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Abstract 

Background: Previous studies show a moderate improvement in health-related quality of life 

(HRQoL) following transsphenoidal surgery for pituitary adenomas, but no consistent 

predictors of HRQoL outcome have been identified. We aimed to evaluate overall HRQoL 

changes following such surgery, and assess potential patient or tumour characteristics that 

predict HRQoL outcome.  

Materials and methods: Sixty adult patients undergoing transsphenoidal resection of pituitary 

adenomas were prospectively enrolled. They completed the EQ-5D 3L, a generic HRQoL 

questionnaire, preoperatively, and at one (n=57) and six months (n=56) postoperatively. 

HRQoL was assessed as both postoperative change in median EQ-5D 3L score, and as change 

greater than the minimal clinically important difference (MCID) in EQ-5D 3L score. 

Multivariable logistic regression analyses were performed to assess potential predictors of 

clinically significant HRQoL changes (>MCID) at six months postoperatively.  

Results: There was a slight, but statistically significant, improvement in median EQ-5D 3L 

scores at six months postoperatively compared to preoperatively. Sixteen patients (29%) 

reported a clinically significant improvement in HRQoL at six months postoperatively, and 

larger preoperative tumour volume was a statistically significant predictor of such 

improvement. Eight patients (14%) reported a clinically significant deterioration in HRQoL at 

six months, but none of the assessed variables predicted such deterioration.  

Conclusions: Patient-reported overall HRQoL improved slightly after transsphenoidal 

surgery for pituitary adenomas at group level. Patients with larger tumours might have more 

HRQoL benefits from surgery, but the mechanisms behind the predictive nature of tumour 

volume remain unknown.  

Key words: patient-reported outcome measures; pituitary adenoma; quality of life; pituitary 

surgery.    
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Introduction 

 

An important aim of treatment is to improve or preserve health-related quality of life 

(HRQoL). Patient-reported outcome measures (PROMs) have gained acceptance and are 

more often assessed following neurosurgical interventions (1). Prior to treatment, patients 

with pituitary adenomas report reduced HRQoL compared to the general population, with 

different degrees of impairment depending on tumour type (2). Previous studies have reported 

temporary reductions in predominantly site-specific (sinonasal) quality of life (QoL) two to 

three weeks after transsphenoidal surgery, followed by slight, but sustained improvement up 

to one year postoperatively (3-5). In the few previous studies assessing predictors of 

postoperative changes in HRQoL, younger age and male gender predicted improvement in 

generic (general) HRQoL (6), while subtotal resection predicted deterioration in site-specific 

QoL (5). In many cases the indication for pituitary surgery may be relative and avoiding loss 

of overall HRQoL is crucial. Although there is some understanding of the impact of surgery 

on site-specific QoL, a better understanding of the postoperative dynamics of overall generic 

HRQoL can help elucidate the impact of both pituitary disease and surgical treatment. This 

may facilitate realistic expectations for both surgeons and patients.   

 

The aim of the present study was to describe the postoperative dynamics of generic HRQoL 

up to six months following transsphenoidal surgery for pituitary adenomas. We further sought 

to assess potential patient or tumour characteristics that could predict clinically significant 

postoperative changes in generic HRQoL.  

 

Materials and methods  

 



 5 

Study population 

We prospectively collected data from patients aged above 18 years undergoing 

transsphenoidal resection of pituitary adenomas at St. Olav´s University Hospital from 

October 2011 through November 2015. Surgery was performed using direct microscopy with 

endoscope assistance in selected cases. Data collection was approved by The Regional 

Committee for Medical and Health Research Ethics in Central Norway. All patients provided 

written informed consent before inclusion. A flow chart of the inclusion process is shown in 

Fig. 1.  

