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Abstract

Purpose Pituitary adenomas affect patients’ quality-of-life (QoL) across several domains, with long-term implications
even following gross-total resection or disease remission. While clinical outcomes can assess treatment efficacy, they do not
capture variations in QoL. We present the development and validation of a patient reported outcome measure (PROM) for
patients with pituitary adenomas undergoing transsphenoidal surgery.

Methods The COSMIN checklist informed the development of the pituitary outcome score (POS). Consecutive patients
undergoing surgical treatment for suspected pituitary adenoma at a single centre were included prospectively. An expert
focus group and patient interviews informed item generation. Item reduction was conducted through exploratory factor
analysis and expert consensus, followed by assessment of the tool’s validity, reliability, responsiveness, and interpretability.
Results 96 patients with a median age of 50 years validated the POS. The final questionnaire included 25 questions with
four subscales: EQ-5D-5L-QoL, Visual Symptoms, Endocrine Symptoms and Nasal Symptoms.

Conclusion The POS is the first validated PROM for patients undergoing transsphenoidal surgery for a pituitary adenoma.
This PROM could be integrated into contemporary practice to provide patient-centred outcomes assessment for this patient
group, aligning more closely with patient objectives.

Keywords Pituitary adenoma - Patient-reported outcome measure - PROM - Transsphenoidal surgery - Quality of life -
Pituitary surgery

Introduction

Pituitary adenomas comprise 18% of central nervous system

tumours [1], with a prevalence of 75.7-115.6/100,000 [2].
Surgical resection is the mainstay of treatment for sympto-
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Transsphenoidal surgery is the preferred surgical approach,
with relatively lower complication rates, shorter operative
times and faster recovery compared with alternatives [3-5].

Surgical outcome measures of treatment effectiveness
include the extent of surgical resection, biochemical remis-
sion, visual recovery, and re-operation rates [6-9]. Yet,
there is growing recognition of the wider impact of pituitary
adenomas on patient quality of life (QoL) across multiple
domains [10-12]. Their long-term impact adversely affects
patients’ QoL despite gross-total resection or induction of
remission [13, 14], meaning established signifiers of “effec-
tive” treatment fail to capture variations in patients’ experi-
ence or long-term QoL. Whilst achieving existing clinical
outcome measures is fundamental, particularly in disease
causing significant morbidity, alone they are insufficient to
assess quality of care [15].

Patient-reported outcome measures (PROMs) are estab-
lished markers of treatment efficacy [16, 17]. Both generic
and disease-specific PROMs have been used to evaluate
pituitary adenoma surgery outcomes [18, 19]; however,
existing efforts are limited to disease specific tools [18] or
employment of employ generic patient-reported outcome
measures [20]. The Leiden Bother and Needs questionnaire
(LBNQ-Pituitary) assesses how much patients are affected
by their condition [21], but provides limited assessment on
visual symptoms and lacks key items related to nasal symp-
toms, associated with non-functioning adenomas and trans-
sphenoidal surgery, respectively.

Currently there is no gold-standard, dedicated PROM for
patients undergoing surgery for pituitary adenoma. There is
value in developing such a PROM, considering the impact
pituitary adenomas have on QoL. Establishing a validated
PROM would greatly facilitate outcomes research and align
interventions with patient priorities. Individualised patient
feedback can drive improvements in clinical care and inform
providers regarding performance metrics [22].

We aimed to produce a validated PROM tool for patients
with pituitary adenoma undergoing surgery following the
COnsensus-based Standards for the selection of health
Measurement INstruments (COSMIN) checklist [23, 24].

Methods
Study design

The PROM questionnaire, named the Pituitary Outcome
Score (POS), was developed and validated according to the
COSMIN checklist [25] using four steps (1) identification of
patient population, (2) item generation, (3) item reduction
and (4) determination of its validity, reliability, responsive-
ness, and interpretability.
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Patient identification and participation

Prospective, consecutive, eligible patients with pituitary
adenomas attending an elective neurosurgical clinic and
scheduled for transsphenoidal surgery between February
2019 and August 2021 were invited to participate in the
study. Verbal consent was obtained, and surveys were dis-
tributed. Inclusion criteria were: minimum age 18, diag-
nosed with pituitary adenomas, scheduled for transsphe-
noidal surgery, and able to complete the questionnaire.

