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Abstract Craniopharyngiomas are rare brain tumors of the

sellar/suprasellar region, often adversely affecting patients’

physical and psychosocial functioning. Until a few years

ago, knowledge on cognitive deficits in craniopharyngioma

patients was based on little valid evidence, with considerable

inconsistencies across studies. Findings from recent

research, with partly larger sample sizes, add to existing

evidence to provide a more clear and reliable picture. The

current review aims to summarize and systemize current

findings on cognitive deficits in childhood craniopharyn-

gioma, taking account of patient- and treatment-related

variables where possible. Those studies were included that

reported results of childhood craniopharyngioma patients

tested with formalized neuropsychological tests (irrespec-

tive of their age at study, group size C10). A systematic

assignment of test results to subcomponents of broader

cognitive domains (e.g. to specific memory systems and

processes) allows for a first comprehensive overview of

patterns of spared and impaired cognitive functions. We

show that episodic memory recall in particular is impaired,

largely sparing other memory components. In accordance

with recent knowledge on mammillary function, patients

with hypothalamic involvement appear to be at particular

risk. Deficits in higher cognitive processes, relying on the

integrity of the prefrontal cortex and its subcortical path-

ways, may also occur, but results are still inconsistent. To

gain deeper insight into the pattern of deficits and their

association with patient- and treatment-related variables,

further multi-site research with larger cohorts is needed.
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Introduction

Craniopharyngiomas are rare primary brain tumors of low-

grade malignancy (WHO, grade I), most commonly found

within the sellar/and or parasellar region. The tumor may

occur at any age, but approximately 30–50 % of all cases

are diagnosed during childhood and adolescence [1]. Due

to their close anatomical proximity to the hypothalamus,

the pituitary, and the optic nerves, craniopharyngiomas are

frequently associated with visual, endocrine and neurobe-

havioral deficits which may seriously limit functional

capacity and quality of life. Within the past three decades,

advances in treatment strategies and techniques have led to

decreasing mortality and less severe morbidity. Improved

outcomes have encouraged researchers to increasingly

focus attention on issues related to neurobehavioral, social,
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and emotional dysfunctions [2, 3], and quality of life,

including cognitive functions [4–8].

Up until a few years ago, the great majority of studies

which claimed to account for cognitive performance either

used (i) standardized intelligence testing to assess global

cognitive functioning [7, 9–13], or (ii) educational

achievement, subsequent employment or IQ scores, as well

as a combination of these to indicate outcome [14–20].

Characterization of deficits in different cognitive domains

had received little attention and the few studies, which used

formal neuropsychological testing, yielded heterogeneous

results. Some studies found deficits in memory [21, 22],

executive functions [22], attention [23] or processing speed

[24, 25], while others did not (see for memory [25, 26],

executive functions [26], attention [24, 26]). Interestingly,

IQ was shown to be within normal limits in the great

majority of studies, e.g. [21, 24, 25].

Research conducted in the last few years [27–29], with

partly larger sample sizes and higher methodological quality,

add to existing evidence and may provide a clearer and more

unified picture regarding patterns of spared and impaired

functions. Patient and treatment related variables that may

additionally affect physical status and cognitive outcomes,

like lesion site, radiation therapy, and age at treatment are

now being increasingly taken into account and are especially

promising in studies with larger sample sizes [23, 28, 29].

With respect to lesion site, it has been known for a long

time that hypothalamic damage, caused by the tumor and/or

its treatment, is associated with particular adverse endocrine

and autonomic outcomes [30]. More recent evidence

revealed that hypothalamic involvement may also adversely

affect quality of life and cognitive status [3, 6, 8, 27, 28, 31].

Moreover, as the mammillary bodies at the posterior margin

of the hypothalamus are known to be crucial for learning and

memory, it is likely that the site of the lesion within the

hypothalamus is of additional relevance [27].

