSTRACT

Objective

Adults patients previously treated for craniopharyngioma have increased general and physical 

fatigue compared to healthy controls. This could be related to disturbed sleep patterns. The aim 

of this study was to compare sleepiness and sleep patterns in those patients to healthy controls 

and to patients treated for non-functioning macroadenomas (NFMA) of the pituitary.

Design

Case-control study.

Patients and methods

Sleepiness and sleep patterns were assessed in 27 adult patients (14 men, 8 patients diagnosed 

at childhood age, mean age of 53 years (range 27-80 yrs)) after long-term follow up and 

compared to 50 healthy controls and 38 age-, gender- and BMI matched patients with NFMA. 

We used two validated questionnaires for sleep parameters (Epworth sleepiness score and 

Münchener Chronotype Questionnaire).

Results

Sleep patterns (onset, sleep timing, duration, and rise time) were not statistically diff erent 

between the three groups. However, daytime sleepiness scores were increased in patients 

treated for craniopharyngioma compared to healthy controls, but not diff erent from patients 

with NFMA. Thirty-three percent of patients with craniopharyngiomas had ESS scores above 10 

compared to 8% of healthy controls (p=0.005), indicating severe daytime hypersomnolence. 

Neither type of surgery, previous radiotherapy, or age at diagnosis infl uenced the sleepiness 

scores in patients with craniopharyngioma.

Conclusion

Patients treated for craniopharyngioma or NFMA have increased daytime somnolence despite 

normal sleep patterns, compared to healthy subjects. The results indicate that increased 

daytime somnolence is a general consequence of large tumors, and/or their treatment, in the 

hypothalamic/pituitary region, rather than a specifi c feature of craniopharyngiomas per se.
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INTRODUCTION

Craniopharyngiomas are rare benign tumors arising along the path of the craniopharyngeal 

duct. Most of these tumors are located in the sellar and parasellar region (1). The presenting 

symptoms are dependent on the proximity to, and pressure on, structures of the brain. Cranio-

pharyngiomas most frequently present with headaches, nausea/vomiting, visual disturbances, 

and hypothalamo-pituitary hormone defi ciencies (reviewed in (1)). Craniopharyngiomas are 

treated primarily by transsphenoidal and/or transcranial surgery, with success rates of radical 

surgery ranging from 18 to 84% (1). Therefore, adjuvant radiotherapy may be necessary in 

selected patients in whom surgery was not completely successful (1). Nonetheless, craniophar-

yngiomas and/or their treatment are associated with impaired quality of life (2;3), increased 

morbidity and mortality during long-term follow-up in adult patients (4).

These long-term sequelae in patients treated for craniopharyngioma have been attributed 

to damage by the craniopharyngioma and/or its treatment to surrounding tissues. For example, 

hypothalamic damage has been implicated in the development of hyperphagia and obesity, 

which is reported in 26-61% of the patients postoperatively (1). The decreased sympathetic tone 

found in patients with severe obesity after treatment for craniopharyngioma could possibly be 

due to damage to the ventromedial nucleus of the hypothalamus, that regulates sympathetic 

nervous activity (5).

Self-reported, general and physical fatigue is increased in adult patients treated for cranio-

pharyngioma compared to healthy controls (2). We hypothesized that impaired quality of life 

may, at least in part, be related to alterations in sleep patterns. This hypothesis is supported by 

the observation that daytime sleepiness is increased in patients after successful treatment of 

craniopharyngioma in childhood (6). However, this has not been reported for patients treated 

for craniopharyngiomas in adulthood. Moreover, the alterations in sleep quality may be a 

consequence of large pituitary tumors and/or their treatment in general, rather than being a 

specifi c consequence of craniopharygeomas per se. Therefore, the aim of the present study was 

to compare daytime sleepiness and sleep patterns between adult patients previously treated 

for craniopharyngiomas and healthy controls, as well as with patients with non-functioning 

tumors in the sellar region: non-functioning pituitary macroadenomas (NFMA).