Item generation

Prior to developing the POS questionnaire, a systematic
review of the literature was conducted to identify exist-
ing PROMs used for the target patient population. An
expert focus group developed the items relevant for the
questionnaire, followed by patient interviews. We incor-
porated established QoL questions into the POS from the
EQ-5D-5L[26], here referred to as the EQ-5D-5L-QoL.

Expert focus group

The expert focus group comprised three endocrinologists,
three neurosurgeons, two ophthalmologists, one psycholo-
gist and one specialist nurse. All participating members
have extensive experience in managing patients with pitui-
tary adenomas undergoing transsphenoidal surgery. Fol-
lowing discussion, items were developed by four members
of the group and reviewed by all group members.

Patient interviews

Involvement of patients during the development of PROMs
ensures an accurate reflection of patient experience [24,
27]. In the final stage of Item Generation, patients who had
previously undergone transsphenoidal surgery for pituitary
adenomas (invited from The Pituitary Foundation) were
interviewed to review the questionnaire’s readability, and
ease of comprehension.

Data collection

Participants completed the surveys at four different time
points; (1) pre-operatively: the 36-item Short Form (SF-
36) [28], a Global Perceived Effect (GPE) scale, demo-
graphics, and the preliminary POS, followed by (2) two
weeks later: the preliminary POS and a GPE scale, as well
as a (3) 3-month post-operation POS and GPE scale, and a
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(4) 6-month post-operative POS and a GPE scale. Surveys
were completed by participants in their own time.

The GPE scale, a single-item global rating scale, quanti-
fies the patient’s perception of their current overall health
and provides a measure of perceived recovery [29, 30]. The
GPE was adjusted for each survey time-point to reflect the
stage of their condition. The rating scale included in the
first survey assessed the patient’s perception of the degree
to which the pituitary adenoma affected their overall health.
The GPE scales in the three other surveys assessed cur-
rent health status compared with the first survey timepoint
(Online Resource 1). In addition to providing a measure for
patient perceived recovery, the GPE was included to serve
as an anchor for the responsiveness and interpretability
analyses.

Item reduction and measurement properties

A prospective clinical cohort study was conducted. The
measurement properties (reliability, responsiveness, validity,
and interpretability) of the POS were assessed according to
the COSMIN checklist. Internal consistency, test-retest reli-
ability, and measurement error were calculated to assess the
reliability of the questionnaire, while the validity was evalu-
ated using calculated correlation coefficients with a generic
PROM, the SF-36. Responsiveness was assessed by calcu-
lating the mean change scores (MCS) for patients reporting
improved, no different and deteriorated health-states on the
GPE six months after surgery, as well as the standardised
response mean (SRM) and effect size. Furthermore, assess-
ment of interpretability was done through examining mini-
mal important difference (MID), minimal important change
(MIC), smallest detectable change (SDC), and floor and
ceiling effects. Statistical analyses were performed for each
subscale using SPSS statistics (version 27).

Item reduction

An exploratory factor analysis (EFA) [31] was done to assess
the structural validity of the questionnaire using principal
axis factoring with promax rotation. Following data collec-
tion completion, item reduction was discussed in the expert
focus group and consensus regarding item removal was
achieved, guided by EFA results and clinical judgement.

Reliability

Cronbach’s alpha was calculated using the baseline POS data
to evaluate internal consistency, where scores below 0.50
and above 0.70 were considered to indicate poor and accept-
able internal consistency, respectively [32]. Test—retest reli-
ability was evaluated by calculating the intraclass correla-
tion coefficient (ICC) using the two pre-operative surveys,

baseline and the retest two weeks after. Only participants
reporting no change in their clinical condition on the GPE
scale were included for the test-retest reliability assessment.
The two-week time interval was chosen as it was deemed
long enough for patients to have forgotten their previous
responses, while being short enough for their condition to
have remained stable. The ICC two-way mixed effect with
absolute agreement was calculated with a score above 0.70
indicating a good test—retest reliability [33]. The degree of
variation in the measurement error of the POS subscales was
determined with standard error of measurement (SEM) and
was calculated using the formula SEM = SD*(\/ (1-ICC)).

Validity

The POS was correlated with the SF-36 questionnaire, a
generic PROM measuring health status consisting of eight
subscales. All items carry equal weight and are scored on a
scale of 0-100. The SF-36 is commonly used as it is a valid
and reliable measurement for health-related QoL [34].