To our knowledge, this is the first systematic analysis of

cognitive outcome in craniopharyngioma patients. The

objective of the review was to systemize the findings of studies

that used formalized neuropsychological testing to investigate

subcomponents of cognition. Analyzing subcomponents of

cognition rather than overall cognitive outcome may help to

understand the specific difficulties of the patients and to pro-

vide appropriate support measures. Due to the paucity of

studies available, we included both, comparisons based on

control groups and those based on age appropriate norms.

Methods

Note that a systematic review generally provides infor-

mation on a higher number of patients than available for

the current review. However, to ensure a high quality in

reporting, the review was conducted in accordance with the

Preferred Reporting Items for Systematic Reviews and

Meta-Analyses guidelines [32].

Search strategy

We systematically searched the whole databases of Med-

line (via the PubMed interface), Web of Science, and

PsycINFO (psychology and psychiatry literature) up to

April 2014. A final additional search was performed in

January 2015, shortly before submission. The full elec-

tronic search strategy was conducted in all fields as

follows:

craniopharyngioma AND (child* OR pediatric OR

adolescen*) AND (cognit* OR neuropsycholog* OR

psycholog* OR memory OR attention OR executive

OR neurobehavioral OR intelligence OR IQ OR

processing speed).

In addition, reference lists of all included articles and of

reviews were hand-searched to identify additional studies

relevant to the topic of the current article.

Study selection

Study inclusion and exclusion criteria were developed

prior to the study selection process. The following

inclusion criteria were used: (a) peer reviewed articles

published in English or German, (b) childhood-onset

craniopharyngioma patients, irrespective of their age at

testing (c) studies with both, adulthood and childhood

onset craniopharyngioma patients only, if results of the

latter were reported separately, (d) group size for cogni-

tive assessments of at least 10 patients, (e) use of for-

malized neuropsychological testing to assess cognitive

functioning beyond mere overall cognitive assessment (IQ

testing), (f) proper characterization/referencing of the tests

used, (g) results of each distinct neuropsychological test

specified separately, (h) outcome measures that allowed

for an assessment of statistical significance. For study

selection, full-text articles of all studies were obtained,

except for those in which lack of eligibility was obvious

from the title or abstract. In a first step, each article was

assessed for the first four inclusion criteria by one

reviewer (J.Ö). As a second step, all articles reporting

cognitive outcomes for childhood craniopharyngioma

groups of eligible study size were assessed for the last

four eligibility criteria by two reviewers independently

(J.Ö. and C.M.T; N = 40). Disagreements between the

reviewers were discussed to reach consensus. Where

uncertainties remained, a further reviewer (H.L.M.) was

asked for clarification.
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Data extraction

For the articles included in the review, data were extracted

independently by two investigators (J.Ö and C.M.T), using

a specifically designed form that included author and year

of publication, study location, time of first treatment, pri-

mary objective, study design, eligibility criteria, study and

comparison groups, treatment/interventions, hypothalamic

involvement (pre-operative tumor involvement and/or post-

operative hypothalamic lesion), complications, neuropsy-

chological tests used, and cognitive outcome. Where rele-

vant information was found to be missing in the studies or

inconsistencies were detected, the study authors were

contacted by email and asked for clarification. In some

studies that used age appropriate norms, only the number of

patients with performance in the clinical range was repor-

ted [24, 25]. In these cases, we performed binominal dis-

tribution analyses to assess (for a given clinical cut-off

value) whether the proportion of individuals exhibiting

impaired performance significantly exceeded a specific

proportion that would be expected for the general popula-

tion. Formal meta-analyses could not be performed due to a

paucity of studies that investigated distinct cognitive

domains with commonly-employed outcome measures.