 

Figure 1 near here  

 

Outcome assessment  

HRQoL can be described as an individual´s or group´s perceived physical and mental health 

over time (7). Generic HRQoL instruments assess general aspects of HRQoL, and allow for 

comparisons across different diseases and patient populations, as opposed to disease- or site-

specific instruments (8). The EQ-5D 3L questionnaire is a generic HRQoL instrument 

developed by the EuroQol Group that is validated in the Norwegian population (9, 10). Five 

single-item dimensions are assessed: Mobility, Self-Care, Usual Activities, Pain/Discomfort, 

and Anxiety/Depression. Each dimension has three levels: “No problem”, “Slight problem”, 

and “Major problem”. The responses can be converted into a single index value (score) by 

using an empirically derived set of valuations. In the present study, the index value 

calculations were based on a British survey with scores ranging from -0.594 to one (11), 

where one corresponds to perfect health, zero to death, and negative values are considered to 

be worse than death. The questionnaire also consists of EQ VAS (visual analogue scale), 
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which is a quantitative measure of the patients´ perceptions of their health state ranging from 

worst imaginable health state (0) to best imaginable (100).  

 

Data collection  

Included patients completed the EQ-5D 3L questionnaire at admission one to three days 

preoperatively, and at one and six months postoperatively with structured telephone 

interviews by a study nurse. Clinical data were collected from medical records at our 

institution. Adenomas were classified based on clinical and biochemical assessment. 

Preoperative tumour volume was assessed with preoperative MRI and determined using the 

ellipsoid formula ((4𝜋𝑟1 • 𝑟2 • 𝑟3)/3, with rx defined as diameter/2 from the largest 

perpendicular diameters in the coronar and sagittal view). Gross total resection was 

determined based on data from routine postoperative follow-up visits at three months with 

MRI and endocrinological evaluation. Gross total resection in functional adenomas was 

defined as endocrinological normalization, and in non-functional adenomas as lack of residual 

tumour on MRI. Hypopituitarism was defined as the need for replacement therapy in at least 

one axis. Visual disturbances were defined as impaired vision or having a visual field defect 

documented by an ophthalmologist. Preoperative headache was defined as any report of 

headache in referral letters or hospital medical records. Complications within 30 days after 

surgery were classified using the Landriel classification system (12). Charlson Comorbidity 

Index (CCI) was used to classify comorbidities (13).  

 

Statistical analysis  

All analyses were performed using SPSS statistics, version 24.0 (IBM Corporation, Armonk, 

New York). Statistical level of significance was set to p < 0.05 (two-sided). No correction for 

multiple significance testing was performed. We performed complete data analyses (i.e. no 
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imputations), assuming that data was missing at random. Normal distribution of data was 

assessed with Q-Q-plots. Mean with 95% CI (Confidence Interval) are presented for normally 

distributed data, while median and range are presented for skewed data. Comparisons 

between continuous and normally distributed data before and after surgery were performed 

using related samples Student’s t-test, while related samples Wilcoxon signed-rank test was 

used for skewed data. Pearson’s Chi square test or Fisher’s exact test was used for categorical 

variables in contingency tables, and McNemars test was used for paired samples.  

 

We categorized postoperative EQ-5D 3L index values into improved, unchanged, and 

deteriorated in relation to their preoperative values, as defined by a change greater than the 

minimal clinically important difference (MCID). MCID is a change in patient-reported score 

following an intervention that is of importance to the patient (14). MCID can be useful for 

clinicians when deciding whether or not changes detected by QoL instruments are clinically 

significant for the patient, either beneficial or harmful. MCID values depend on type of 

disorder and has not been established for EQ-5D 3L in patients with pituitary adenomas. 

However, MCID for EQ-5D 3L was calculated to be 0.14 among patients with intradural 

extramedullary tumours (mainly schwannomas and meningiomas) (15), and 0.13 to 0.15 for 

intracranial gliomas (16). Based on these studies we estimated that an MCID value of 0.14 

would be a reasonable cut-off in our analyses.  