The Spearman’s correlation coefficients were calculated
for individual POS subscales with individual SF-36 sub-
scales from the baseline survey. The correlation coefficients
were used to determine the degree of relation between
subscale of the two questionnaires, where constructs are
either related (convergence) or not related (divergence),
and whether this aligned with theoretical expectations [35].
Correlations 0 to +0.40 were considered low, correlations
between + 0.40 and +0.70 were considered moderate, and
correlations +0.70 to + 1 were considered high [36].

We expected related constructs would be more strongly
correlated than unrelated constructs. The a priori hypothesis
was that a stronger correlation would be observed between
the POS EQ-5D-5L-QoL subscale and the SF-36 overall,
while the Endocrine Symptoms subscale would be moder-
ately correlated with the SF-36 subscales. Furthermore, we
expected a weaker correlation would be observed with the
Visual Symptoms and Nasal Symptoms subscales as these
measure pituitary adenoma-specific and surgery-specific
properties.

Responsiveness

The post-operation GPE score, where patients rate their
condition on a scale ranging from “much better” to “much
worse”, aided evaluation of the questionnaire’s responsive-
ness. The Spearman’s correlation coefficient was calculated
from the baseline questionnaire and the 6-month post-
operative questionnaires. The degree of change was meas-
ured using the participants’ responses to the GPE scale and
grouped as improved, no change, and deteriorated. The a
priori hypothesis was that the change scores between the
baseline and the post-operative POS questionnaires would
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correlate with the GPE responses. Furthermore, the SRM
and effect size were calculated according to each GPE
anchor, where an effect size of > 0.80 is generally considered
a large change [34, 37].

Interpretability

Interpretability was evaluated with the SDC, MIC, MID,
and floor and ceiling effects. The SDC was calculated to
determine the smallest change in scores needed to identify
whether the change in questionnaire score is real beyond the
measurement error. The SDC was calculated at the individ-
ual level (SDC(ind)) and the group level (SDC(gr)) using the
SEM of the test—retest reliability. The SDC was calculated
at the individual level as SEM*1.96*\/2, and calculated at
the group level as (SEM*1.96*\/ 2)/n. The MIC and MID
were calculated using anchor-based methods where the GPE
score was the external criterion. The MIC was reported as
the mean POS change score for patients answering “bet-
ter” on the GPE scale. The MID was calculated by subtract-
ing the mean POS change score for patients reporting “no
change” on the GPE scale from the MIC. To distinguish with
certainty between clinically important changes and meas-
urement errors, the MIC needs to be bigger than the SDC
(ind) [38]. A floor and ceiling effect was considered to have
occurred if more than 15% of participants reported the low-
est or highest possible score for a subscale.

Other analyses

Mean subscale scores were calculated for baseline and
6-month follow-up surveys. Two sample t-tests were done
to compare the mean POS subscale scores between patients
who underwent an endoscopic approach and those that
underwent a microscopic approach. A p value <0.05 was
considered to be significant.

Results
Patient identification and participation

96 patients were recruited (median age 50 years, slight
female predominance 53.1%). There were 76 macroadeno-
mas (81.7%) and 17 microadenomas (18.3%). Histology
for three patients was unexpected: meningioma (n=1) or
Rathke’s Cleft cyst (n=2). 54 patients had non-functioning
and 42 had functioning adenomas. 90 patients underwent
surgery, with 46 undergoing endoscopic resection and 44
undergoing microscopic resection (Table 1).

Following removal of entries with incomplete sur-
vey completion, the baseline survey had 92 participants
(95.8%), the retest survey had 60 participants (89.6%), the
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Table 1 Demographics

Characteristic N (%)
Demographics

Sex: female, N (%) 51 (53.1%)
Median age in years (IQR) 50 (18.3)
Tumour size (Adenoma, N=93)

Micro (0—10 mm) 17
Macro (> 10 mm) 76
Diagnosis

Functioning adenoma 42
Acromegaly 16
Cushing’s disease 15
Prolactinoma 5
Mixed (growth hormone-secreting/prolactinoma) 1
Thyrotropinoma 1
Non-functioning adenoma 54
Meningioma

Rathke’s cleft cyst 2
Surgery

Underwent surgery 90
Endoscopic 46
Microscopic 44

3-month follow-up survey had 57 participants (91.9%), and
the 6-month follow-up survey had 44 participants (95.7%).
There were no missing data entries for participants included
in the analyses. However, data numbers had to be adjusted
for eligibility when performing the analyses resulting in
lower sample sizes.