Results

Included studies

The flow of papers for review and the study selection

process are depicted in Fig. 1. The database searches

identified 229 non-duplicate and potentially relevant ref-

erences. 21 additional articles were identified by hand

searching. Thus, a total of 250 articles were screened and in

a first step, 83 were excluded based on title and abstract. In

a second step, full-texts of the remaining 167 articles were

retrieved and reviewed. The review process resulted in the

exclusion of 158 articles not meeting eligibility criteria and

the inclusion of nine articles eligible for further qualitative

synthesis.

Description of included studies

Details of the nine studies are depicted in Table 1. All of

these studies were published within the last 17 years, five

of them even within the past 6 years [26–29, 33]. Most of

them aimed at assessing the cognitive status after surgical

treatment for childhood craniopharyngioma, providing

results based on data from one assessment, with a median

period from diagnosis/first treatment to assessment ranging

from \3 month to 20 years. [21, 24–28, 33]. Two studies

reported results from one and the same prospective

longitudinal intervention trial, explicitly focusing on the

effects of radiotherapy on memory [29] and attentional

performance [23]. These studies had a partly overlapping

sample and provided results which were obtained prior to

conformal radiation therapy (CRT) (baseline), at different

times after initial therapy, up to 5 years after radiation

therapy. Sample sizes of participants attending the neu-

ropsychological tests ranged from n = 10 [24] to n = 44

[29], with a median cohort size of n = 16 and were higher

in two of the most recent studies [28, 29], compared to

older studies. Overall, studies covered results on patients

who were first diagnosed and treated between 1958 and

2010. One of the most recent studies covered patients

where the operation took place up to 40 years ago [28].

Within studies that provided data from one assessment, the

use of a control group, besides merely reporting norm-

based outcomes, is common to the more recent ones [26–

28]. Unfortunately, detailed neuroradiological assessment

of tumor or lesion site with respect to the hypothalamus

was only performed in few of the studies that aimed to test

cognitive functioning [21, 27, 28]. The two most recent

studies, however, explicitly investigated the effect of

hypothalamic involvement on cognitive performance [27,

28]. In addition to whole group comparisons (all patients

vs. controls), Fjalldal et al. [28] conducted analyses where

patients with and without hypothalamic involvement were

separated to compare each of the groups to their matched

controls.

Information relevant for the interpretation of the results

was found to be missing in some studies [24–26, 33]. In

these cases, the corresponding author or senior author was

contacted with a request for clarification and as far as

additional information was provided, this was included in

Table 1 and Supplement 1 (Table S1) and identified as

such.

Neuropsychological tests

All tests, which were used to examine individual cognitive

domains, are shortly outlined in Table S1 (Supplement 1).

In addition, the table provides information regarding the

key measures of the tests that were used in each individual

study. For further information on neuropsychological tests

see Strauss et al. [34].

General cognitive functioning

With the exception of one study [26], which observed

significantly lower scores for patients’ performance IQ

compared to a healthy control group, IQ was reported to be

in the normal range or not different from healthy controls

[21, 24, 25, 27, 33]
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Memory performance

Results for different memory domains are depicted in

Table 2. Five of the seven studies which tested episodic

memory reported deficits in immediate and/or delayed

memory retrieval [21, 24, 27, 28, 33]. Interestingly, in

studies which tested both, impairments in delayed recall

were found together with preserved delayed recognition

capabilities [21, 27]. Short-term and working memory [21,

24, 25, 27 and semantic memory [28] were intact in all

patient samples tested as a whole. However, in the study by

Fjalldal et al. [28], subgroup analyses revealed the partic-

ular significance of hypothalamic involvement: Compared

to their matched controls, patients with hypothalamic

involvement were significantly impaired in episodic recall

and semantic memory, whereas patients without hypotha-

lamic involvement were not impaired.

Language and visual abilities

Word retrieval was found to be impaired in one study [21]

whereas both, word retrieval and passage comprehension,

were preserved in another study [24] (Table 2). With the

exception of one study [29], all studies that tested visuo-

spatial long-term memory also assessed performance in

visuo-spatial or visuo-perceptual abilities and none of them

could find impairments in the patient group (see Table 2).