 

The presence of a ceiling effect for EQ-5D 3L index values was evaluated by reporting the 

proportion of patients with the highest achievable index value. The ceiling effect was 

considered small if  15% of patients achieved the highest index value and moderate if > 15% 

(17). A series of univariable analyses were performed to determine if preoperative EQ-5D 3L 
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index values differed between subgroups of patients. Skewed continuous data was assessed 

using Mann-Whitney U test.  

 

The following variables were screened for potential inclusion in multivariable logistic 

regression analyses described below: gender, age, functional adenomas (y/n), preoperative 

visual disturbances (y/n), preoperative tumour volume (ml), primary surgery (y/n), 

preoperative headache (y/n), preoperative hypopituitarism (y/n), hypopituitarism three months 

postoperatively (y/n), gross total resection (y/n). Variables associated with trends (p < 0.1) in 

univariable analyses were entered in multivariable logistic regression analyses to identify 

factors independently associated with clinically significant (> MCID) improvement or 

deterioration in EQ-5D 3L index value at six months postoperatively compared to 

preoperatively.  

 

For sample size calculation, values for standard deviation (0.25) and MCID (0.14) were 

obtained from published literature on glioma patients (16), since EQ-5D 3L has not 

previously been used on patients with pituitary adenomas. A sample size calculation for 

paired samples were performed using SamplePower, 27 patients were required to provide 

power of 0.8 with alpha level of 0.05. Due to the skewed distribution of EQ-5D 3L index 

values, 15% was added resulting in a total of 31 patients.  

 

Results 

 

The final study sample consisted of 60 patients with pituitary adenomas (Figure 1). Median 

(range) follow-up was at four (3-6) weeks and six (5-7) months postoperatively. Patient and 
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treatment characteristics are presented in Table 1. As seen, the majority of patients had non-

functional adenomas and mean age at surgery was 54 years.  

 

Table 1 near here  

 

EQ-5D 3L index values and EQ VAS preoperatively and at one and six months 

postoperatively are presented in Table 2. For the 57 patients assessed at one month, there was 

no statistically significant improvement in median EQ-5D 3L index value compared to the 

preoperative value (0.81 vs. 0.80), p = 0.06. Twelve patients (21%) reported a clinically 

significant improvement (>MCID), while seven (12%) reported a clinically significant 

deterioration, and 41 (68%) remained unchanged. Among the seven patients that reported a 

clinically significant deterioration, three reported the highest achievable EQ-5D 3L index 

value (1.0) preoperatively. For the 56 patients assessed at six months, there was a statistically 

significant improvement in median index value compared to the preoperative value (0.85 vs. 

0.80), p = 0.03. Sixteen patients (29%) reported a clinically significant improvement, while 

eight (14%) reported a clinically significant deterioration, and 32 (57%) remained unchanged. 

Among the eight patients that reported a clinically significant deterioration, five reported the 

highest achievable EQ-5D 3L index value preoperatively. There was no statistically 

significant difference between median EQ-5D 3L index value at one and six months 

postoperatively. No statistically significant differences in EQ VAS were found among the 53 

patients who completed EQ VAS at all three test points.  

 

Table 2 near here  
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In the series of univariable analyses, the median EQ-5D 3L index value preoperatively was 

statistically significantly lower among women, patients with functional adenomas and patients 

with headache (Table 3).  

 

Table 3 near here  

 

Predictors of clinically significant (>MCID) postoperative improvement in EQ-5D 3L index 

value at six months in univariable analyses were younger age, larger preoperative tumour 

volume and having non-functional adenomas. Table 4 shows the outcome of the multivariable 

logistic regression analysis predicting the likelihood of clinically significant postoperative 

improvement in EQ-5D 3L index value at six months postoperatively. The model was 

statistically significant (χ2 = 16.3, p = 0.001), explained 36% (Nagelkerke R2) of the variance, 

and correctly classified 79% of cases. In the multivariable logistic regression analysis 

predicting likelihood of clinically significant postoperative improvement in EQ-5D 3L index 

value, larger preoperative tumour volume was an independent predictor at six months 

postoperatively (Table 4). We failed to identify predictors of clinically significant 

postoperative deterioration in EQ-5D 3L index value.  