Item generation
Expert focus group

The first version of the questionnaire comprised 15 items
with four subscales: EQ-5D-5L-QoL, Visual Symptoms,
Endocrine Symptoms, and Nasal Symptoms. The EQ-5D-5L
[39] was integrated in the POS as a QoL measure. Three
items from the Cat-PROMS were rephrased and included
in the Visual Symptoms subscale [40]. Following review
to assess for readability and ease of comprehension by the
focus group, nine additional items were added.

Patient interview

Data saturation was achieved after four patient interviews.
Two questions were added, use of capital letters was mini-
mised and sentences were shortened. A clarifying sentence
stating patients should select the option “no problem at all”
for questions they considered to be unrelated to them was
added.
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Preliminary questionnaire pilot

The fourth version of the questionnaire contained 26 ques-
tions with four subscales: EQ-5D-5L-QoL (five items), Vis-
ual Symptoms (four items), Endocrine Symptoms (14 items)
and Nasal Symptoms (three items). The questionnaire was
piloted with two additional patients; no further modifications
were needed, so the fourth version of the questionnaire was
used in this study.

Item reduction and measurement properties
Item reduction

The fourth version of the POS comprised 26 items. Fol-
lowing review of the EFA results and clinical judgement,
one item (“how much are you having problems recovering
from minor illnesses”) was removed from the Endocrine
subscale. 25 items were included in the final version of the
POS (panel) and subsequent analyses were performed on
these data.
Panel: Pituitary Outcome Score.

Table2 Reliability

POS Subscale Cronbach’s  ICC (95% CI),n=37 SEM
alpha, n=92

EQ-5D-5L-QoL 0.835 0.956 (0.910-0.978)  1.49

Visual symptoms 0.759 0.912 (0.829-0.954)  1.66

Endocrine symptoms  0.910 0.954 (0.911-0.976)  5.81

nasal symptoms 0.634 0.908 (0.821-0.953)  1.76

EQ-5D-5L-QoL EuroQol-5 dimention-5 level-quality of life, /CC
Intraclass correlation coefficient, POS Pituitary outcome score, SEM
Standard error of measurement

Reliability

Cronbach’s alpha was above 0.70 for the EQ-5D-5L-QoL,
Visual and Endocrine subscales indicating good internal
consistency [32]. The Nasal subscale had a Cronbach’s alpha
of 0.63 which is acceptable [41].

Participants who completed both the baseline and retest
survey, as well as stating “same as before” on the GPE scale,
were included in the test-retest analysis, yielding a sample
size of 37. The ICC values were above 0.90 for all subscales
(Table 2) indicating excellent reliability [33]. The standard
error of measurement is given in Table 2.

Validity

The POS EQ-5D-5L-QoL subscale had correlation coeffi-
cients below — 0.60 with every SF-36 subscale of which
three were below — 0.70, while the POS Endocrine subscale
had correlation coefficients below — 0.50 with every SF-36
subscale. As expected, the correlation coefficients between
the Visual Symptoms subscale and SF-36 subscales were
all above — 0.40. The Nasal subscale had low to moderate
correlations with the SF-36 with five subscales having coef-
ficients above — 0.40 (Table 3).

Responsiveness

The change in scores from baseline to the 6-month post-
operation survey (Table 4) showed low correlation with
GPE scores. Overall, the MCS were higher for patients
reporting feeling ‘better’ and ‘much better’ on the GPE
scale post-operation, meaning they had a greater reduc-
tion in their POS subscale scores, except for the Nasal
subscale where the ‘no change’ group had a higher MCS.
Effect size was above 0.80 for the EQ-5D-5L-QoL, Visual

Table 3 Construct validity

POS subscales, n=92

EQ-5D-5L-QoL.  Visual symptoms

Endocrine symptoms ~ Nasal symptoms

SF36
General health — 0.686%*
Physical function —0.767**
Physical role — 0.759%*
Emotional role —0.614%*
Social functioning — 0.689%*
Bodily pain —0.738**
Vitality — 0.692%*
Mental health — 0.600%*

—0.095 — 0.627%* — 0.280%**
— 0.264* — 0.560%* — 0.356%*
— 0.242% — 0.644%* — 0.420%*
- 0.109 — 0.681%* — 0.385%*
- 0.214* — 0.745%* —0.451%*
—0.319%* — 0.655%* — 0.609%*
—0.002 — 0.728** — 0.344%*
—0.141 — 0.735%* —0.357%*