Processing speed, attention, and executive

functioning

All three studies that tested processing speed found sig-

nificantly impaired performance in patients compared

either to healthy controls [28] or to age appropriate norms
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[24, 25]. Mixed findings were observed with other tests

assessing attention and executive performance (Table 3).

Patient- and treatment-related variables

Very few of the studies could find a significant effect of

patient- and treatment-related variables on cognitive per-

formance (Table 1). In the study by Özyurt et al. [27],

multiple linear regression analyses revealed that a higher

degree of postoperative hypothalamic involvement pre-

dicted worse sustained attentional performance. In the

study by Fjalldal et al. [28], a negative correlation was

found between years since surgical treatment and the mean

z-score of all cognitive tests. Additional analyses revealed

that reduced cognitive performance mainly in patients with

hypothalamic involvement were responsible for this find-

ing. In the study by Di Pinto et al. [29], hydrocephalus,

shunt insertion, and female gender were found to be pre-

dictive of worse episodic learning performance 5 years

after conformal radiation therapy.

Discussion

In accordance with several other reports [35–37] (but also

see [11, 38] ), all reviewed studies that included intelli-

gence testing obtained a full-scale IQ in the normal range

for the patient group [21, 24–27, 33]. Despite preserved

overall cognitive abilities, patients revealed deficits in

specific neuropsychological test assessing memory, atten-

tion, processing speed, and executive functioning. This

implies that the full scale IQ either masks deficits in indi-

vidual subtests or that the IQ (sub-) tests largely do not

cover assessment of cognitive subprocesses that may be

affected in craniopharyngioma patients.

Memory performance

Based on anatomical considerations and frequently repor-

ted complaints of the patients and/or their caregivers,

learning and memory was the domain most investigated in

patients with childhood craniopharyngioma. A systemized

assignment of test results to subcomponents of memory, as

shown in Table 2, demonstrates a clear pattern of spared

and impaired memory functions. In the literature reviewed,

verbal and visuo-spatial memory span and working mem-

ory were found to be in the normal range [21, 24, 25] and

not different from controls [27]. A different picture

emerged when information to be retained exceeded

immediate memory span and had to be recalled either

immediately or after a delay. In several studies, verbal and/

or visual episodic memory were significantly impaired [21,T
a
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24, 27, 28, 33], despite normal language [24] and visuo-

spatial abilities [21, 28, 33]. However, some inconsisten-

cies remain regarding the question, whether deficits in

delayed recall are indicative of a true retrieval deficit [21,

27], or solely due to impairments already obvious at the

immediate recall stage [28] (which could be due to an

encoding deficit).

In the study by Fjalldal et al. [28], additional subgroup

analyses indicated that patients with hypothalamic

involvement were mainly responsible for the memory

deficits reported for the whole patient group. The finding of

episodic memory deficits, with hypothalamic involvement

in particular, is in line with the importance of the mam-

millary part of the hypothalamus for the extended hip-

pocampal system, which is known to be vital for episodic

memory [39–41]. Noteworthy, two studies that tested both,

episodic recall and recognition performance, suggested

impaired delayed recall together with relatively preserved

delayed recognition [21, 27]. A similar dissociation has

been reported in previous studies in patients with damage

to the mammillary bodies or its connections [40, 41].