 

Table 4 near here  

 

The percentages of patients reporting any problem (slight or major) for each of the five EQ-

5D 3L dimensions before and after surgery are presented in Figure 2.  

 

Figure 2 near here  

 

Discussion 
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We found that overall generic HRQoL was generally good in patients both before and after 

transsphenoidal surgery for pituitary adenomas. There was a slight, but statistically significant 

improvement in HRQoL at six months postoperatively compared to preoperatively. 

Approximately one third of patients reported a clinically significant improvement in HRQoL 

six months postoperatively. Larger preoperative tumour volume was associated with higher 

odds of such improvement. Preoperative headache and having a functional adenoma were 

associated with worse preoperative HRQoL, but these were not significant predictors of 

postoperative improvement. Although we did not identify predictors of clinically significant 

postoperative deterioration in HRQoL, 14% of patients reported such deterioration.  

 

Although there was a statistically significant improvement in HRQoL at 6 months 

postoperatively, there was no such improvement at one month postoperatively. This may be 

explained by transitory postoperative discomfort and is in concordance with previous reports 

of reduced sinonasal QoL in the first postoperative month (3-5). Preoperative tumour volume 

has not been assessed in previous studies seeking to identify predictors of postoperative 

improvement in HRQoL after transsphenoidal surgery for pituitary adenomas (5, 6). We 

observed an association between larger preoperative tumour volume and higher odds of 

clinically significant postoperative improvement in HRQoL. This might reflect that patients 

with larger tumours suffer from symptoms that respond well to surgery, such as visual 

disturbances, thereby improving HRQoL. Due to limited power, our analysis does not exclude 

other potential predictors, such as hormone secretion and headache. Additionally, the generic 

HRQoL questionnaire used is associated with a significant ceiling effect, as demonstrated by 

one third of patients reporting the highest achievable score before surgery. Thus, our methods 

are not sensitive enough to detect less pronounced symptoms that might or might not have 
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improved after surgery. Given the good preoperative HRQoL, the potential for postoperative 

improvement is low and the potential benefit is easily lost if adverse effects occur, especially 

in the short-term.  

 

In our study, younger age was not predictive of postoperative improvement in overall generic 

HRQoL. In comparison, a previous study found that younger age was predictive of 

improvement in psychological distress three months postoperatively, but it was not predictive 

of improvement detected by the other three QoL instruments used (6). This leads us to 

question the predictive importance of age on postoperative improvement in HRQoL. In our 

study, male gender was associated with higher HRQoL preoperatively compared to females, 

but it was not predictive of postoperative HRQoL improvement. This is opposed to the 

findings by Milian et al. who reported that male gender favoured postoperative improvement 

in HRQoL, although the conclusions from that study may be less certain due to the multiple 

analyses performed (6). The gender-difference detected preoperatively in our sample, may 

reflect those of the general population rather than disease-related gender-differences (18). 

Furthermore, having a functional adenoma was associated with lower HRQoL preoperatively 

compared to non-functional adenomas in our study. This is in concordance with previous 

findings of markedly impaired HRQoL especially among patients with Cushing´s disease (2).  

 

In guidelines for the treatment of pituitary incidentalomas, unremitting headache is an 

indication for considering surgery (19). Approximately one in four patients in our study 

reported headache preoperatively, although headache type was not further classified. Patients 

with headache reported significantly reduced HRQoL preoperatively compared to those 

without, but preoperative headache was not predictive of postoperative improvement in 

overall HRQoL. There was a reduction in the number of patients reporting pain/discomfort 
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postoperatively compared to preoperatively, but as no information on headache at follow-up 

was available, it is not possible to either confirm or refute that this was because of reduced 

headache. Previous studies have generally not found larger pituitary tumour volume to be 

associated with headache frequency (20-22). Thus, headache alone may still be a 

controversial indication for treating pituitary adenomas (20, 22-24).  