EQ-5D-5L-QoL EuroQol-5 dimention-5 level-quality of life, POS Pituitary outcome score, SF36 36-Item

short form

*Correlation is significant at the 0.05 level (2-tailed)

**Correlation is significant at the 0.01 level (2-tailed)
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Table 4 Responsiveness

POS Subscales Spearman’s, n=38

Improved group®, n=29

No change group®®, n=5 Deteriorated group™¥¥, n=4

(76%) (13.2%) (10.5%)

MCS  Effectsize SRM MCS  Effectsize SRM MCS Effect size SRM
EQ-5D-5L-QoL —0.356* 248 1.04 0.94 1.60 0.35 0.47 1.00 0.22 0.43
Visual symptoms —-0.198 1.86 0.88 0..85 1.40 0.33 0.37 -1.00 -0.33 -0.23
Endocrine symptoms —0.320 10.21  1.07 1.16 3.80 0.30 0.79 6.25 0.92 0.73
Nasal symptoms -0.221 0.52 0.22 0.19 1.00 0.30 0.42 0.00 0 0

EQ-5D-5L-QoL EuroQol-5 dimention-5 level-quality of life, MCS Mean change score, POS Pituitary outcome score, SRM Standardised

response mean
*Correlation is significant at the 0.05 level (2-tailed)
SGPE response = “much better” or “better”

SYGPE response = “same as before”

888 GPE response = “much worse” or “worse”

and Endocrine subscales for the improved group and the
Endocrine subscale for the deteriorated group.

Interpretability

The values for the MIC and MID for the 6-months post-
operation timepoint and values for the individual and
group SDCs are given in Table 5.

No subscale had a ceiling effect for any survey
(Table 5). The Nasal subscale had a floor effect on both
surveys while the EQ-5D-5L-QOL and Visual subscales
had floor effects on the post-operation survey.

Other analyses
There were no significant differences in POS subscale

scores between the endoscopic approach and microscopic
approach (Table 6).

Table 5 Interpretability

Discussion
Principal findings

We present the first validated PROM for patients with pitui-
tary adenoma undergoing transsphenoidal surgery. The
POS comprises 25 items and is divided into four subscales
reflecting core domains in this patient group: EQ-5D-5L-
QoL, Visual Symptoms, Endocrine Symptoms, and Nasal
Symptoms. The questionnaire’s reliability, responsiveness,
validity, and interpretability were assessed systematically
using the COSMIN checklist [24] and validated against
the SF-36, the most used QoL measure for patients with
pituitary adenomas [12]. PROMs are widely recognised as
transformational healthcare tools, harnessing the patient’s
perspective of symptoms, QoL and functional status to
measure the effects of healthcare delivery [16]. Their appli-
cations are multitudinous, particularly with the prospect of
providing standardised outcome measures that are closely
aligned with patient objectives [16]. The POS offers a novel
tool to report specific and relevant outcomes measures for

6-months Baseline survey, n=92 6-month post-operation,
n=44
POS subscales MIC,n=16 MID,n=5 SDC(ind),n=37 SDC(gr),n=37 Flooreffect % Ceiling Floor effect % Ceiling
effect % effect %
EQ-5D-5L-QoL 2.00 0.40 4.13745561 0.68019351 9 0 25 0
Visual symptoms 1.71 0.21 4.58906731 0.75443802 9 0 18 0
Endocrine symptoms ~ 7.43 3.63 17.2124842 2.82971498 0 1 0 0
Nasal symptoms 0.14 —0.86 4.88809919 0.80359856 20 1 23 0

EQ-5D-5L-QoL EuroQol-5 dimention-5 level-quality of life, M/C Minimal important change, MI/D Minimal important difference, POS Pituitary
outcome score, SDC(gr) Smallest detectable change, group level, SDC(ind) Smallest detectable change, individual level
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Table 6 Other analyses POS Subscale

Mean baseline
survey score

Mean 6-month post-op
survey score

Endoscopic (n=20) vs
microscopic (n=21) surgery
scores

P value (95% CI)
EQ-5D-5L-QoL 9.28 7.60 7.20 vs 8.24

0.310 (— 3.08-1.00)
Visual symptoms 8.39 6.82 7.65 vs 6.29

0.142 (- 0.48-3.21)
Endocrine symptoms 34.7 279 26.3 vs 29.8

0.346 (- 11.0-3.93)
Nasal symptoms 6.44 5.57 5.85vs 5.48

0.660 (- 1.33-2.08)

EQ-5D-5L-QoL EuroQol-5 dimention-5 level-quality of life, POS Pituitary outcome score

this patient group, which will form a valuable adjunct to the
established outcome assessments of pituitary patients [6-9].