Attention, processing speed and executive

functioning

Hypothalamic involvement is frequently associated with

neurobehavioral problems which may be indicative of

frontal dysfunctions, such as emotional lability, rage

attacks, deficits in memory and higher cognitive abilities

[16, 42, 43]. Regarding patients treated in the pre-micro-

surgical era, those deficits have been ascribed to frontal

damage induced by surgery [22, 25]. However, it is con-

ceivable that hypothalamic damage itself may result in a

loss of input to prefrontal regions, leading to deficits in

Table 2 Pattern of spared and impaired functions in childhood craniopharyngioma: Memory, language (word retrieval), and visual/visuo-spatial

performance

Working memory Long-term memory

Memory

span

Working

memory

Episodic Semantic

Recall immediate/

learning

Recall

delayed

Recognition

delayed

Verbal memory Word retrieval

Özyurt et al. [27]a,b Impaired Impaired Normal

Fjalldal et al. [28]a Impaired Impaired Normal

Di Pinto et al. [29]c Normal

Bawden et al.[26]a Normal Normal

Waber et al. [24]b * * Normal

Carpentieri et al. [21]b Normal Normal Impaired Normal Impaired

Riva et al. [25]b Normal Normal

Visual and visuo-dpatial memory Visuospatial

Özyurt et al. [27]a Normal Normal

Fjalldal et al. [28]a Impaired Normal

Di Pinto et al. [29]c Normal

Ondruch et al. [33]b Impaired Normal

Bawden et al. [26]a Normal Normal

Waber et al. [24]b Normal Normal Normal

Carpentieri et al. [21]b Impaired Impaired Normal

Riva et al. [25]b Normal

For further details on the definition of impaired performance in studies using age-appropriate norms only, see ‘Data Extraction’ in the Methods

section

* Waber et al. tested verbal episodic memory with a word list task (California Verbal Learning Test; CVLT) and a narrative task (Story

Memory). Patients performed in the normal range when required to immediately recall word lists but were severely impaired in the story memory

task. Unfortunately, it is not known if it was immediate or delayed recall for narrative information which was found to be impaired. Information

could not been obtained upon request
a Compared to controls
b Age-appropriate norms
c Repeated measures model
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executive and attentional control [44, 45]. Currently, the

evidence base for functioning in these cognitive domains is

still rather limited.

Within the articles reviewed, cognitive flexibility is the

only executive function that was tested in more than one

study. This cognitive component, which is of vital impor-

tance for the ability to adapt to changing situations and

goals, was shown to be significantly impaired in one study

[27], but unimpaired in two others [25, 26]. Outside the set

of publications considered for this review, additional evi-

dence for executive dysfunctions comes from a study that

observed impaired cognitive flexibility in a childhood

craniopharyngioma group treated with radical surgery [22]

and another study that used a standardized questionnaire to

assess everyday problems with executive functions [3].

Sustained attention, with its requirement for top-down

monitoring and control, is a further cognitive component,

which is in part mediated by the frontal lobes. Two of the

included studies found impairments in sustained attention

[27, 28]. On the other hand, two other studies found

patient’s performance in the normal range [24] or not dif-

ferent from the control group [26].

Processing speed has been frequently observed to be

impaired in survivors of childhood brain tumors [46] and

was shown to be critically dependent on the structural

integrity of white matter pathways to frontal, parietal and

temporal cortices [47]. Fronto-thalamic pathways, which

may be affected by a tumor or its treatment, are assumed to

play an important role in modulating the efficiency of

information processing [48]. Processing speed was tested

in three of the studies included and all reported a significant

proportion of patients in the clinical range or a significantly

slower performance compared to controls [24, 25, 28].

Effects of radiotherapy on memory performance

and attention

Radiation therapy of brain tumors has often been found to

significantly heighten the risk of neurocognitive deficits

[49]. Within the last decade, more refined irradiation

methods have been established, being further developed on

a continuous basis. With its potential to better target the

tumor and to spare healthy brain tissue, CRT in particular

is assumed to result in less cognitive sequelae compared to

previous methods [49]. Two studies, reporting results from

a longitudinal trial and with partly overlapping samples,

investigated the impact of CRT on cognition up to 5 years

after irradiation. Di Pinto et al. [29] reported episodic

learning performance in the normal range at baseline, with

no performance decline in the further course of the study.