PATIENTS AND METHODS

Patients and controls

The present study was a case-control study of consecutive patients previously treated for 

craniopharyngioma in our center. Each patient was asked to provide a healthy control person 

of comparable age and sex. The control group was extended with controls derived from other 

studies in our center that were approached similarly. In addition, patients were compared to 
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38 patients previously treated for non-functioning macroadenomas (NFMA) matched for age, 

gender, and body mass index (BMI) derived from a previous study in our center (7). This number 

of patients was determined by choosing patients from the original NFMA cohort with the best 

match for age, gender and BMI and resulted in a case:control ratio of 1:1.4.

All patients were seen at least twice yearly by an endocrinologist, with appropriate evaluation 

and treatment of possible defi ciencies of pituitary hormones. Growth hormone (GH) defi ciency 

was defi ned as an IGF-I level below the reference range for age and sex and an insuffi  cient rise in 

GH levels (absolute value <3 μg/l) after stimulation during an insulin tolerance test. Prior studies 

have demonstrated that patients with multiple pituitary hormone defi ciencies, including two 

or more pituitary hormone defi ciencies other than GH-defi ciency, had a likelihood of approxi-

mately 95% of harboring GH-defi ciency (8-10). Based on these data, we classifi ed patients, in 

whom GH-stimulation test data were not obtained, but who were defi cient in 3 other pituitary 

axes, as GH-defi cient. When secondary amenorrhea was present for more than 1 year pre-

menopausal women were defi ned as LH/FSH defi cient. Post-menopausal women were defi ned 

as LH/FSH defi cient when gonadotrophin levels were below the normal postmenopausal range 

(LH<10 U/l and FSH<30 U/l). In men, LH/FSH defi ciency was defi ned as a testosterone level 

below the reference range (8.0 nmol/l). TSH defi ciency was defi ned as a total or free T4 level 

below the reference range. ACTH defi ciency was defi ned as an insuffi  cient increase in cortisol 

levels (absolute value <0.55 μmol/l) after a corticotrophin releasing hormone test or insulin 

tolerance test. If results were below the lower limit of the respective reference ranges, substitu-

tion with growth hormone, thyroxine, hydrocortisone or testosterone was started. In the case 

of amenorrhea and low estradiol levels in premenopausal women, estrogen replacement was 

provided. Postmenopausal women were not treated with estrogen replacement therapy. None 

of the patients were using selective serotonin reuptake inhibitors, tricyclic antidepressants, or 

MAO inhibitors.

The Medical Ethics Committee of the Leiden University Medical Center approved the study 

protocol and all patients returning completed questionnaires gave written informed consent.

Study parameters

Primary study-parameters were the results of the two sleep questionnaires. The patients were 

asked to complete two questionnaires that assessed daytime sleepiness and sleep patterns. The 

questionnaires were sent to their home in prepaid envelopes. After two months non-responders 

were contacted by telephone to encourage completion and return of the questionnaires.

Patients with craniopharyngiomas were compared to controls and to patients with a NFMA. 

The results of the sleep questionnaires were linked to age and gender of the patients, body 

mass index, treatment characteristics (multiple surgical procedures, radiotherapy), visual fi eld 

defects, and the presence of pituitary defi ciencies.
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Sleep questionnaires

Epworth sleepiness scale (ESS)

The ESS is a validated, eight-item questionnaire. The participants are asked to rate their likeli-

hood of falling asleep in a variety of commonly encountered situations (11). Scores range from 

0 (the least sleepy) to 24 (the most sleepy). Scores equal to or above 10 are interpreted as 

increased daytime sleepiness (6). An additional set of questions that evaluated the prevalence 

of snoring, observed apnoea’s, and nocturnal restless legs was added (12) .

Münchener chronotype questionnaire (MCQ)

The MCQ is a validated questionnaire aimed at assessing chronotype and sleep patterns (13;14). 