Reliability

All subscales showed acceptable internal consistency aside
from the Nasal subscale, which may be attributed to the
low number of items within the subscale [41, 42]. The POS
demonstrated excellent test—retest reliability, with all ICC
values above 0.90. Our findings are in keeping with similar
validation studies in other fields [43, 44] and demonstrate
POS’s reliability.

Validity

Construct validity was assessed through correlations
between the POS subscales and the SF-36 [45]. The POS
EQ-5D-5L-QoL subscale had the strongest correlation with
SF-36 overall, demonstrating convergent validity with a
commonly used and validated QoL measure. The remain-
ing subscales assess domains specific to pituitary adenoma
patients undergoing transsphenoidal surgery, exemplified
by the low correlations seen between the Visual Symptoms
and Nasal Symptoms subscales and SF-36. The Endocrine
Symptoms subscale showed moderate to strong correlations
with the SF-36 subscales, all below — 0.50, likely due to the
POS subscale measuring clinical effects of pituitary condi-
tions strongly affecting QoL [10, 14]. The strongest corre-
lations for this subscale were found with the SF-36 Social
Functioning, Vitality, and Mental Health subscales, likely
relating to the items related to fatigue, sleep, memory, con-
centration, sleep, endocrine-related mood swings in the POS
Endocrine Symptoms subscale. The lowest correlation seen
with the Endocrine Symptoms and SF-36 was due to the
SF-36 Physical Functioning subscale, explained by the fact
that there are no items directly related to physical activity
and function in the POS Endocrine Symptoms. The associa-
tions and discrepancies give credence to the POS as a valid

PROM, considering the SF-36 is the most employed PROM
in pituitary patients [12].

Responsiveness

To assess changes in effect over time, the sample was divided
based on the GPE scale responses for the 6-month (n=38)
post-surgery surveys. Overall patients who self-reported as
“better” or “much better” showed greatest improvement in
the POS subscales, suggesting that the POS is responsive
to detecting clinical changes after surgery. Interestingly,
even in the “deteriorated” group there were improvements
in the POS subscales compared to pre-operatively, suggest-
ing improvements in symptoms. This discrepancy may be
related to patient expectations and should be investigated
in future research. We caveat these findings recognising the
limitation posed by the small sample in the “no change”
and “deteriorated” groups, making it difficult to determine
the true responsiveness of the POS questionnaire. Consid-
ering GPE responses were skewed towards more improved
health states on the last survey, there is a strong inference
that most participants did experience improved health states
postoperatively and allude towards the POS’s potential in
measuring the long-term impacts of surgery.

Interpretability

To calculate the MIC and MID, values from the responsive-
ness analysis were used, leading to similar limitations for
these calculations. It is not possible to determine whether the
observed changes were due to clinically important changes
or measurement errors, despite the analyses showing the
MIC was smaller than the SDC (ind). However, the SEM
and SDC values by themselves could help interpret the POS
subscale scores. The pre-operation survey showed no floor
and ceiling effect, except for the Nasal Symptoms subscale
which had a floor effect, indicating the POS has an appropri-
ate response range. The floor effect for the Nasal subscale
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at baseline is appropriate patients would not be expected
to experience nasal symptoms prior to surgery as this is a
possible side effect specific to transsphenoidal surgery. The
6-month post-operation survey did not have a ceiling effect
for any of the POS subscales but showed a floor effect for
the EQ-5D-5L-QoL, Visual Symptoms and Nasal Symptoms
subscales. This is unsurprising for the two former subscales
as patients experience improvements in QoL, symptoms and
overall health after surgery and thus report minimal symp-
toms. The floor effect for the Nasal Symptoms subscale on
the 6-month post-operation survey is in keeping with previ-
ous assertions that nasal symptoms tend to be transient and
recover [46, 47]. Overall, these results point towards a good
interpretability of the item scales.

Other analyses

There were no differences in any subscale score between
patients who underwent endoscopic surgery and patients
who underwent microscopic surgery. However, the sample
size for this was small as clinical data and the 6-month post-
op survey results (endoscopic surgery n =20, microscopic
surgery n=21) had to be available for the analyses. This in
turn limits the reliability of these results.