 

The EQ-5D 3L dimensions that patients reported markedly less problems with postoperatively 

compared to preoperatively, were Pain/Discomfort, Usual Activities and Anxiety/Depression, 

thereby explaining the improved HRQoL reported by some patients. The observed reduction 

in the number of patients reporting problems with Anxiety/Depression could perhaps be 

interpreted as postoperative relief of surgery-related anxiety, rather than disease- and 

treatment-associated changes. Anxiety and depression are also prevalent conditions in the 

general population (25), and the observed high prevalence both before and after surgery might 

partly be caused by comorbid conditions.  

 

Even though we failed to identify predictors of clinically significant postoperative 

deterioration in overall HRQoL, approximately one in six patients reported such deterioration. 

Such patients may have few symptoms preoperatively, but undergo surgery to prevent later 

problems, such as progressive visual disturbances. Consequently, they have little short-term 

gain from surgery, and at least a temporary deterioration in HRQoL may then be expected. 

The reason why some patients deteriorated may be multifactorial, possibly reflecting random 

fluctuations in the condition, other conditions affecting HRQoL, or unrelated life events. 

Nonetheless, combined with the relatively benign nature of some pituitary adenomas and the 

risk of adverse events following surgical interventions, this highlights the importance of 

careful and well-founded selection of patients for surgery.  
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Strengths of this study include a prospective, longitudinal design, and the use of MCID 

defining clinically significant postoperative changes in HRQoL. The EQ-5D 3L was chosen 

due to its multidimensional structure and simplicity. Generic HRQoL instruments help 

establish the relative merit of different interventions, and can be useful for allocating 

resources (8). However, a disease-specific questionnaire such as the Leiden Bother and Needs 

Questionnaire presumably would have been more sensitive to problems commonly 

encountered by pituitary adenoma patients, but this was not developed at the time of patient 

inclusion (26). A major limitation is the relatively small sample size resulting in vulnerability 

to bias and reduced statistical power. Assessment of gross total resection and hypopituitarism 

were based on medical records from routine appointments, hence the endocrinological 

assessment may differ among included patients. The exploratory nature of our study 

combined with the lack of correction for multiple significance testing, raises the risk of false 

positive findings. It is possible that a follow-up time of six months is neither sufficient for 

long-term correction of hormonal imbalances nor for the negative effects of a functional 

adenoma to be fully reversed. This could explain QoL impairments beyond six months 

detected in some other studies (27-30). Furthermore, we observed a large ceiling effect in EQ-

5D 3L index values resulting in reduced responsiveness. This may partly explain why it 

proved difficult to identify predictors of postoperative improvement, since a considerable 

proportion of patients reported so high HRQoL preoperatively that it was impossible to 

achieve a clinically significant improvement postoperatively. 

 

Conclusions 
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In this series of functional and non-functional adenomas resected through the transsphenoidal 

route, overall generic HRQoL was generally good in the majority of patients both before and 

after surgery. Patients with preoperative headache or functional adenomas reported worse 

preoperative HRQoL. At group level, HRQoL improved slightly at six months 

postoperatively compared to preoperatively. Patients with larger tumours were more likely to 

experience clinically significant postoperative improvement in HRQoL.  
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Table 1 Patient and treatment characteristics 

Age in years, mean (SD) 53.7 (15.0) 

Female, n (%) 32 (53) 

Preoperative CCI > 1, n (%) 5 (8) 

Preoperative symptoms, n (%) 

Headache 

 

17 (28) 

Visual disturbances 23 (38) 

Primary surgery, n (%)  51 (85) 

Adenoma type, n (%) 

Non-functional 

 

36 (60) 

Adrenocorticotropic-secreting 7 (12) 

Growth hormone-secreting 16 (27) 