Patients are explicitly asked to describe their sleep behavior under normal circumstances (with-

out partying etc.). The temporal structure of sleep is assessed separately for workdays and free 

days. Parameters on free days are regarded to refl ect individual sleep patterns without social 

obligations and are therefore reported in this paper (13).

Sleep duration on free days (SDF), sleep onset on free days (SOF) and rise time (RTF) are 

calculated from questions concerning sleep onset and awakening on days on which there are 

no work or social obligations. The midsleep on free days (MSF: clock time halfway during sleep 

duration) is calculated from SOF and RTF (14).

Since most chronotypes tend to accumulate a sleep debt on work days, which is compen-

sated for on free days, midsleep on workdays (MSC) was corrected for the confounder sleep 

debt as follows: MSC=MSF-(0.5*SDF-(5*SDworking days+2* SDF)/7) (14). Since only 18 of our cranio-

pharyngioma patients, 28 of our NFMA patients, and 41 of our controls had a daytime job, this 

correction was performed only for those subjects (14).

Statistics

SPSS for windows version 14.0 (SPSS Inc., Chicago, IL) was used for data analysis. Data are 

expressed as mean ± SD, unless otherwise mentioned. ANOVA analysis with post-hoc Tukey’s 

HSD adjustment or chi-square test were performed to compare the three groups when appropri-

ate. Variables infl uencing sleep parameters within the craniopharyngioma group were studied 

with independent samples T-test, Mann-Whitney tests or chi-square tests when appropriate. 

Diff erences were considered statistically signifi cant at P<0.05.

RESULTS

Patients and controls

Twenty-nine of 34 (85%) patients returned the questionnaires on sleep characteristics (Table 

1). Two of the patients preferred not to participate and 5 patients did not respond. Thus, 27 
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completed questionnaires were received. The study-population (14 men) had a mean age of 

53 years with a range of 27 to 80 years. All 27 patients were primarily treated by surgery. Eight 

of these patients had repeat surgery. Seven patients were also treated by radiotherapy, four 

for recurrent disease. The mean follow-up period after initial surgery and this study was 21.3 ± 

14.3 years. All patients were considered cured from craniopharyngioma, because follow up MR 

imaging did not reveal the presence of recurrent disease. There were no signifi cant diff erences 

in age, gender and clinical characteristics between the study-population and the patients who 

preferred not to participate or who did not return the questionnaires (n=7).

The patients were fi rst compared to 50 controls (20 men) with mean age of 55 years (range 

of 45 to 63 years). There were no diff erences for age and gender between the patients and 

the control group (p=0.413 and p=0.318, respectively). Subsequently, patients were compared 

to 38 patients who had been previously cured by surgery from NFMA (20 men) with a mean 

age of 55 years (range 45 to 63 years) and a mean duration of follow-up of 9.4 ± 6.8 years. 

All 38 patients with NFMA had been operated previously, and 37 % had also been treated by 

postoperative radiotherapy.

In 16 patients with craniopharyngioma data of pre-operative Hardy classifi cation were pres-

ent. Seventy-fi ve percent had Hardy B, compared to 19% C, and 1 patient presented with an 

intrasellar tumor (p=0.772). The other 11 patients with craniopharyngioma all had suprasellair 

disease without data on Hardy classifi cation and all but two were operated transcranially. The 

other two patients were operated transsphenoidally in 1960 and 1967, respectively. The Hardy 

classifi cation of suprasellar extension indicated stage B in 83% and stage C in 11% of NFMA 

patients (n=29 and n=11, resp., p=0.772 compared to craniopharyngioma patients (all except 

for 3 patients with NFMA could be classifi ed according to Hardy)).

Table 17/1: Clinical characteristics of patients with craniopharyngioma compared to patients with non-functioning 

macroadenoma (NFMA).

