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Abstract
Background:  Cognitive abilities are impaired in patients with pituitary adenoma, which are mostly treated
with surgery. However, the study on neurocognitive recovery after transsphenoidal adenomectomy is
lacking. The study aims to identify the electrophysiological change that relates to the attention
function of pituitary adenoma patients after treatment. Methods:  27 preoperative pituitary patients and
25 follow up postoperative patients were recruited. 27 healthy controls (HCs) were matched to the
patients with age, sex, and education. All the pituitary adenoma patients had successfully gone through
transsphenoidal adenomectomy under microscope or endoscope. Event-related potentials were used to
investigate the cognitive processes of attention for preoperative patients, postoperative patients and
healthy controls. In addition, eyesight and blood hormone levels were examined. Six months after surgery,
blood hormone levels, pituitary MRI and electrophysiological tests were re-examined. Results:  Across
three groups, all emotional stimuli could evoke P200 components. Compared with HCs or
postoperative patients, the amplitudes of P200 in the preoperative patients were higher. Moreover, The
amplitude of P200 decreased in postoperative patients, which was similar to that in HCs. The
attention was improved after surgery, but no signi�cant differences were detected between
postoperative patients and HCs. Conclusion:  The tumor mass effect and abnormal hormone may be
relevant to the factors that impair the attention. Compared with that of the HCs and
postoperative patients, the P200 component elicited by negative stimuli is higher in preoperative patients,
which is associated with the attention impairments. Furthermore, these data indicate the improvement in
attention may be attributed to the tumor resection and the amelioration of endocrine disorders. This study
shows that P200 component can be used to diagnose the attention in preoperative pituitary patients, and
prove the improvement of the attention in postoperative patients.

Background
Pituitary adenomas are the most common intracranial tumors following meningiomas, accounting for
about 16.5% of central nervous system tumors [1], and pituitary adenoma with unconspicuous symptoms
has a higher incidence. The mechanical pressure from tumor mass on adjacent neuroanatomical regions
such as inferior frontal lobe, diencephalon, optic chiasma, and pituitary stalk could disrupt the tissue
structures [2]-[6], which might decrease the endocrine functions of hypothalamus or pituitary stalk. On the
other hand, the pituitary may secrete abnormally high hormones than usual. Therefore, apart from the
physical damages, abnormal cognition appears commonly in pituitary adenoma patients. Patients
frequently complain about problems of memory and sustained attention, which affect the quality of
patients’ life. The cognitive de�cits of pituitary patients often include dysfunction in attention processes
[6][7]. Moreover, many studies on affective neuroscience have identi�ed neural networks distributed in the
brain and involved in the processing of emotional expressions on face. These neural networks include the
prefrontal, basal ganglia and amygdala regions, which contribute to emotional detection and semantic
processing [8]. Our team has found that attention and executive function are in�uenced by pituitary
adenoma [9][10].
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There are various neuropsychological and behavioral tests to assess the cognitive function [11][12]. Since
the relationship between the event-related potentials (ERPs) and cognitive performance was identi�ed,
many researchers began to study the clinical signi�cance of ERPs in order to understand
electrophysiological mechanisms of cognition [13]. Up to date, no electrophysiological studies of
attention have been conducted on pre and postoperative pituitary patients, which will be discussed in the
present study by recording and analyzing P200 elicited by emotional stimuli. P200, a part of early positive
ERPs component, has a peak latency from 100 to 200 ms. P200 is an indicator of the attention bias
occurring automatically [14], and also sensitive to the emotional stimuli [15]. Previous study has shown
that P200 is produced immediately after detection of threatening stimuli, such as frightful images [16].
We hypothesized that preoperative patients would show abnormal attention function. Moreover,
postoperative patients would show improved performance on attention processing and perform equally
to the healthy controls (HCs), due to the tumor resection and the amelioration of endocrine disorders.