Further analysis on patient outcomes measured with the
POS is a priority for future research with larger sample sizes.
As the aim of the current study was to develop and validate
the POS as a tool, the study was not powered for assessing
patient outcomes.

Comparison to related studies

The POS represents the first PROM for patients with pitui-
tary adenoma undergoing transsphenoidal surgery. However,
other PROMS have been widely used within this patient
group, notably the LBNQ-Pituitary [21] and Anterior Skull
Base Questionnaire (ASBQ) for patients with pituitary dis-
ease [48] and patients undergoing anterior skull base sur-
gery, respectively [49].

The LBNQ-Pituitary [21] assesses how much patients are
affected by their pituitary disease, with five subscales includ-
ing mood problems, negative illness perceptions, issues in
sexual functioning, physical and cognitive complaints, and
issues in social functioning. The scale can also be extended
with additional optional items, including one on impaired
eyesight, and others on specific conditions. However, the
LBNQ-Pituitary lacks items related nasal symptoms result-
ing from the transsphenoidal approach.

The ASBQ assesses how much patients are affected by
their anterior skull base surgery, with six subscales includ-
ing role of performance, physical functioning, vitality, pain,
specific symptoms, and impact on emotions [49]. It includes
items on nasal symptoms, and one on the effect of surgery
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on vision, but lacks items dedicated to endocrine symptoms
associated with pituitary disease.

The POS differs from both the LBNQ-Pituitary and
ASBQ in providing items related to both endocrine and
visual symptoms resulting from pituitary disease, and nasal
symptoms resulting from transsphenoidal surgery.

Limitations

This is the first study to validate a PROM for patients with
pituitary adenoma undergoing transsphenoidal surgery,
using an established standard to inform its design. There
are limitations:

1) Six patients did not undergo surgery during the study
period due to effects of the pandemic [50]. Three
patients had alternate diagnoses.

2) The pandemic resulted in a smaller than planned sample
size. Many patients required treatment via emergency
rather than elective pathways, impacting particularly on
the responsiveness and interpretability analyses. Accord-
ing to the COSMIN checklist, a minimum sample size of
100 is needed for assessing certain properties to obtain
valid and reliable results, meaning the true effect sizes
of the POS are likely underestimated.

3) Whilst a minimum sample size of 50 is cited for EFA
[51], several studies suggest larger sample sizes are
required [52-54]. Despite the sample size (n=92), EFA
was performed but the results were used as a guidance
and acted on in the context of clinical and rational judge-
ment.

Recommendations for use

The POS offers a standardised, patient-centric outcome
measure for patients having transsphenoidal surgery for
pituitary tumours.

We recommend interpreting the subscale scores on
an individual basis as the items within each subscale are
designed to measure constructs specific to pituitary adenoma
patients undergoing transsphenoidal surgery. As the number
of items is not evenly distributed across the four subscales,
quantification of individual item weights is needed before
using the total POS score. The EQ-5D-5L-QoL, Visual
Symptoms, and Endocrine Symptoms subscales measure
constructs directly related to the pituitary adenoma and con-
sequently the subscale scores are expected to improve after
surgery. Conversely, the Nasal Symptoms subscale measures
a post-surgical effect from the transsphenoidal surgery itself
rather than the condition.

Due to the limited sample size for the responsiveness and
interpretability analyses, the POS subscale scores should
be interpreted using clinical judgement, particularly for
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clinically significant change scores, until the literature can
suggest more reliable values.

Users should be aware of the differences in total scores
for each POS subscale and comparison between POS sub-
scale scores should be done with caution.

Conclusion

The POS is the first PROM specific for patients undergo-
ing transsphenoidal surgery for a pituitary adenoma. This
25-item PROM with EQ-5D-5L-QoL, Visual Symptoms,
Endocrine Symptoms, and Nasal Symptoms subscales
demonstrated good measurement properties, offering a new
measure to examine surgical effectiveness and sequelae of
surgery in a structured fashion. The POS can be integrated
into contemporary practice to provide patient-centred assess-
ments of care delivery and treatment efficacy. It can also
support research aiming to understand the impacts of trans-
sphenoidal surgery, and supplement quality improvement
strategies to transform care delivery by providing standard-
ised outcome measures which are more closely aligned with
patient objectives.
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