Cranio-pharyngeoma 
patients
(n=27)

NFMA patients
(n=38)

P-value

Age (mean, range (yrs)) 53 (27-80) 55 (36-63) 0.599

Gender (F/M (%)) 48/52 60/40 0.423

BMI (kg/m2) 29.6 ± 7.5 27.8 ± 3.8 0.321

Radiotherapy (%) 26 37 0.354

GH defi ciency (%) 91 78 0.191

IGF-I standard deviation score* 0.6 ± 2.1 1.1. ± 2.1 0.459

TSH defi ciency (%) 96 66 0.003

Free T4** 18.5 ± 4.3 17.6 ± 3.0 0.438

ACTH defi ciency (%) 78 63 0.208

LH/ FSH defi ciency (%) 63 79 0.156

* in patients with substituted GH defi ciency.

** in patients with substituted TSH defi ciency.
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Craniopharyngioma patients compared to healthy controls

Sleep duration on free days (SDF) was not diff erent between patients and controls. Sleep onset 

on free days, midsleep on free days, rising time on free days, and corrected midsleep (SOF, MSF, 

RTF, and MSC, respectively) were not diff erent compared to controls (Table 2).

However, the Epworth Sleepiness Scale (ESS) score was increased in patients compared to 

controls (7.7 ± 4.1 vs. 4.8 ± 3.4, p=0.011) denoting increased daytime sleepiness in patients. 

Thirty-three percent patients had ESS scores above 10 compared to 8% in controls (p=0.005). 

The mean age and BMI in these patients (33% men) were 54.0 ± 16.2 yrs and 31.4 ± 4.1 kg/m2, 

respectively, which was not diff erent compared to the other patients with craniopharyngioma 

with ESS scores below 10. No diff erences in pituitary defi ciencies were found between those 

two groups.

Seventy-two percent of patients reported snoring compared to 74% in controls, whereas 

29% of patients reported observed apneas compared to 10% of controls (p=0.044). Restless 

legs were reported in 26% in patients compared to 24% in controls (p=0.852). Fifteen percent 

of patients reported feeling depressed compared to 5% in controls (p=0.199).

Craniopharyngioma patients compared to patients with non-functioning macroadenomas

Patients with craniopharyngioma were compared to age-, gender- and BMI-matched patients 

with NFMA (Table 1).

Sleep duration on free days (SDF) was not diff erent between patients with craniopharyn-

gioma and patients with NFMA. Sleep onset on free days, midsleep on free days, rising time on 

free days, and corrected midsleep (SOF, MSF, RTF, and MSC, respectively) were not statistically 

diff erent compared to patients with nonfunctioning macroadenomas (Table 3).

Table 17/2: Sleepiness scores and subjective sleep patterns in patients with craniopharyngioma compared to controls.

Craniopharyngioma 
patients (n=27)

Controls (n=50) P-value

ESS Mean score (mean ± SD) 7.7 ± 4.1 4.8 ± 3.4 0.011

>10 (%) 33 8 0.005

MCTQ Sleep onset on free days (clock time 
h:min ± SD)

23:40 ± 1:20 23:48 ± 1:29 0.906

Sleep latency (minutes ± SD) 30.6 ± 39.5 26.3 ± 24.2 0.860

Rising time on free days (clock time h:min 
± SD)

7:14 ± 1:00 7:05 ± 1:15 0.863

Sleep duration on free days (duration 
h:min ± SD)

7:33 ± 1:11 7:17 ± 1:02 0.574

Midsleep on free days (clock time h:min 
± SD)

3:27 ± 1:01 3:27 ± 1:16 1.00

Corrected midsleep (clock time h:min ± 
SD, n=25 vs. n=18/ n=41/ n=28)

3:54 ± 1:11 3:42 ± 0:45 0.673
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ESS score was not diff erent between the two groups. Thirty-three percent patients had ESS 

scores above 10 compared to 24% in patients with NFMA (p=0.392). The mean age and BMI in 

these patients with NFMA (44% men) were 52.0 ± 9.1 yrs and 27.5 ± 3.8 kg/m2, respectively, 

which was not diff erent compared to the other patients with NFMA with ESS scores below 10. 