Methods

Subject selection
Pituitary patients with prolactinoma were recruited in the Department of Neurosurgery, Central Theater
Command General Hospital of the Chinese People’s Liberation Army after de�nite diagnosis. From
October 2017 to April 2018, 27 pituitary patients took part in our study. These participants were
diagnosed as pituitary adenoma by brain MRI before surgery, then by pathological detection after surgery,
and met all the following inclusion criteria: (1) tumor resection was based on magnetic resonance
imaging (MRI) brain scan and no compression to adjacent tissues was left after instant and 6 months
surgery; (2) blood hormone levels were controlled in normal range; (3) no history of craniotomy and
radiation therapy; (4) participants could cooperate to complete ERPs tests. Patients were excluded if they
met one of the following conditions: (1) they had a history of neurologic or psychiatric disorders; (2) they
had other disease that can affect cognitive functions like severe liver, heart or kidney dysfunction; (3) the
surgery was not successful or the patients had severe complications, such as coma, infection, epilepsy,
hydrocephalus and leaking of cerebrospinal �uid; (4) they had drug or alcohol abuse [subjects who drink
alcohol over 2.0 standard drinks (10 g of pure alcohol) on days and meet any 2 of the 11 criteria under
the DSM-V (Diagnostic and Statistical Manual of Mental Disorders) in the past year] [17], medication
intake (including oral contraceptives). MRI demonstrated that the anatomical conditions were normal
without any suprasellar mass or sellar- or para-sellar tissue displacement. 25 follow up patients after
6 months were included into the postoperative group.

All patients and HCs had su�cient visual acuity and hearing ability for the study. There were 27
preoperative patients (female, 15; 27.9 ± 2.8 y) and 25 postoperative patients (female, 13; 27.6 ± 2.2 y)
with prolactin adenoma, growth hormone adenoma or non-functional pituitary adenoma. 27 healthy
controls (female, 14; 27.2 ± 2.9 y) were selected into the HCs. Healthy people did not have any mental
disorders and family history of mental disease as well as psychoactive substance abuse. There was no
statistic difference in age, gender, educational level among the 27 preoperative, 25 postoperative patients
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and 27 HCs (p > 0.05). The study was approved by the ethic committee of the Central Theater Command
General Hospital of the Chinese People’s Liberation Army and informed consents were understood and
signed by the patients themselves.

Endocrinological assessment
After 12 h fasting, vein blood was collected between 8:00 a.m. and 9:30 a.m. due to circadian change of
hormone. Then the clotted and heparinized blood samples were put onto ice in the super clean bench of
the clinical laboratory of the hospital. Serum levels of prolactin (PRL)( ng/ml), follicle stimulating
hormone(mIU/ml), estradiol pg/ml), luteinizing hormone (mIU/ml), testosterone (ng/ml), progesterone
(ng/ml), thyroid-stimulating hormone (uIU/ml), growth hormone (ng/ml), and cortisol (nmol/l) were
detected by immunometric assay (Roche, cobas® 8000, Switzerland) [18]. After an hour of blood
collection, the cognitive function was evaluated. Before surgery, there were 21 patients with
prolactinomas, 4 patients with growth hormone adenomas and 2 patients with non-functioning cases. 25
follow up patients were included into the postoperative group, including 20 patients with prolactinomas, 3
patients with growth hormone and 2 patients with non-functional pituitary adenoma.

Stimuli and procedure
Affective stimulis were presented in grey background in the central monitor (light degree is set to
60 cd/m2). Participants watched the screen 100 cm away from their eyes in a semi-dark room, with a
visual angle of 4°×4°. Forty-�ve pictures (15 negative, 15 neutral, 15positive) were selected from IAPS
(International Affective Picture System) images [19]. Table. 1 represents the means and standard
deviations of both dimensions (arousal and valence) for each type of stimulus. One-way analysis of
variance (ANOVA) were computed for valence and for arousal dimensions. The positive and negative
pictures were matched for perceived arousal. They did not differ signi�cantly from each other but differed
signi�cantly from the neutral ones (P 0.05). As for valence, positive pictures were signi�cantly higher
than neutral ones (P 0.01) and neutral pictures were signi�cantly higher than negative ones (P 0.01). On
each trial, there was only one image (positive, negative, or neutral image) presented on the center of the
screen. The trial began with a �xation mark (+) on the black screen for 1000 ms, and then an image
appeared for 2000 ms. Ten pictures, different from the experimental trials, served as practice trials. The
inter-trial interval varied between 2000 ms and 3000 ms. Participants were instructed to attentively view
each picture and to mentally categorize it either as a positive, negative or neutral picture after stimulus
offset. Pictures were presented in a randomized order in three blocks, with 45 pictures per block, with no
more than two pictures of the same stimulus condition being shown in succession. We just instruct
participants to mentally categorize these stimuli and without any pressing button, only in order to pay
their attention on these stimuli. The images were presented in a pseudo random order, with the constraint
that a speci�c image appeared no more than two times consecutively. During the trial, the subjects were
instructed to look passively at the pictures, and reduce eye blinks and body movements as much as they
can.