Prolactinoma 1 (2) 

Preoperative tumour volume in ml, median (range)  3.3 (0.013-23.2) 

Gross total resectiona, n (%)  27 (47) 

Hypopituitarismb, n (%)  

Preoperative 21 (35) 

Postoperative 33 (55) 

Landriel classification grading, n (%) 

No complications  

 

35 (58) 

Grade 1 (non-life-threatening) 21 (35) 

Grade 2 (requiring invasive treatment)  2 (3) 

Grade 3 (life-threatening, ICU management) 0 (0) 

Grade 4 (death)  1 (2) 

Complications, n (%)   

Transient DI 9 (15) 

Persistent DI  4 (7) 

UTI  6 (10) 

Sinusitis  4 (7) 

CSF leak 3 (5) 

Other infections  3 (5) 

Epistaxis  3 (5) 

Pneumonia  3 (5) 

Symptomatic cavity hematoma  3 (5) 

Cerebral infarction  2 (3) 

SIADH 1 (2) 

Cerebral edema  1 (2)  

 
SD Standard deviation, CCI Charlson comorbidity index, ICU Intensive care unit, DI Diabetes 

insipidus, UTI Urinary tract infection, CSF Cerebrospinal fluid, SIADH Syndrome of inappropriate 

antidiuretic hormone. aDefined as endocrinological normalization in functional adenomas, and as lack 

of residual tumour on MRI in non-functional. bDefined as the need for replacement therapy in at least 

one axis. 
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Table 2 EQ-5D 3L index values and EQ VAS before and after transsphenoidal surgery for 

pituitary adenomas. Follow-up data compared to preoperative data  

 

 Preoperatively, 

n = 60 

One month 

postoperatively, n = 57 

Six months 

postoperatively, n = 56 

EQ-5D 3L index value, 

median (range) 

0.80 (0.10-1.0) 0.81 (-0.07-1.0) 0.85 (0.09-1.0) 

MCID group, n (%) 

Improved 

 

 

 

12 (21) 

 

16 (29) 

Unchanged  41 (68) 32 (57) 

Deteriorated  7 (12) 8 (14) 

No. of patients (%) with 

maximum index value (1.0) 

18 (30) 22 (39) 23 (41) 

EQ VAS, median (range) 75 (38-100) 75 (25-100) 80 (20-100) 

 
MCID Minimal clinically important difference; defined as minimum 0.14 difference in EQ-5D 3L 

index value, Sagberg et al. (16), VAS visual analogue scale.  
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Table 3 Univariable analyses of median EQ-5D 3L index values for various patient and 

tumour characteristics before transsphenoidal surgery for pituitary adenomas  

 

Characteristic Median EQ-5D 3L index value P 

Yes No 

Female gender 0.71 0.82 0.01 

Age  60 years 0.78 0.80 0.34 

Primary surgery 0.80 0.88 0.48 

Functional adenoma 0.75 0.80 0.04 

Adrenocorticotropic-secreting 0.56 0.80 0.13 

Growth hormone-secreting  0.78 0.80 0.47 

Preoperative headache 0.69 0.81 0.001 

Preoperative visual disturbances  0.80 0.80 0.69 

Preoperative hypopituitarisma  0.80 0.80 0.73 

 

aDefined as the need for replacement therapy in at least one axis. 
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Table 4 Multivariable logistic regression analysis (enter) predicting likelihood of clinically 

significant (>MCID) postoperative improvement in EQ-5D 3L index value after 

transsphenoidal surgery for pituitary adenomas  

 

Predictor Six months postoperatively 
OR 95% CI OR P 

Age 0.95 0.89-1.00 0.06 

Preoperative tumour 

volume 

1.27 1.08-1.48 0.003 

Functional adenomasa 0.26 0.05-1.39 0.12 

 
OR Odds Ratio, CI Confidence Interval. aFunctional adenomas (=1), non-functional (=0).  

 