No diff erences in pituitary defi ciencies were found between those two latter groups.

Seventy-two percent of patients with craniopharyngioma reported snoring compared to 

66% in patients with NFMA (p=0.604), whereas 29% of patients reported observed apneas 

compared to 17% of patients with NFMA (p=0.274). In addition, restless legs were reported 

in 26% in patients compared to 18% in patients with NFMA (p=0.468). Fourteen percent of 

patients reported feeling depressed compared to 5% in patients with NFMA (p=0.882).

In addition, patients with NFMA were compared to the healthy controls. ESS scores were 

higher in the patients with NFMA (7.5 ± 5.1 vs. 4.8 ± 3.4 in controls, p=0.010) without diff erences 

in sleep pattern parameters between the two groups (Figure 1).

Factors infl uencing sleepiness scores and sleep patterns in patients with craniopharyngioma

Surgery

There were no diff erences in sleepiness scores or sleep patterns between patients who had 

been treated by transsphenoidal surgery (37%) and patients treated by transcranial surgery 

(63%).

Radiotherapy

There were no diff erences in sleepiness scores or sleep patterns between patients who had 

been treated with radiotherapy (26%) and patients who were not (74%).

Table 17/3: Sleepiness scores and subjective sleep patterns in patients with craniopharyngioma compared to patients with 

non-functioning macroadenoma (NFMA).

Craniopharyngioma 
patients (n=27)

NFMA patients 
(n=38)

P-value

ESS Mean score (mean ± SD) 7.7 ± 4.1 7.5 ± 5.1 0.965

>10 (%) 33 24 0.392

MCTQ Sleep onset on free days (clock time 
h:min ± SD)

23:40 ± 1:20 23:43 ± 0:52 0.990

Sleep latency (minutes ± SD) 30.6 ± 39.5 34.5 ± 36.8 0.887

Rising time on free days (clock time 
h:min ± SD)

7:14 ± 1:00 6:49 ± 1:01 0.334

Sleep duration on free days (duration 
h:min ± SD)

7:33 ± 1:11 7:05 ± 1:10 0.230

Midsleep on free days (clock time h:min 
± SD)

3:27 ± 1:01 3:15 ± 0:44 0.763

Corrected midsleep (clock time h:min ± 
SD, n=25 vs. n=18/ n=41/ n=28)

3:54 ± 1:11 3:41 ± 0:35 0.654
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Age at onset

The diagnosis of craniopharyngioma was established in childhood in 8 patients (30%) and in 

adulthood in 19 patients (70%). No diff erences were found in sleepiness scores or sleep pat-

terns between the two groups.

BMI

No correlations could be found in this limited number of patients sleepiness scores or sleep 

patterns on the one hand and BMI on the other hand.

DISCUSSION

We found increased daytime somnolence and increased prevalence of severe hypersomnolence 

despite normal sleep patterns in patients treated for craniopharyngioma compared to healthy 

controls. In addition, we observed an increased prevalence of self-reported apneas in these 

patients. However, daytime somnolence and sleep patterns in patients with craniopharyngioma 

did not statistically diff er from age-, gender-, and BMI-matched patients with non-functioning 

macroadenoma. Therefore, these results indicate that increased daytime somnolence is a gen-

eral consequence of large tumors, and/or their treatment, in the hypothalamic/pituitary region, 

rather than a specifi c feature of craniopharyngiomas per se.
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Figure 17/1: Epworth sleepiness scores are increased in patients with craniopharyngioma compared to healthy controls but do 

not diff er from scores in age-, gender-, and BMI-matched patients with non-functioning macroadenoma (NFMA).
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Multiple long-term sequelae of treatment of craniopharyngioma, such as hyperphagia, 

obesity and decreased sympathetic tone, have be attributed to damage to surrounding tissues 

including hypothalamic nuclei (1;5). The hypothalamus has also been identifi ed as the main 