Electroencephalography (EEG) recording and analysis
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The EEG was acquired by a 64-channel array (eegoTM amoli�er, Germany) linked to both earlobe
reference electrodes built in an elastic cap. The impedance levels of EEG recording were under 5 KΩ. EEG
signals were continuously recorded with a band pass of 0.05–200 Hz. The sampling rate was at 1000 HZ
during acquisition, then was resampled at 250HZ. Based on previous reports [20][21], we performed
ANOVAs with anterior-posterior (AP) distribution (three levels: anterior, central, posterior sites) and lateral
distribution (three levels: left, midline, right sites) as within-subject factors. The EEG data were off-line
referenced to average reference of all electrodes. The EEG segment was between 100 ms pre-stimulus
[22][23] and 1000 ms post-stimulus, and the baseline was corrected to the mean amplitude 100 ms pre-
stimulus. The negative, neutral and positive epoches were averaged respectively. At least 40 trials were
made for each subject. The �lter frequency is 1HZ high-pass, 40HZ low-pass. We used repeated-
measures analysis of variance (ANOVA) to acquire effects of picture type and analyze whether these
effects are different over the electrode sites of the mean amplitudes of P200 and among different groups.
The degrees of freedom in our study were corrected with Greenhouse–Geisserε.

Result
Figure 1 shows the mean ERPs of HCs at the nine ERP electrodes within the time window of P200
(148 ms-252 ms) evoked by the three kinds of stimulus respectively. Obviously, compared with the neutral
stimuli in the same control group, negative stimuli induced decreased negative potentials in P200 time
window. Figure 2 shows the mean ERPs of the three groups’ response to negative stimuli at the 9 ERP
locations. Figure 3 shows the average ERPs evoked by emotional stimuli and neutral stimuli in the
middleline areas (Fz,Cz,Pz) in the preoperative group, postoperative group and the control group
respectively.

With respect to P200 amplitudes, there were no remarkable different effects, though we obtained
signi�cant interactions of Stimulus type*Group ( p = 0.01), but no interaction effect of Hemisphere*Group
( p = 0.17). Post-hoc results showed that the effect of the Stimuli was clearly signi�cant in the control
group ( p = 0.001). The negative stimuli (-0.17 µV) evoked decreased amplitudes of P200 compared with
the positive and neutral stimuli in the control group (neutral = 0.42 µV, positive = 0.21 µV)(Fig. 1). In
response to negative stimuli of the three groups, post-hoc analyses indicated that differences between
both preoperative (0.53 µV) and postoperative (-0.09 µV, p = 0.006) and preoperative (0.53 µV) and
healthy controls (-0.17 µV, p = 0.002) were signi�cant, without differences between postoperative
(-0.09 µV) and healthy controls (-0.17 µV, p 0.05)(Fig. 2). Moreover, post-hoc analyses indicated that
differences between both preoperative (0.86 µV) and postoperative (0.24 µV, p = 0.01) and preoperative
(0.86 µV) and healthy controls (0.24 µV, p = 0.02) were signi�cant at middleline areas, but no difference
between postoperative (0.24 µV) and healthy controls (0.24 µV, p 0.05) (Fig. 3). Furthermore, post-hoc
analyses revealed decreased amplitudes in the postoperative (0.17 µV), compared to the preoperative
(0.91 µV, p = 0.04) at central electrode.

Discussion
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In the present medical study of pituitary adenoma, much attention has been paid to the surgery itself for
a long time. However, few studies have investigated the patient’s attention function and the recovery after
treatment. Our study evaluated the attention dysfunction in preoperative pituitary patients compared to
HCs. Here, we also sought to assess the recovery of attention in patients after treatment.

The association of the concrete operation and its effects on cognitive functions are still inconsistent [24].
For instance, Peace et al [6] found that the transfrontal operation caused more severe injury to cognition,
but Guinan et al [25] observed no association between the cognitive dysfunction and the treatment
approach [25][26][6]. Therefore, all the patients did not go through the transfrontal operation and
radiation treatment, but underwent transsphenoidal adenomectomy. In this study, we did not carry out
neuropsychological test. Because our previous research [18] assessed attention processing using the
Digit Span Forwards and Backwards Tests of the Wechsler Adult Intelligence Scale–Revised, Chinese
version. We did not �nd any obvious differences between presurgical group and HCs, perhaps because of
the simplicity of the present behavioral task. However, we found signi�cant group differences for
electrophysiological data.