On the other hand, Kiehna et al. [23] found sustained

attentional performance in the borderline normal range at

baseline assessment and a significant decline during radi-

ation, up to five years after completion of the therapy. It

was, however, pointed out that this performance decline

was likely not caused by CRT alone, as comparable courses

of outcome have been reported after surgery alone [23].

Other patient- and treatment-related variables

Besides hypothalamic involvement and radiation therapy,

numerous other factors can influence cognitive outcomes,

and their identification may be crucial for informed treat-

ment decisions. Presumably due to the mostly small sample

sizes and an associated lack of statistical power, few sig-

nificant findings were available from the studies included.

Two more recent studies, comprising larger cohort sizes,

Table 3 Pattern of spared and impaired functions in childhood craniopharyngioma: attention, processing speed, and executive performance

Attention and processing speed Executive performance

Selective

attention

Sustained

attention

Processing

speed

Cognitive

flexibility

Verbal and

figural fluency

Concept

formation

Özyurt et al. [27]a, b Impaired Impaired

Fjalldal et al. [28]a Impaired Impaired

Bawden et al. [26]a Normal Normal Normal Normal

Kiehna et al. [23]c Impaired*

Waber et al. [24]b Normal Impaired

Riva et al. [25]b Normal Impaired Normal

For further details on the definition of impaired performance in studies using age-appropriate norms only, see ‘Data Extraction’ in the Methods

section

* Significant worsening over the first five years after conformal radiation therapy
a Compared to controls
b Age-appropriate norms
c Repeated measures model
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identified a small number of relevant patient- and treatment

related variables. The negative correlation between years

since surgical treatment and global performance, reported

for patients with hypothalamic involvement in the study by

Fjalldal et al. [28], was possibly due to late effects asso-

ciated with irradiation of normal brain tissue. This inter-

pretation is supported by the fact that the large majority of

the patients had received radiation therapy, with the first

patients’ treatment dating back to the late fifties. The

finding of younger age at radiation therapy as predictor for

worse cognitive performance in the study by Di Pinto et al.

[29] is also well in line with other studies [13, 22, 50] and

clearly supports approaches to delay radiation in very

young patients [51]. In the same study, hydrocephalus and

shunt insertion also predicted worse cognitive perfor-

mance, illustrating the relevance of an early identification

and treatment of hydrocephalus [23].

Limitations

The interpretation of the findings is limited by the paucity

of studies that tested specific cognitive functions. In addi-

tion, the limited number of studies eligible for the review

and the small sample sizes in most of these studies clearly

restrict the conclusions on the influence of patient and

treatment variables on cognitive outcomes (e.g. hypotha-

lamic involvement, presence of hydrocephalus, type and

extent of surgery, irradiation). Finally it should be noted

that some of the studies were of poor to limited quality.

Conclusions and future directions

Research published within the last years, added new evi-

dence providing a clearer and more reliable picture of

cognitive sequelae associated with childhood cranio-

pharyngioma. The current summary of available findings

indicates dysfunctions in cognitive processes mediated by

extended hippocampal and fronto-hypothalamic pathways

[52]. Episodic long-term memory in particular is shown to

be affected in patients, and hypothalamic involvement was

shown to be an essential risk factor for adverse outcomes.

We believe that this review will provide a starting point for

more targeted cognitive testing. There is an urgent need for

studies with larger sample sizes, ideally conducted as part

of follow-up protocols that are used by multiple centers in

parallel, to enable more in-depth insights into cognitive

deficits and their relation to patient- and treatment-related

variables. As results of cognitive testing cover only part of

psychological outcomes and may in some cases signifi-

cantly differ from patients’ subjective evaluation or overall

functional outcome, these objective neuropsychological

measures should be combined with measures of quality of

life and of neurobehavioral, social and emotional/affective

outcomes. In Supplement 2, we provide recommendations

for a set of domain-specific neuropsychological tests that

may be used for research or clinical practice, and a list of

further key clinical variables to include in future reports

that focus on psychological outcomes.
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