regulatory center of sleep: the suprachiasmatic nucleus (SCN) is considered to be the central 

circadian pacemaker of the body with one of the circadian outputs formed by the regulation 

of circadian variations in melatonin secretion by the pineal gland (15). In patients treated for 

craniopharyngioma in childhood, reduced nocturnal melatonin concentrations are associated 

with increased daytime somnolence (16). In addition, the multiple sleep latency test, a stan-

dardized test of daytime somnolence, showed severe daytime somnolence in 5 children who 

had been treated by hypothalamic/ pituitary surgery (17). In accordance, self-reported general 

and physical fatigue is increased in adult patients treated for craniopharyngioma compared to 

healthy controls (2). In the present study, the previous fi ndings of increased daytime somno-

lence obtained in children treated for craniopharyngioma were extended to, and confi rmed in, 

adult patients with craniopharyngioma. In addition, we found an increased prevalence of self-

reported observed apneas, which could also contribute to the increased daytime somnolence.

Remarkably, daytime somnolence and sleep patterns in patients with craniopharyngioma 

did not diff er from age-, gender-, and BMI-matched patients with non-functioning macroad-

enomas. The similar distortion of sleep patterns in patients with craniopharyngiomas and 

non-functioning macroadenomas points towards a shared origin of the increased daytime 

sleepiness possibly originating from damage to the suprachiasmatic nucleus.

Large tumors of the pituitary region are associated with defi cient function of the anterior 

pituitary. In patients previously treated for non-functioning macroadenomas, the presence of 

anterior pituitary hormone defi ciencies was associated with altered sleep patterns (7). Since 

almost all patients treated for craniopharyngioma in our cohort presented with multiple 

defi ciencies of the anterior pituitary, we could not specifi cally evaluate the eff ects of anterior 

pituitary hormone defi ciencies on sleep characteristics within this group. However, since both 

patients with craniopharyngiomas and NFMA presented with multiple anterior pituitary defi -

ciencies, these abnormalities in pituitary function could also contribute to increased daytime 

sleepiness in both patient groups. Indeed, many interactions between nocturnal secretion of 

diff erent hormones and the sleep electroencephalogram parameters have been described 

(18). Altered sleep patterns can induce changes in anterior pituitary hormone secretion (19). 

Conversely, endocrine defi ciencies, like primary hypothyroidism, are associated with altered 

sleep patterns on polysomnographic recordings (20). However, it is maybe unlikely that these 

eff ects have played a major role in our study, since anterior pituitary hormone defi ciencies were 

monitored regularly and appropriately replaced in our patients.

Some factors may have infl uenced our results. First, sleepiness and sleep patterns were 

evaluated by questionnaires. Although the MCQ assessed sleep during free days and work-

ing days on one occasion, data on sleep habits derived from the MCQ correlate highly with 

data obtained from sleep logs for 5 weeks (13). Moreover, in the present study patients with 
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craniopharyngiomas were compared to healthy controls recruited by the patients. Although it 

is known that self-selected controls might be subject to selection bias, because patients might 

have chosen controls with a supposedly good health status (21), it is highly unlikely that sleep-

ing pattern played any role in the choice for a specifi c control. Finally, the results in our study 

are supported by the fact that there was no diff erence between the results obtained in patients 

treated for craniopharyngiomas and NFMAs.

In conclusion, we report increased daytime somnolence and increased prevalence of 

severe hypersomnolence in patients treated for craniopharyngioma compared to healthy 

controls. In addition, there was no diff erence between patients treated for craniopharyngioma 

or non-functioning pituitary macroadenomas with respect to increased daytime sleepiness 

scores compared to healthy controls. Further detailed analyses are needed to elucidate the 

pathophysiology of the reported increased sleepiness seen in patients previously treated for 

large tumors in the (para)sellar region. These studies could provide further insight and treat-

ment targets in the complex persisting morbidity in patients after successful treatment for 

craniopharyngiomas as well as non-functioning macroadenomas.
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