In this study, we found no hemispheric differences in our recordings, because the asymmetry is neither
very signi�cant in some phases of the emotional reaction nor in some stimulus conditions [27][28].
Importantly, we found, compared with the positive and neutral stimuli, the negative stimuli elicited
decreased amplitudes of P200 in the HCs. Previous studies indicated that negative stimuli elicited more
prominent responses than neutral or positive stimuli [29][14]. However, recent research has found that the
extremely negative stimuli produced smaller amplitudes of P200 than did the moderately negative and
neutral stimuli over a wide region across the scalp [30]. It has been reported that there is a cultural bias
for the IAPS in Chinese subjects [31]. For pictures containing intense feeling contradicted to traditional
Chinese culture, their valence scores were signi�cantly lower than that of the original subjects [32].
Frontal P200 activation is the sign of quick detection of typical stimuli [33]. Relevant to moderately
negative stimuli, extremely negative stimuli often include remarkable threatening contents (e.g. bleeding),
which have been shown to attract human attention resources rapidly and automatically [34][35].
Therefore, smaller P200 amplitudes in the negative condition are likely a rapid feature detection process
to threatening content [35]. In line with the discussion above, we also found the negative stimuli elicited
decreased amplitudes of P200 in the HCs, compared with the positive and neutral stimuli. Thus, our
�nding of smaller P2 amplitudes in the negative stimuli may be likely relevant to a rapid feature detection
processing that attends to threatening contents [35]. Moreover, we obtained the differences among three
groups at middleline areas. In response to negative stimuli of the three groups, the �nding of this research
showed the amplitudes of P200 in preoperative patients were larger than that in both postoperative
patients and HCs. Whether preoperative patients have di�culties attracting attention resources rapidly
and automatically, when they are faced with extremely negative stimuli, such as remarkable threatening
stimuli. Increased P200 components are reported in high trait-anxious individuals [36]. The boost of
perceptual processing has also been indicated in other types of phobic syndromes, and such a state of
hypervigilance to salient stimuli might be a feature of the cognitive functioning of phobic individuals [37]
[38]. It was reported that pituitary adenoma patients showed a different mode of increased anxious
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personality compared with the general population [39]. Furthermore, pituitary adenoma patients have
signi�cantly higher degree of depression and anxiety than HCs [40]. The pituitary gland is the pivot of
hypothalamic-pituitary-adrenal (HPA) axis, and its activation can trigger adrenarche. One possible
explanation for this �nding is that an enlarged pituitary gland might be associated with hyper-
activity/reactivity of the HPA axis. Weitzner et al reported that the hypothalamic-pituitary axis could affect
behavioural control function of the prefrontal cortex [41]. It may be suggested that the larger amplitudes
of P200 could re�ect a greater involvement of intense resources on pivotal stimuli (i.e. angry faces) in
pituitary patients.Because preoperative patients may have di�culties attracting attention resources
rapidly and automatically, when they are faced with extremely negative stimuli, such as remarkable
threatening stimuli. We postulates that anxiety in pituitary adenoma patients decreased processing
e�ciency through an increased use of processing resources. Pituitary patients may have di�culties to
shift their attention away from threatening stimuli just like socially anxious patients [42]. Therefore, the
facilitated responses to negative stimuli in preoperative patients may be these factoers. One is the
compensatory mechanism that preoperative patients have di�culties attracting attention resources
rapidly, so they have to employ more neurons to complete the negative stimuli processing. Previous
research found an increasement of the P200 amplitude during attentional task in depressed participants,
which suggested that that neural systems were attempting to compensate for a di�culty in perceiving
target and non-target stimuli [43]. The other may be due to the di�culty in shifting themselves away from
the threatening stimuli. Hence, the use of the P200 component during presenting affective stimuli could
be used a relevant marker to investigate attention functiion.

The cognitive dysfunction may be caused by both tumor mass compression of the related brain
structures and effects of related hormonal imbalance that in�uence cognitive structures. However, up to
now, the detailed mechanism of cognitive impairments is still unexplained [44][45][46]. Hyperpituitarism
can mainly cause cognitive de�cits in functioning pituitary adenoma patients [46][47][48], and the
oppression of the tumor to the adjacent nerve structures result in cognitive de�cits caused by
nonfunctioning pituitary adenomas. Suprasellar development of the tumor may destroy directly or
indirectly adjacent nerve tissue, such as the hypothalamus, diencephalon, mammillary bodies, or the
inferior frontal lobes. In subjects with non-functioning adenomas, successful removal of the suprasellar
tumor could improve psychomotor speed, selective attention and accuracy function, which applied to
both patients with non-functioning adenomas and patients with prolactinomas or sellar lesions [49].
Previous animal experiments have shown that proper PRL level plays a signi�cant role in preventing
stress-induced decrease of hippocampal neurogenesis and protect against excitotoxicity to hippocampal
neurons through PRL receptors [52][53]. Nevertheless, if PRL level is too high, it can produce negative
effect on cognitive abilities [46][54][56]. The association of impairments of cognitive function with
hyperprolactinemia has also been found [46][54]. These cognitive dysfunctions, especially attention
function, are also related to the abnormal prefrontal cortex. Previous studies have suggested that
frontal/parietal cortex and subcortical structures (e.g., thalamus) were related to attention selection and
shifting [57][58]. For example, recent studies speci�cally showed impairments in recognizing and
regulating emotion in patients with temporal or frontal tumors [59]. Our study also found that patients
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with prolactinomas showed the decrease of gray matter volume (GMV) in the whole prefrontal cortex [18],
suggesting that abnormal high PRL levels may have an adverse effect on cognitive function. This effect
may be mediated by dopamine [60], or regulated by high level of PRL in the right IFC [61]. In addition to
the physical lesion, the endocrine disorders related to functioning pituitary adenoma might be another
cause of the damages.

Six months after pituitary adenoma surgery, the amplitudes of P200 in postoperative patients were
similar to the HCs. Improvement in cognitive functions after surgery was related to the normal endocrine
[62]. Consistently, we found that patients after successful tumor resection showed a sharply decreased
P200 amplitudes. Hence, postoperative patients performed as well as HCs in attention. Because on the
one hand, the suprasellar tumor was removed and former displacement of neuro-structures at or near the
sellar- region was no longer visible. Subsequently, the neural structures restored, which lead to the
recovery of attention. Therefore, we assume that patients suffered from suprasellar tumor, whether they
are functioning or not, can pro�t from the decompression of adjacent neuroanatomical structures [50]
[51]. On the other hand, surgery removed the tumor, reducing secretion from functioning pituitary
adenoma. With physiologically normal levels of hormone, postoperative pituitary patients manifested
improvement of attention, showing the similar amplitudes of P200 as HCs did.

Several limitations should be addressed. First, although there was a signi�cantly decreased theta
coherence in preoperative group, the relatively small sample size should be increased in our future study
to validate the generalization of this �nding. Second, The age of the patient at the time may play a role in
the hormonal disorders because older adolescents are more vulnerable to suffer cognitive impairments
compared to young patients [63].

Conclusion
In summary, the present study investigated the change of attention function in pituitary adenoma
patients by analyzing P200 component. P200 related to negative stimuli was larger in preoperative group
than the HCs and postoperative group. These data suggest the dysfunction of attention in preoperative
patients and improvement of attention function in postoperative patients. Successful removal of pituitary
adenomas and the restore to normal hormone levels may be associated with the recovery of attention.
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Table
Table1 Means and standard deviations for arousal and valence for each IAPS

Mean valence and                           IAPS                                       

arousal ratings         Positive            Neutral          Negative          P       

Valence               6.675±0.230 4.921±0.196 3.164±0.449 0.01

Arousal 5.550±0.246a 2.503±0.532 5.725±0.156a 0.01
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a P<0.05 compared with neutral stimuli;

 

Figures

Figure 1

Grand mean ERPs in each affectine stimuli and neutral stimuli at the 9 ERP electrodes with time window
of P200 for healthy controls (HCs or Healthy controls, Neutral or neutral stimuli, Negative or negative
stimuli, Positive or positive stimuli).
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Figure 2

Grand averages in response to negative stimuli of the three groups at each of the 9 ERP locations
employed in the present experiment stimuli (AS or postoperative group, BS or preoperative group, HCs or
Healthy controls).
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Figure 3

Grand mean ERPs in each emotional stimuli and neutral stimuli at the three electrodes(C3,Cz,C4) with
time window of P200 for three groups (AS or postoperative group, BS or preoperative group, HCs or
Healthy controls).


